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PREFACE. 


In  the  present  edition  of  this  book,  while  every  part  has  received 
a  careful  revision,  tlie  original  plan  of  arrangement  has  been  changed 
only  so  far  as  was  necessary  for  the  introduction  of  new  material.  Al- 
though the  whole  field  of  physiology  has  been  cultivated,  of  late  years, 
with  unusual  industry  and  success,  perhaps  the  most  important  advances 
have  been  made  in  the  two  departments  of  Physiological  Chemistry  and 
the  Nervous  System.  The  numl^er  and  classification  of  the  proximate 
principles,  more  especialh',  and  their  relation  to  each  other  in  the  pro- 
cess of  nutrition,  have  become,  in  many  respects,  better  understoocl 
than  formerly;  though  it  is  evident  that  this  fundamental  part  of 
physiology  is  to  receive,  in  the  future,  modifications  and  additions  of 
the  most  valuable  kind. 

In  nearly  every  division  of  physiological  study,  a  prominent  feature 
of  recent  progress  has  been  the  increased  attention  i>aid  to  quantitative 
investigation.  The  conviction  has  apparently  become  general  that, 
in  ph3'siology  as  well  as  in  other  natural  sciences,  the  knowledge 
gained  by  any  method  of  study  is  essentially'  imperfect  until  its  re- 
sults can  be  stated  in  figures.  The  chenjical  characters  of  an  ingre- 
dient or  product  of  the  animal  system  are  hardly  more  important  than 
its  quantity;  and  for  determining  its  piiysiological  relation  to  other 
substances,  of  similar  or  different  kinds,  tlie  knowledge  of  its  quantity 
is  absolutely  indispensable.  Investigations  of  this  sort,  in  respect  to 
the  living  body,  are  surrounded  with  difficulties ;  but  the  results  ob- 
tained are  steadily  increasing  in  precision  and  extent,  and  already  form 
a  most  imi)ortant  element  in  the  study  of  physiology. 

In  a  text-book  like  the  present,  it  is  desirable  tliat  the  reader  should 
not  be  misled  by  having  all  the  frequent  changes  of  opinion,  or  sub- 
stitutions of  theory,  presented  as  discoveries  in  physiological  science. 
Any  faithfully  observed  facts,  however  unexpected  or  peculiar,  are  of 
course  at  once  invested  with  a  permanent  value.  But  the  theoretical 
explanations,  by  which  they  are  sometimes  accompanied,  are  not  of  the 
same  importance.     Tliey  often  represent  only  a  scheme  of  probabilities 
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existing  in  the  mind  of  the  author,  and  may  be  altered  at  any  time  to 
suit  the  requirements  of  moi-e  extended  observation.  In  rendering  an 
account,  therefore,  of  the  state  of  knowledge  upon  any  physiological 
subject,  the  student  should  be  informed,  not  only  of  the  results  now  in 
our  possession,  but  also  of  the  means  of  investigation  by  which  they 
have  been  attained.  He  is  thus  enabled  to  distinguish  between  what 
is  positive  in  physiological  doctrines,  and  what  is  hypothetical ;  and 
when  further  discoveries  are  made,  which  lead  to  changes  of  opinion, 
he  is  not  confused  or  disappointed  at  apparent  contradictions  between 
the  new  views  and  the  old.  This  method  requii'es  a  certain  amount  of 
detail  in  the  statement  of  facts ;  but  its  advantages  are  ample  comi>en- 
sation  for  the  necessary  expenditure  of  time  and  space. 

The  additions  and  alter.ntions  in  the  text,  requisite  to  present  con- 
cisely the  growth  of  positive  physiological  knowledge,  have  resulted, 
in  spite  of  the  author's  earnest  efforts  at  condensation,  in  an  increase 
of  fully  fifty  per  cent,  in  the  matter  of  the  work.  A  change,  however, 
in  the  typographical  aiTangement  has  accommodated  these  additions 
without  undue  enlargement  in  the  bnlk  of  the  volume. 

The  new  chemical  notation  and  nomenclature  are  introduced  into  the 
present  edition,  as  having  now  so  generally  taken  the  place  of  the  old, 
that  no  confusion  need  result  from  the  change.  The  metrical  system 
of  measurements  for  length,  volume,  and  weight,  is  also  adopted,  these 
measurements  being  at  present  almost  universally  employed  in  original 
physiological  investigations  and  their  published  accounts.  Tempera- 
tures are  given  in  degrees  of  the  centigrade  scale,  usually  accompanied 
by  the  corresponding  degrees  of  Fahrenheit's  scale,  inclosed  in  brackets. 

Kew  Yobk,  September,  1875. 
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r  Thb  study  of  Phj'siology  embraces  all  the  active  phenomena  pie- 

'sented   by   living   beings — such    as   growth,   reproduction,  movi'rneiit, 

sensntion,  the  chemical  chnnges  manifested  in  t!ie  body  during  life,  as 

well  }i8  its  action  upon  external  substances  and  its  dependence  upon 

external  conditions. 

Living  bo«lies  are  distinguished,  as  regards  their  structure,  frona 
those  of  the  inorganic  world  intiinly  liy  the  fact  that  they  are  organized  ; 
that  is,  they  are  composed  of  a  number  of  different  parts,  or  organs, 
connected  with  each  other  and  mutually  dependent.  In  all  the  higher 
onlers,  both  of  animals  and  plants,  these  various  organs  belonging  to 
the  same  bo<ly  are  quite  tmmennis,  and  are  very  ditferent  from  each 
other  both  in  their  structure  and  properties. 

In  an  animal,  for  example,  there  is  an  external  integument  covering 
the  surface  of  the  Iwdy,  bones  which  form  a  framework  for  the  protection 
and  attachment  of  other  parts,  niusek-s  by  whieli  the  limbH  are  put  in 
motion,  an  alimentary  eanal  fur  the  digestion  of  ihe  food,  and  various 
glands  for  the  secretion  of  the  animal  fluids.  In  a  [ilant  there  are  roots 
whiclj  absorb  the  ingretlients  of  the  soil,  leaves  which  elaborate  the 
Vegetable  juices,  and  the  various  parts  of  the  blossom  which  are  con- 
cerned in  the  produelion  of  the  fruit.  Thus  each  different  organ  h.is  a 
8iM»cial  strneture,  and  plays  a  tbstinct  part  in  the  living  organism. 
r~The  peculiar  action  or  result  accomplished  in  this  way  b}'  a  |)articular 
I  organ  is  called  its  /unction.  Tiiere  are,  therefore,  a  variety  of  fimetions 
going  on  In  the  living  body,  each  one  as  distinct  as  the  organ  by  whieh 
it  is  performed.  IJut  no  one  of  them  is  entirely  in(lt'[)fndent  of  the  rest. 
The  circulation  of  the  blood,  which  is  carried  on  by  the  organs  of  the 
VBScttlar  system,  requires  tliat  the  blood  .'^houtd  be  incessantly  renovated 
bv  the  process  of  respiration  in  order  that  it  may  continue  uiidisturlifd  ; 
and  the  circulation  is  in  its  turn  necessary  to  the  functions  of  secretion 
Mid  nutrition,  for  which  it  supplies  the  necessary  material  to  all  parts 
of  the  bo«ly.  Thus  all  tlie  dlHeri-iit  functions  are  in  a  state  of  mutual 
de|>endence.  and  the  life  of  the  u  bdle  body  is  a  result  of  the  siuiuliaueous 
aod  harmonious  action  of  its  ditl'ereut  j>urts. 
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The  only  method  by  which  physiology  can  be  studied  is  the  observa- 
tion of  nature.  The  phenoineua  presenietl  by  living  creatures  are  only 
to  be  learned  by  direct  examination,  and  cannot  be  inferred,  by  any 
process  of  reasoning,  from  any  other  facts  of  a  different  character. 
Even  a  knowledge  of  the  minute  structure  of  a  part,  however  exact, 
cannot  furnish  any  information  as  to  its  active  properties  or  function ; 
and  these  properties  can  be  learned  only,  by  examining  the  organ  when 
it  is  in  a  state  of  activity.  Thus  the  muscular  fibre  and  the  nervous 
fibre  present  certain  well-defined  characters  of  minute  structure  which 
are  easily  distinguished  by  anatomical  examination,  but  which  could 
not  teach  us  anything  of  their  physiological  properties ;  while  direct 
experiment  siiows  that  the  muscular  fibre  is  contractile  and  the  nervous 
fibre  excitable  or  sensitive. 

Since  the  vital  phenomena  of  the  entire  botly  result  from  the  com- 
bined activity  of  its  different  parts,  these  different  parts  should  be 
studied  by  themselves  in  order  to  ascertain  their  particular  properties. 
This  can  be  done  b}'  examination  and  experiment  for  each  part  while  it 
still  retains  its  vital  powers.  Experience  shows  that  after  the  circula- 
tion has  ceased,  and  consciousness  and  volition  have  disappeared,  many 
minute  portions  of  the  body  continue  for  a  time  capable  of  manifesting 
their  physiological  action.  Thus  a  muscular  fibre,  separated  from  the 
remaining  tissues,  may  still  be  made  to  contract  under  the  appropriate 
stimulus;  and  a  nerve,  though  cut  off  from  its  connection  with  the 
brain,  may  also  be  called  into  activity  by  mechanical  or  electrical 
irritation.  This  is  because  each  part  retains  its  physiological  powers 
so  long  as  it  retains  its  peculiar  structure  and  constitution.  The 
general  functions  of  the  body,  such  as  the  circulation,  digestion,  and 
respiration,  have  for  their  object  to  provide  for  the  nutrition  of  the 
tissues  and  organs,  and  thus  maintain  their  natural  constitution  unim- 
paired. Their  cessation,  accordingly,  does  not  instantly  destroy  the 
vitality  of  particular  parts,  but  only  after  a  sufficient  time  has  elapsed 
to  alter  or  impair  their  natural  constitution.  The  time  during  which 
the  vital  powers  ma}'^  thus  be  retained  varies  for  different  parts.  Thus 
the  muscular  fibre  is  capable  of  manifesting  its  excitability,  as  a  general 
rule,  longer  than  the  nervous  fibre,  and  the  nervous  fibre  longer  than 
the  gray  matter  of  a  nervous  ganglion.  There  is,  also,  a  difference  in 
the  same  part  shown  by  different  kinds  of  animals.  The  excitability  of 
both  nervous  and  muscular  tissues  continues  longer  in  the  cold-blooded 
than  in  the  warm-blooded  animals,  and  in  the  quadrui)eds  longer  than  in 
birds.  In  every  instance,  of  course,  the  examination  of  such  an  isolated 
part  of  the  body  should  be  made  while  it  still  preserves  its  physiological 
properties. 

On  the  other  hand,  the  functions  of  entire  organs,  or  the  general 
functions  of  the  body  as  a  whole,  can  only  be  studied  with  success 
while  life  is  going  on.  The  anatomical  relations  of  the  various  organs 
may  be  learned  by  dissection  after  death ;  but  their  vital  actions  are 
not  to  be  ascertained  in  this  way,  because  they  have  ceased  and  cannot 


wgnin  be  put  in  oprrntion.  Tlic;  nmsL  itiiportiint  fncts  liave  often 
rotnainetl  loug  unknown  or  misumlei'slooil  lor  this  reason.  Tlie  earlier 
anatomists  supposed  that  the  arteries  wei-e  tubes  for  the  circulation  of 
air,  because  they  appeare*!  erajity  when  openetl  after  death.  It  waa 
only  when  Oalen  exposctl  llie  artery  of  a  living  auiuuil,  ami,  opening  it 
Itetween  two  ligatures,  showed  it  to  bo  full  of  blood,  thnt  the  true  func- 
tion of  these  vessels  wag  ascertaine<l.  The  lacteal  and  lymphatic  vessels 
were  discovered  in  the  seventeenth  century ;  bnt  from  their  small  size, 
and  the  small  aniourit  of  fluid  contained  in  them,  the  oireulatiou  in  the 
lymphatic  system  was  thought  to  be  very  limited  in  quantity.  Two 
hatidreii  years  afterward,  when  the  experiment  was  iK-rformed  of 
introducing  a  cnnuta  into  the  thoracic  dnct  of  the  living  animal  and 
continuing  the  observation  while  digestion  and  absorption  were  going 
on,  the  experimenters  obtained,  in  horses  and  oxen,  from  filly  to  one 
hundre<l  pounds  of  lymph  and  chyle  during  twenly-foiir  hours;  thus 
demonstrating  the  existence  of  a  vital  activity  much  greater  than  could 
have  been  suspected  from  any  examiujition  of  tlie  dend  body. 

The  observation  of  the  physiological  notions  during  lilc  usually  re- 
qaircs  the  emploj-nient  of  certain  contrivances  and  manipuhitioiis  in 
ortler  to  arrive  at  accurate  results.  E\'en  the  more  suiterlicial  phe- 
nomena, such  as  the  changes  in  the  air  jiroduced  by  respiration,  can 
only  be  studied  with  precision  by  the  aid  of  artificial  means  for  meas- 
aring  and  examining  the  various  gases  absorbed  or  discharged.  The 
processes  going  on  in  the  internal  organs  are  more  especially  concealed 
from  view,  and,  therefore,  need  for  their  study  the  use  of  instruments 
and  operations  in  order  to  bring  tlicm  under  observation.  It  is  accord- 
ingly necessary,  in  the  large  nrajority  of  cases,  to  resort  to  experiments 
npon  animals  in  the  study  of  physiologj',  and  all  the  important 
knowledge  thus  far  gained  has  been  acquired  in  this  way.  But  as  the 
physiology  of  the  human  species  is  the  main  oliject  of  our  study,  and 
as  each  different  sjiectes  of  animals  presents  certain  jK-culiarities  which 
distinguish  it  from  others,  it  becomes  essential  to  know  how  far  we  can 
apply  the  results  derived  from  exiierimcnt  upon  one  species  to  the 
phj'siology  of  the  others,  or  to*  that  of  the  huni:»n  brxly  itself, 
/  All  animals  present  certain  general  phenomena  in  common,  namely,  \ 
[those  of  nutrition,  secretion,  absorption,  movement,  and  reproduc-y 
V^on.  The  vertebrate  animals,  to  which  class  man  belongs,  are  fur- 
thermore constructed  upon  the  same  general  plan  of  organization,  and 
their  corrt-sponding  organs  are  evidently  the  same  in  character.  The 
different  parts  of  their  nervous  and  vascular  systems,  their  digestive 
apparatus,  their  organs  of  locomotion,  of  secretion,  excretion,  and 
n*production,  have  the  same  relative  position,  and  can  be  easily  recog- 
nize<l  and  compared  with  each  other.  The  ingredients  of  their  solids 
and  flnids  have  the  same  or  a  similar  chemical  constitution,  and  play  a 
corresponding  part  in  the  vital  processes.  The  coloring  matter  of  tiie 
l>lood  is  identical  in  all  of  them ;  they  all  absorb  oxygen  and  exhale 
carbonic  acid  with  more  or  less  activity:  and  many  or  most  ot  \.Yve\x 
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secretions  and  excretions  have  the  same  physiological  character.  The 
Trhole  value  of  pliysiological  experiment,  as  applied  to  different  species, 
depends  upon  this  general  resemblance  between  them,  both  of  structure 
and  function. 

On  the  other  hand,  the  differences  between  species  of  vertebrate  ani> 
mals  consist  only  in  the  relative  size  and  development  of  particular 
parts,  and  consequently  in  the  relative  importance  of  particular  func- 
tions. The  intestine,  for  example,  is  longer  and  more  complicated  in 
the  herbivorous  animals,  shorter  and  simpler  in  the  camivora.  The 
muscles  of  the  external  ear  are  slightly  developed  and  powerless  in  the 
human  subject,  large  and  active  in  many  of  the  inferior  species.  Fish 
and  reptiles  produce  but  little  animal  heat,  and  are,  therefore,  called 
cold-blooded  animals ;  birds  and  quadrupeds  generate  it  in  abundance, 
and  are  therefore  called  warm-blooded.  The  differences  between  them 
are,  therefore,  almost  invariably  differences  in  degree  and  not  in  kind. 

Consequently  the  simple  and  direct  result  of  an  experiment  in  different 
animals  is  the  same,  or  varies  only  in  degree.  If  we  deprive  an  animal 
of  oxygen,  whatever  the  species  may  be,  it  produces  death  invariably  and 
in  the  same  way,  because  in  all  this  element  is  essential  to  the  nourish- 
ment of  the  tissues.  But  death  will  take  place  rapidly  in  birds  or 
quadrupeds,  more  slowly  in  reptiles,  because  the  vital  changes  are  more 
active  in  the  former  than  in  the  latter.  Division  of  the  spinal  cord  in 
all  cases  produces  immediate  paralysis  of  sensation  and  voluntary 
motion  in  tlie  parts  below,  showing  that  the  sensitive  and  motor  fibres 
follow  in  all  the  same  route  and  possess  the  same  nervous  endowments. 
Experiments  accordingly  of  the  same  kind,  performed  upon  different 
animals,  have  a  direct  result  which  is  the  same  in  character. 

But  experiments  have  often  also  certain  indirect  or  secondary  results, 
dependent  upon  the  relative  importance  of  associated  organs,  and  these 
vary  considerably  in  different  kinds  of  animals.  Thus  division  or  dis- 
ease of  the  facial  nerve  in  all  instances  causes  a  direct  paralysis  of  the 
muscles  of  the  face.  In  the  human  subject  this  produces  only  a  loss  of 
expression,  with  some  inconvenience  in  the  retention  of  fluids  by  the 
mouth.  But  in  the  horse  it  is  followed  by  a  partial  suffocation,  because 
in  him  the  expansion  of  the  nostrils  is  an  important  part  of  the  move- 
ments of  respiration.  While  the  direct  effect  of  an  experiment,  there- 
fore, is  always  the  same,  its  indirect  effect  varies  with  the  comparative 
development  of  different  parts.  It  is  evident,  however,  that  tins  varia- 
tion does  not  impair  the  A'alue  of  experiment  as  a  means  of  study,  but, 
on  the  contrary,  enlarges  its  usefulness  and  leads  to  the  acquisition  of 
greater  knowledge  by  its  means. 

The  physiological  actions  of  living  beings  are,  of  course,  dependent 
upon  natural  causes,  and  are  to  be  studied  in  a  similar  manner  with 
other  natural  phenomena,  such  as  those  of  magnetism,  gravitation, 
chemical  affinity,  and  the  like.  In  all  these  cases,  we  observe  the 
character  of  the  phenomenon,  the  conditions  upon  which  it  depends, 
the  mechanism  of  its  production,  and  the  quantities  of  force  or  material 


INTRODUCTION.  29 

exp>endcd  in  its  manifestation.  The  study  of  physiology,  therefore, 
requires  a  certain  knowledge  of  the  chemical  and  physical  reactions 
presented  in  the  outer  world,  in  order  that  the  observer  may  be  able  to 
appreciate  the  peculiarities  of  similar  phenomena  as  they  occur  in  the 
living  body.  As  all  animated  beings  are  closely  dependent  on  external 
conditions  for  the  maintenance  of  their  vitality,  it  is  evident  that  the 
study  of  their  vital  actions  cannot  be  disconnected  from  that  of  external 
natural  phenomena.  The  pressure  and  tension  of  the  atmosphere,  for 
example,  as  well  as  its  chemical  constitution,  are  directly  connected  with 
the  process  of  respiration ;  and  the  circulation  of  the  blood  through  the 
vessels  exhibits  the  physical  phenomena  of  an  incompressible  fluid  flow- 
ing through  elastic  tubes.  v 
/  By  the  term  vital  phenomena^  accordingly,  we  mean  those  phenomena) 
I  which  are  manifested  in  the  living  body,  and  which  are  characteristic  of/ 
Nts  functions.  At  the  same  time  many  of  them  do  not  differ  in  character 
from  those  of  the  outside  world,  but  only  in  the  peculiarity  of  their 
conditions  and  their  results. 

Some  of  these  phenomena  are  physical  or  mechanical  in  their  charac- 
ter ;  as,  for  example,  the  play  of  the  articulating  surfaces  upon  each 
other,  the  balancing  of  the  spinal  column  with  its  appendages,  the  action 
of  the  elastic  ligaments.  Nevertheless,  these  phenomena,  though  strictly 
physical  in  character,  are  often  entirely  peculiar  and  different  from  those 
seen  elsewhere,  because  the  mechanism  of  their  production  is  peculiar  in 
its  details.  Thus  the  human  voice  and  its  modulations  are  produced  in 
the  larynx,  in  accordance  with  the  general  physical  laws  of  sound ;  but 
the  arrangement  of  the  elastic  and  movable  vocal  chords,  and  their 
relations  with  the  columns  of  air  above  and  below,  the  moist  and  flexi- 
ble mucous  membrane,  and  the  contractile  muscles  outside,  are  of  such 
a  special  character  that  the  entire  apparatus,  as  well  as  the  sounds  pro- 
duced by  it,  is  peculiar ;  and  its  action  cannot  be  properly  compareil 
with  that  of  any  other  known  musical  instrument. 

In  the  same  manner,  the  movements  of  the  heart  are  so  complicated 
and  remarkable  that  they  cannot  be  comprehended,  even  by  one  who  is 
acquainted  with  the  anatomy  of  the  organ,  without  a  direct  examination. 
This  is  not  because  there  is  anything  essentially  obscure  or  mysterious 
in  their  nature,  for  they  are  purely  mechanical  in  character ;  bat  because 
their  conditions  are  so  peculiar,  owing  to  the  tortuous  course  of  the 
muscular  fibres,  their  arrangement  in  interlacing  layers,  their  attach- 
ments and  relations,  that  their  combined  action  produces  an  effect  alto- 
gether peculiar,  and  one  which  is  not  similar  to  anything  outside  the 
living  body. 

A  very  large  and  important  class  of  the  vital  phenomena  are  those  of 
a  chemical  character.  It  is  one  of  the  characteristics  of  liAnng  bodies 
that  a  succession  of  chemical  actions,  combinations,  and  decompositions, 
is  constantly  going  on  in  their  interior.  It  is  one  of  the  necessary  con- 
ditions of  the  existence  of  every  animal  and  every  vegetable,  that  it 
should  constantly  absorb  various  substances  from  without,  which  under- 
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go  different  chemicul  alttn-atiitiis  iii  its  interior,  and  nre  finally  discharged 
from  it  iintler  other  foriiiri.  II"  these  cbaiiges  be  prevented  from  liiking 
])!afe,  life  is  imniediatoly  extinguisbed.  Tbiis  animaJs  constantly  absorb, 
on  tbc  one  baud,  wiiter,  oxygon,  salts,  albumen,  oil,  8Ug:jr,  f tx'.,  and  give 
up,  on  the  otliL-r  Imnd,  lu  tin?  surrounding  (ucdia,  eiirbouic  aciil,  water, 
ereatiiiine,  tlie  urates,  nrea,  and  tbe  like;  wbile  between  these  two  extreme 
[voints,  of  absorption  and  exbdation,  there  take  place  a  niultitu<ie  of 
dilltTCnt  transfonnations  which  are  esaential  to  the  continuance  of  life. 

Some  of  thctie  chemical  actions  are  the  same  with  tbose  which  arc 
seen  outside  tbc  bmly ;  but  most  of  thciu  arc  i>cculiar,  and  do  not  take 
place  anywhere  else.  This,  again,  is  not  because  there  is  anything  excep- 
tional in  their  nature,  but  because  the  coiiditioua  necessary  for  their 
accomplisbiuent  exist  in  the  bo<ly,  and  do  not  exist  elsewhere.  All 
chemical  phenomena  are  liabie  to  be  modilied  by  surrounding  conditions. 
Many  reactions  winch  will  take  place  at  a  high  temperature  will  not 
take  place  at  a  low  tein|)eratiire,  and  rur  verifd.  Some  will  take  place 
in  the  light,  but  uot  in  the  dark ;  others  will  take  place  in  the  dark,  but 
not  in  tlie  liglit.  Because  a  cheniicid  reaction,  therefore,  takes  place 
under  one  set  of  conditions,  we  cannot  be  at  all  sure  that  it  will  take 
place  under  utbers  wtiieli  are  ditfcreut. 

Tiie  chemical  condilions  of  tJu;  living  body  are  exceedingly  compli- 
cated. In  the  animal  Holida  and  fluids,  there  are  many  substances 
mingled  togetlier  in  varying  quantities,  which  modify  or  interfere  with 
each  other's  reactions.  Mew  substances  are  constantly  entering  by 
absorption,  and  old  ones  leaving  by  exhalation;  while  the  circulating 
fluids  are  incessantly  passing  from  one  part  of  the  boily  to  another, 
and  coming  in  contact  with  ilitferent  organs  of  different  texture  and 
composition.  Alt  these  conditions  are  peculiar,  and  so  modify  the 
eliemieal  aetioi»s  taking  place  in  the  boiJy  that  ihey  are  oiten  unlike 
tliose  met  with  elsewhere. 

If  starch  and  iodine  be  mingled  together  in  a  waterj-  solution,  they 
unite  with  each  other,  and  strike  a  deep  blue  color;  but  if  they  l>e 
mingled  in  the  blooil,  no  such  reaction  takes  place,  because  it  is  pre- 
vented by  the  presence  of  certain  organic  substances  which  interfere 
with  it. 

If  ilead  animal  matter  be  exposed  to  warmth,  air,  and  moisture,  it 
putreQes;  but  if  introduced  into  the  living  stomach,  this  process  is  pre- 
vented, because  the  fluids  of  the  stomitch  cause  the  animal  sul>stance  lo 
undergo  a  peculiar  transforraution  (digestion),  at\er  which  the  blood- 
vessels immediately  remove  it  by  absorption.  There  are  also  certain 
substances  which  make  their  apiwanince  in  the  living  body  of  animals 
or  vegetables,  and  wliieh  are  not  found  elsewhere;  such  as  fibrine,  albu- 
men, caseine,  the  biliary  salts,  hemogloblne,  chlorophyll,  morphine,  etc. 
These  substiuicea  cannot  Ix;  manufactured  artitlcially,  simply  because 
we  are  unable  to  imitate  the  necessary  conditions.  They  require  for 
their  ])roduct«on  tiie  [trusence  of  a  living  organism. 

The  chemic:d  pheuoiuena  of  the  living  boily  are,  therefore,  uot  ditferent 
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in  thfir  nature  from  any  otlier  cljemieul  pheuomeiia;  but  tbcy  arc  ofteu 
ilitlerent  i)t  Ihoir  u-uu<liLi«jus  and  hi  their  resulu,  ami  tire  couscqueutty 
peculiar  and  clmracteristic, 

Aoother  set  of  vitul  phenomena  are  those  which  are  mauifestcd  in  the 
processes  of  repro«luction  and  developmeut.  They  are  entirely  distinct 
front  fkuy  plieuomena  whiuh  are  exhiliited  by  mutter  not  eudowL-d  with 
life.  An  inorganic  suhstaiice,  even  when  it  has  ii  iletinite  furui,  a»,  Tor 
example,  a  crystal  of  fluur  spar,  has  no  iiartiuuhir  relatitm  to  auj'  siniihir 
form  which  has  preeede<l,  or  any  other  which  is  to  follow  it.  On  the 
other  hand,  every  animal  and  every  vegetable  owes  its  origin  to  pre- 
ceding aniinid^^  or  vegetaliles  of  the  aame  Ivind  ;  and  tlie  manner  in 
wliieh  this  production  takes  place,  and  the  different  forms  through 
which  the  new  body  successively  passes  in  the  course  of  its  develop- 
ment, constitute  the  phenouieua  of  reproduction.  Tl>ese  phenomena 
are  moHtly  dejH'mU'tit  on  Uu*  elieraieal  processes  of  nutrition  and  growth, 
whii-h  take  phice  in  a  i)artieular  direction  and  in  a  particular  manner; 
but  their  results,  namely,  tiie  proiluetion  of'a  cnDiiected  series  of  different 
forms,  constitute  n  separate  class  of  phenomena,  which  oaunot  be  ex- 
plained in  any  manner  by  the  preceding,  and  require,  therefore,  to  be 
studieil  by  tliemselves. 

Another  set  of  vital  plienomona  arc  those  which  belong  to  the  nen'ous 
system.  These,  like  the  ])roce38es  of  reprD<luction  and  develoiunent, 
dejK'nd  on  the  chemical  changes  of  nutrition  and  growth.  That  is  to 
say.  if  the  nutritive  prcjui'Hses  did  not  go  on  in  n  hentthy  mnuner  and 
maintain  the  nervous  s^'stem  rn  a  healthy  condition,  the  peculiar  phe- 
nomena which  are  characteristic  of  it  could  not  tnke  ]>lace.  The  nutri- 
tive processes  are  necessary  couilitions  of  the  nervous  jihenoniena.  But  < 
there  is  no  other  connection  between  them;  anil  the  nervous  phenomena 
themselves  are  distinct  from  all  others,  both  in  their  nature  and  in  the 
mode  in  which  they  are  to  be  studied. 

The  study  of  Physiology  is  naturally  divided  into  three  distinct  Sec- 
tions;— 

I.  The  first  of  these  includes  everything  which  relates  to  the  Nutri- 
tion of  the  body  in  its  widest  sense.     It  comprises  the  history  of  the 
proximate  principles,  their  source,  the  manner  of  their  production,  the 
pru|>ortion8  in  which  they  exist  in  different  kinds  of  food  and  drink,  the 
processes  of  <ligestion  and  absorption,  and  the  constitution  of  the  circu- 
hiling  fluids ;  then,  the  j>ljysiea!  phenomena  of  the  circulation  and  the 
forces  by  which  it  is  nccomplished;  the  changes  which  the  blootl  under- 
goes in  different  parts  of  the  bofly ;  alt  the  phenomena,  bolh  jihysical 
and  chemical,  of  respiration;   those  of  secretion  anfl  excretion,  and  the 
character  and  destination  of  the  seoretetl  and  excreted  fluids.     All  these 
>ro<'es8es  have  reference  to  a  comnioTi  object,  namely,  tlie  preservation  of 
the  normal  strncture  :ind  organization  of  the  individual.     Their  resultsN, 
roMi])rise  the  phenomena  of  internal  growth  and  nutrition,  which  are  J 
common  to  the  animal  and  vegetable  kingdoms;  and  they  are  accord-/ 
tngly  known  by  the  name  of  the  vtgetalioe  functions.  -^ 
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II.  The  Second  Section,  in  the  natural  order  of  study,  is  devoted  to 
the  phenomena  of  the  Nervous  System.  These  phenomena  are  not 
exhibited  by  vegetables,  but  belong  exclusively  to  animal  organizations. 

/They  bring  the  animal  body  into  relation  with  the  external  world,  and^ 
I  preserve  it  from  external  dangers,  by  m^ans  of  sensation,  movement,  j 
\  consciousness,  and  volition.  They  are  more  particularly  distinguished/ 
\by  the  name  of  the  animal  functions. 

III.  Lastly  comes  the  study  of  the  entire  process  of  Reproduction. 
Its  phenomena,  again,  with  certain  modifications,  are  met  with  in  both 
animals  and  vegetables ;  and  might,  therefore,  with  some  propriety,  be 
include<l  under  the  head  of  vegetative  functions.  But  their  distinguish- 
ing peculiarity  is,  that  they  have  for  their  object  the  production  of  new 
organisms,  which  take  the  place  of  the  old  and  remain  after  they  have 
disappeared.  These  phenomena  do  not,  therefore,  relate  to  the  preserva- 
tion of  the  individual,  but  to  that  of  the  species ;  and  any  study  which 
concerns  the  species  comes  properly  after  we  have  finished  everything 
relating  to  the  individual. 
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The  stufly  of  Xutrition  begins  natunilly  witb  that  of  tlie  proximate, 
princtplcsj  or  tlie  substonct'S  fnU'rirtg  into  the  compOSitiuu  of  thi.-  dif- 
ferent parts  of  the  body,  aiid  tlie  different  kinds  of  food.  In  t'xamiuing 
tlie  J>ody,  ttie  anatomist  finds  that  it  in  composed,  fli-st,  of  various  ports, 
which  are  easily  recogiiizwl  by  the  eye,  and  'nliich  occupy  distinct  situa- 
tiona.  In  the  case  of  the  hiiuum  body,  fur  exainitle,  a  division  is  easily 
made  of  the  entire  frame  into  tlie  head,  neck,  trunk,  and  extremities. 
Each  of  these  regions,  again,  is  fotmd,  on  exauiiuation,  to  contain  several 
distinct  parts,  or  '^organs,"  which  re«[uire  to  be  separated  from  each 
other  by  dissection,  and  which  are  distinguished  by  their  form,  color, 
texture,  and  consistency,  lu  a  single  limb,  for  example,  every  bone  and 
every  muscle  constitutes  a  distinct  organ.  In  the  trunk,  we  have  the 
heart,  the  Kings,  the  liver,  spleen,  kidneys,  spinal  conl,  etc.,  each  of 
sh  is  also  a  distinct  organ.  When  a  nuralx'r  of  organs,  differing  in 
and  form,  but  similar  in  texture,  are  found  scattered  throughout 
the  entire  frame,  or  a  large  portion  uf  it,  they  form  a  connected  set  or 

v^on^ler  of  parts,  which  is  eaile<l  a  "  system."     Thus,  all  the  muscles  taken 
together  constitute  the  muscular  system;  all  tlie  bones,  the  osseous 

'8}-3lem;  all  the  arteries,  the  arterial  system.     Several  entirely  ditferentX 
organs  may  also  be  connected  with  each  other,  so  that  their  associated    ] 
actions  tend   to  accomplish   a   single  objiKJt,  and  they  then  form  an    J 
\  "apparntns."     Thus  the  heart,  arteries,  cajjillaries,  and  veins,  together. 
form  the  circulatory  app.arntus;  the  stomach,  liver,  piuicreas,  intestines. 
etCL,  the  digestive  appanitus.     Every  organ,  again,  on  microscopic  ex-N 
ftmination,  is  seen  to  be  made  up  of  minute  bcxlies,  of  definite  size  and  [ 
figure,  which  are  so  snmil  as  to  1w  invisible  to  the  naked  eye,  nnd  which, 
after  separation  from  ench  other,  cannot  be  further  subdivided  without  / 
destroying  their  organization.     They  are,  therefore,  calletl  "anatoraicai/ 
elements."     Thus,  in  the  liver,  there  are  hepntic  cells,  capillary  lilood-'^ 
vcflsels,  the  fibres  of  Glisson's  capsule,  and  the  ultimate  filamenla  of  IVws 
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hepatic  nerves.     Lastly,  two  or  more  kinds  of  anatomical  element9\ 
interwoven  with  each  other  in  a  particular  manner  form  a  "tissue^^ 
Adipose^vesicles,  with  capillaries  and  nerve  filaments,  form  adiptose 
tissue,    (white  fibres,  elastic  fibres,  and  connect! ve-tissne  celli^  with 
capillary  bloodvessels  and  nerve  filaments,  form  connective  tissue.  jThu^' 
the  solid  parts  of  the  entire  body  are  made  up  of  anatomical  elementsJ 
tissues,  organs,  systems,  and  apparatuses.    Every  organized  frame,  ^a\ 
even  every  apparatus,  every  organ,  and  every  tissue,  is  made  up  of  dif-  \ 
ferent  parts,  variously  interwoven  and  connected  with  each  other,  and  J 
it  is  this  character  which  constitutes  its  organization.  "^ 

But  beside  the  above  solid  forms,  there  are  also  certain  fluids,  which 
are  constantly  present  in  vaiious  parts  of  the  body,  and  which,  from 
their  peculiar  constitution,  are  termed  "  animnl  fluids."  These  fluids 
are  just  as  much  an  essential  part  of  the  body  as  the  solids.  The  blood 
and  the  lymph,  for  example,  the  pericardial  and  synovial  fluids,  the 
saliva,  which  always  exists  more  or  less  abundantly  in  tlie  ducts  of  the 
parotid  gland,  the  bile  in  the  biliary  ducts  and  the  gall-bladder :  all 
these  go  to  make  up  the  entire  body,  and  are  quite  as  necessary  to  its 
physiological  structure  as  tlie  muscles  or  the  nerves.  Now,  if  these 
fluids  be  examined,  they  are  found  to  be  made  up  of  many  different  sub- 
stances, which  are  mingled  together  in  certain  proportions ;  these  pro- 
portions being  constantly  maintained  at  or  about  the  same  standard  by 
the  natural  processes  of  nutrition.  Such  a  fluid  is  termed  an  organized 
Jluid.  It  is  organized  by  virtue  of  the  numerous  ingredients  which 
enter  into  its  comiK>sition,  and  the  regular  proportions  in  which  these 
ingredients  are  maintained.  Thus  in  the  plasma  of  tbe  blood,  we  have 
albumen,  fibrine,  water,  chlorides,  carbonates,  and  phosphates.  In  the 
urine,  we  find  water,  urea,  sodium  urate,  creatinine,  coloring  matter,  and 
salts.  I  These  substances,  which  are  mingled  together  so  as  to  make  upT] 
in  each  instance,  by  their  intimate  union,  a  homogeneous  liquid,  are/ 
called  the  proximate  principles  of  the  auimal  fluid. 

In  the  solids,  furthermore,  even  in  those  parts  which  are  apparently 
homogeneous,  there  is  a  similar  mixture  of  various  ingredients.  In  the 
hard  substance  of  bone,  for  example,  there  is,  first  water,  which  may  be 
exijelled  by  evaporation ;  second,  lime  phosphate  and  carbonate,  which 
may  be  extracted  by  the  proper  solvents ;  third,  a  peculiar  animal  matter, 
with  which  these  calcareous  salts  are  in  union  ;  and  fourth,  various  other 
saline  substances,  in  special  proportions.  The  muscular  tissue  contains 
water,  sodium  and  potassium  chlorides,  lime  phosphate,  creatine,  vari- 
ous forms  of  albumen,  and  an  animal  matter  termed  myosine.  The 
difference  in  consistency  between  the  solids  and  fluids  does  not,  there- 
fore, indicate  any  radical  difference  in  their  constitution.  Both  are 
equally  made  up  of  proximate  principles,  mingled  together  in  various 
proportions. 

It  is  important  to  understand,  however,  exactly  what  are  proximate 
principles,  and  what  are  not  such;  for  since  these  principles  arc  ex- 
tracted from  the  animal  solids  and  fluids,  and   separated  from  each 
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other  by  tbu  ht'lp  of  certain  clifrak'nl  maiiiimlations,  such  as  cvaivura- 
tioii,  solution,  crystallization,  and  the  like,  it  might  be  supposed  that 
every  substance  wJiich  eould  be  exlracterl  from  an  orgauizccl  eoliil  or 
fluid,  by  cheruiciil  means,  should  b«  cousidorud  as  a  proximate  priiici- 
/  pie.     That,  however,  is  not  the  case.    A  proximate  principle  is  properly\ 
I    defined  to  be  any  subntanvt^y  whether  ttimple  or  oonipduiifl^  chemically} 
\ifj>eahnig,  which  nj-ixla^  tinder  its  own  forviyin  {he  aniiiial  aolid  or  JluidA 
aud  which  cjm  be  extracted  by  means  which  do  not  alter  or  destroy  its 
chemieal  pro|M:'rtie8.      Lime   pliospliate,  for   example,  ia  a  proximate 
principle  of  bone,  but  phoHphoiic  acid  is  not  so,  since  it  does  not  exist 
as  such  in  the  bony  tii»8ue,  but  is  produced  only  by  the  decomposition 
of  the  calcareous  matter  ;  still  kss  pli08[tliorus,  -which  is  ol.tiviued  only 
by  the  decomposition  of  the  phosphoric  aoi<l. 

Proximate  principles  may,  in  fact,  be  said  to  exist  in  all  solids  or 
fluids  of  mixed  composition,  and  may  be  extracted  from  tlicm  l>y  the 
same  means  as  in  (he  case  of  the  animal  tissues  or  secretions.  Thus,  in 
a  watery  solution  of  sugar,  we  have  two  proximate  principles,  namely: 
first,  the  water,  and  secondly,  the  sugar.  The  water  may  be  separated 
by  evHporiition  and  condensation,  after  which  the  sugar  remains  l>e)»iud, 
in  a  crystalline  form.  These  two  substances  have,  therefore,  Ih-cu  sim- 
ply separated  from  eacli  other  by  the  process  of  evapor.-itit>n.  They 
have  not  been  ilecomjiosed,  nor  their  chemical  projK-rties  altercil.  On 
the  other  han<l,  the  hydrogen  and  oxygen  of  the  water  were  not  jtroxi- 
mute  principles  of  the  original  solution,  and  «lid  not  exist  in  it  under 
their  own  forms,  but  only  in  a  state  of  combination;  forining,  in  this 
condition,  a  fluid  substance  (water),  euilowe<.i  with  sensible  jiroperties 
entirely'  dilferent  from  theirs.  If  we  wish  to  ascertain,  accordingly,  the 
nature  auil  properties  of  a  saccharine  solution,  it  will  alT<»rd  m>!  but 
little  satisfaction  to  extract  its  ultimate  ciiemical  elements;  for  its 
nature  and  [jroperties  depend  not  so  much  on  the  presence  in  it  of  the 
tdtimnte  elements,  ox3-gen,  hydrogen,  and  carbon,  as  on  the  particular 
foi-ms  of  combination,  namely,  water  aud  sugar,  under  which  they  are 
present. 

It  is  very  essential,  therefore,  that  in  extracting  the  proximate  prin- 
ciples from  the  animal  body,  only  such  means  should  be  adoptetl  as  will 
isolate  the  substances  already  existing  in  the  tissues  aud  fluids,  wlthnut 
decomposing  them,  or  altering  their  nature.  A  neglect  of  this  rule 
would  lead  to  erroneous  results  in  the  pursuit  of  physiological  chemis- 
try; for  by  subjecting  the  animal  tissues  to  the  action  of  acids  and 
alkalies,  of  prolonged  boiling,  or  of  too  intense  heat,  we  might  f>btaiu, 
at  the  eud  of  the  analysis,  substances  which  would  not  be,  properly 
6p«'akiug,  pniximate  prin<l[)lcs,  but  only  the  remains  of  an  altered  and 
disorganized  material.  Thus,  the  fibrous  tissues,  if  boiled  steadily  for 
thirty-six  hours,  dissolve,  for  the  most  part,  at  the  eud  of  that  time, 
iu  the  boiling  water;  and  on  cooling  the  whrtle  Sfdutiou  solidifies  into  a 
homogeneous,  jelly-like  ^iubstanee,  wliieh  luis  received  the  name  of 
gelatine.    But   this  gelatine  does  not  really  exist   in  thu  bod^  a&  «. 


proximate  pritit-iplo,  sinco  the  filiroiLs  tissue  whit:li  prodiices  it  is  not  at 
first  soluble,  even  in  b*>iiing  water,  and  its  ingredients  become  altered 
and  converted  into  a  gelatinous  uoatter  onl^'  by  iMolongcd  ebullition. 
So,  a^ain,  an  animal  sub^jtance  containing  the  ulkirline  acetates  or  lac- 
tates wiil,  ujion  incineration  in  the  air,  yield  carbonates  of  the  same 
basea,  the  original  acid  having  been  destroyed,  and  replaced  by  car- 
bonic acid.  In  either  case,  the  analysis  of  the  tissue,  so  conducted, 
Would  lie  a  deceptive  one,  and  usoless  for  anatomical  and  physiological 
purposes,  because  its  real  ingredients  have  been  decomposed,  and  re- 
placed by  others,  in  the  process  of  nmnipulation. 

It  should,  therefore,  be  kept  constantly  in  view,  in  the  examination 
of  an  animal  tissue  or  tluid,  that  the  object  of  the  operation  is  8irai)ly 
the  aefHrraliuii  u/i'tn  tivjreilit'nta  from  each  olher^  and  not  their  decom- 
position or  ultimate  analysis.  Only  the  simplest  forms  of  chemical 
manipulation,  if  possible,  should  be  employed.  The  substance  to  be 
examined  should  first  be  subji^ted  to  evaporation,  in  order  to  extract 
and  estimate  its  water.  This  evaporation  must  lie  conducted  at  a  beat 
not  above  10D°  (ai20  y.)^  since  a  higher  temperature  would  destroy  or 
alter  some  of  the  animal  ingredients.  Then,  from  the  dried  residue, 
sodium  chloride, alkaline  sulphates,  carbonates,  and  [ihosphates  may  be 
extracted  with  water.     Coluriug  matters  may  lie  separated  by  alcohol^ 


^B      and  oils  may  be  dissolved  out  by  etbcr.     When  a  chemical  decomposi-    fl 

^      tion  is  una  void  al.)le,  it  must  be  kept  in  sight  and  afterward  corrected.    H 

Thus  the  sodiiini   glycocholah'  of  tlie   bile  is  seimratcd  from  certain     H 


other  ingredients  by  pn'ct|>it.atiug  it  with  plumbic  acetate,  forming  lead 
glycocholate -,  but  this  is  jifterwarils  decomposed,  in  its  turn,  by  sodium 
carbotiHte,  reproducing  the  original  sodium  glycocholate.  Sometimes 
it  is  impossible  to  extract  a  proximate  |>nnciple  in  an  entirely  unaltered 
form.  Thus  the  flbrine  of  the  blood  can  bc'  8c-[iaratcd  only  by  allowing 
it  to  coagulate ;  and  once  coagulated,  it  is  permanently  altered,  an<l  no 
longer  presents  its  original  characters  as  an  ingredient  of  the  blood. 
In  each  instances  as  this,  we  can  only  make  allowance  for  an  unavoid- 
able dilliculty,  and  endeavor  by  otlicr  means  to  ascertain  under  what 
form  the  substance  originally  existed  in  the  animal  fluids,  being  careful 
that  the  substance  suirers  no  further  alteration.  liy  bearing  in  mind 
the  above  conaideratiouH,  we  may  form  a  tolerably  correct  estimate  of 
the  nature  and  quantity  of  nil  the  proximate  principles  in  the  tissue  or 
fluid  under  examination. 

The  manner  m  which  the  proximate  princi[»los  are  associate<l  to- 
gether ia  also  deserving  of  notice.  In  every  animal  solid  and  fluid, 
there  is  a  conRi<lerablo  number  of  proximate  principles  which  arc 
present  in  certain  proportion;^,  and  which  are  ho  united  with  each  other 
that  the  mixture  presents  a  homogeneous  appearance.  But  this  unioti 
is  of  a  complicated  ch.aractcr;  and  the  presence  of  each  ingredient  de- 
pends, to  a  certain  extent,  upon  that  of  tluj  others.  Some  of  them, 
sucli  as  tiie  alkaline  carbimates  and  phosjthates,  are  in  solution  directly 


I 
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^_       in  the  water.     Some,  whick  are  insoluble  in  water,  are  retained  iu  sola-    ^ 
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lion  by  the  presence  of  other  soluble  substances.  Tbua,  the  insoluble 
lime  l>hof^|>bato  of  tlie  iiriue  is  held  in  sululioi)  by  the  acid  reaction  of 
the  sfxlium  biphospliate,  which  is  also  present  rs  nu  ingredient,  in  the 
alkaline  l>lood-plasina,  on  the  other  hand,  the  lime  phosphate  is  licitie- 
fied  by  union  with  the  albumen,  which  is  itself  soltvble  in  the  water  of 
Ihe  plasma.  The  same  substance  may  be  fluid  in  one  part  of  the  body, 
an<l  solid  in  another  part.  Thus  in  the  blood  and  sccietinns  the  water 
is  fluid,  and  holds  in  solution  other  substances,  hoth  animal  and  mine- 
ral, while  in  the  bones  and  cartilages  it  is  solid — not  crystal lizc<l,  as  in 
ice,  bnt  amorphous  and  solid,  by  the  fact  of  its  intimate  union  with  the 
niiim:il  antl  saline  ingredients,  which  are  abundant  in  qunntity,  tind 
which  are  themselves  present  in  the  solid  form.  Again,  the  lime  phos- 
phate of  the  blood  is  fluid  by  solution  in  the  albumen;  but  in  the  bones 
it  forms  a  solid  substance  with  the  animal  matter  of  the  osseous  tissue; 
and  yet  tlie  union  of  the  two  is  ns  intiniato  nud  boraogeneons  in  the 
biJiies  as- in  the  blood.  A  jiroximate  principle,  therefore,  never  exists 
alone  in  nny  pnrt  of  the  body,  but  is  always  intiuifitfly  associated  with 
a  numl)er  of  others,  b}'  a  kind  of  homogeneous  mixture  or  mutual  solu- 
tion. 

Every  animal  tissue  and  fluid  contains  a  number  of  proximate  prin- 
ciples which  are  present,  os  we  have  already  mentionetl,  in  certain 
olmracteristic  proportions.  Thus,  water  is  present  in  very  large  qunn- 
tity in  the  perwpiration  and  the  saliva,  but  in  very  small  quantity  in 
the  bones  and  teeth.  Sodium  chloriile  is  comparatively  abuuibmt  in 
the  bl(H)<)  and  deGcient  in  tlie  muscles.  On  the  other  hand,  potas^iiira 
chloride  is  more  abtmdant  in  the  muscles,  Icis  bo  in  the  blood.  Bnt 
these  pro]>ortion8  are  nowhere  absolute  or  invariable.  There  is  a  groat 
dilTereuce,  in  this  respect,  between  the  chemicsd  composition  of  an  inor- 
ganic substance  and  the  physiological  constitution  of  an  animal  fluid. 
The  former  is  always  constant  and  definite;  the  latter  always  presents 
certain  variations.  Thus,  water  is  always  composed  of  exactly  the 
same  relative  quantities  of  hydrogen  and  oxygen;  and  if  these  iiropor- 
tions  l»e  altered  in  the  least,  it  thereby  ceases  to  be  water,  and  is  con- 
verted into  some  other  suiistance.  •  I>ut  in  the  urine,  the  proportions 
of  water,  urea,  urates,  phosphates,  etc.,  vary  within  certain  limits  in 
ditfereul  individuals,  and  even  in  the  same  individual,  from  one  hour 
to  another.  This  variation,  which  is  almost  constantly  taking  place, 
within  the  limits  of  health,  is  presented  by  nil  the  animal  solids  ami 
fluids.  It  la  even  a  necessary  accompaniment  of  the  actions  of  life,  and 
oue  of  the  characteristic  phenomena  of  living  beings.  P^or  all  jmrts  of 
the  lioily  are  composed  of  diflerent  ingredients  which  are  snpiilied  by 
absorption  or  formed  in  the  interior,  and  which  are  constantly  given 
up  ag.ain,  under  the  same  or  diflierent  forms,  to  the  surrounding  media 
by  the  unceasing  acti\'ity  of  the  vitnl  pioccsses.  Every  variation,  then, 
in  the  general  condition  of  the  bodV)  as  a  whole,  is  accompanied  by  a 
corresponding  variation,  more  or  less  pronounce<l,  in  tlie  constvtv\\.vo\\ 
of  its  dilferent  parts.     This  constitution  is  conseijueutly  ot  a  xevj  dVt- 
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ferent  character  from  the  chemical  constitution  of  an  oxide  or  a  salt. 
Whenever,  therefore,  we  meet  with  the  analysis  of  an  animal  fluid,  in 
which  the  relative  quantity  of  its  different  ingredients  is  expressed  in 
numbers,  we  must  understand  that  such  an  analysis  is  always  approxi- 
mative, and  not  absolute. 

Tlie  proximate  principles  ore  naturally  divided  into  five  different 
classes. 

The  first  of  these  classes  comprises  all  the  proximate  principles  which 
are  purely  inorqanio  in  their  nature.  These  principles  are  derived 
mostly  from  the  exterior.  I  They  are  found  everywhere,  in  the  inorganic 
world  as  well  as  in  organized  bodies;  and  they  present  themselves  under 
the  same  forms  and  with  the  same  properties  in  the  interior  of  the 
animal  frame  as  elsewhere.  \  They  are  crystallizable,  and  they  present 
/  very  definite  chemical  characters  and  have  a  comparatively  simple  chemi- 
cal constitution.  I  They  are  compounds,  in  simple  proportions,  of  the 
ultimate  chemical  elements,  hydrogen  and  oxygon,  the  metals  of  the 
alkaline  and  earthy  salts,  sulphur,  phosphorus,  chlorine,  and,  in  general 
terms,  of  the  ingre<lients  of  mineral  substances.  They  comprise  water, 
which  is  the  most  abundant  of  its  class  in  the  animal  frame,  sodium 
and  potassium  chlorides,  phosphates,  and  sulphates,  alkaline  carbonates, 
the  salts  of  lime  and  magnesia,  together  with  combinations  of  a  few 
other  of  the  metallic  elements  in  minute  quantity. 

The  second  class  of  proximate  principles  consists  of  the  hydbocar- 
BONACEons  substances  of  organic  origin.  They  are  distinguished  from 
inorganic  matters  first  by  the  fact  of  their  containing  carbon  in  large 
proportion  as  one  of  their  immediate  constituents,  associated  always 
with  hydrogen  and  oxygen,  but  with  no  other  chemical  element.  They 
are  always  either  crystallizable,  or  else  readily  convertible  into  other 
crystallizable  members  of  the  same  group.  Their  chemical  composition 
is  less  simple  than  that  of  inorganic  substances,  but  it  is  still  sufficiently 
definite,  and  their  chemical  characters  are  well  marked  and  easily  recog- 
nizable. Tliey  first  make  their  appearance  in  the  interior  of  organized 
bo<lies,  and  are  not  found  in  the'  inorganic  world,  excepting  as  the 
remains  or  products  of  animal  or  vegetable  life.  To  this  group  belong 
the  several  varieties  of  starch,  sugar,  and  oil. 

The  third  class  cf)mprises  the  albuminous,  or  nitrogenized  proximate 
principles.  These  substances  derive  their  name  from  the  albumen  or 
white  of  egg,  which  was  one  of  the  earliest  to  be  studied,  and  which 
was  long  considered  as  a  kind  of  representative  of  the  whole  class. 
They  differ  from  the  substances  of  the  two  preceding  groups,  especially 
in  the  fact  that  they  contain  nitrogen  as  an  ingredient,  in  addition  to 
the  three  elements  of  the  hydrocarbonaccous  matters.  TJiej  are  e^u- 
sively  of  organic  origin,  appearing  only  as  ingredients  of  the  living  Iwd}-. 
Their  chemical  constitution,  furthermore,  is  a  complicated  one — that  is, 
their  four  elements  are  united  with  each  other  in  such  a  way  as  to  foi-ra 
compounds  of  a  very  high  atomic  weight.    Their  chemical  characters 
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are  not  well  defined,  as  compared  witli  those  of  inorgauie  substances, 
and  their  most  striking  properties  are  not  such  as  can  be  aucounteil 
for  by  ordinary  chemical  reactions  or  expressed  in  the  usual  chemical 
phraseology.  Nevertheless,  they  are  of  the  first  importance  as  ingredi- 
ents of  the  organized  frame,  since  they  form  a  large  proportion  of  its 
mass,  and  contribute,  by  their  peculiar  proi>eities,  to  its  most  essential 
and  characteristic  active  plienomena.  They  include  such  substances  as 
albumen,  fibrine,  caseine,  and  myosine. 

The  fourth  class  is  formed  by  the  coloring  matters.  I'hese  sub- 
stances, upon  which  the  different  tints  of  the  solids  and  fluids  depend, 
are  present,  for  the  most  part,  in  small  quantity,  the  most  abundant 
being  the  red  coloring  matter  of  the  blood. 

Lastly,  in  the  fifth  class  are  comprised  a  group  of  crtstallizable 
MITROOENOUS  MATTERS,  many,  if  not  all,  of  which  are  derived  from  the 
physiological  metamorphosis  of  albuminous  principles.  They  are  found 
in  some  of  the  solid  tissues,  as  the  brain  and  nerves,  in  the  secretions 
of  the  liver,  and  especially  in  the  urine,  where  they  represent  the  pro- 
ducts of  excretion. 


CHAPTER    II. 

INORGANIC  PROXIMATE   PRINCIPLES. 

The  inorganic  substances  are  present  in  the  animal  body  in  great 
variety.  Some  of  them,  sucti  as  water  and  the  salts  of  lime,  constitute 
also  a  large  proportion  of  the  mass  of  the  tissues  and  fluids  in  which 
they  are  found ;  others  pi'eseiit  themselves  in  comparatively  small 
quantity.  Some  of  tliem  are  found  universally  in  all  regions  of  the 
body,  while  others  are  met  with  only  in  particular  tissues  or  fluids;  but 
there  are  hardly  any  which  do  not  appear  at  the  same  time  as  con- 
stituents of  several  different  parts.  As  their  name  indicates,  these 
substances  are  met  with  extensively  in  the  inorganic  world,  and  form  a 
large  part  of  the  crust  of  the  earth.  Notwithstanding,  however,  their 
inorganic  nature,  they  arc  also  essential  constituents  of  the  animal 
frame.  They  are  accordingly  necessary  ingredients  of  the  food  and 
drink,  and  no  regimen  would  be  capable  of  supporting  life  indefinitely 
which  did  not  contain  these  materials  in  due  proportion. 

The  group  of  inorganic  proximate  principles  includes  the  following 
substances : — 

Water ;  Potassium  phosphate ; 

Sodium  chloride ;  Potassium  sulphate ; 

Sodium  phosphate ;  Potassium  carbonate  ; 

Sodium  bt phosphate  ;  Lime  phosphate  ; 

Sodium  sulphate ;  Lime  carbonate  ; 

Sodium  carbonate ;  Magnesium  pliosphatc ; 

Potassium  chloride ;  Magnesium  carbonate. 

Beside  the  above-named  proximate  principles  there  are  found,  as 
constant  ingredients  of  the  incombustible  residue  of  various  parts  of 
the  human  body,  iron,  silica,  and  fluorine  ;  but  it  is  not  certainly  known 
in  what  form  of  combination  these  substances  originally  existed  in  the 
animal  solids  and  fluids.  Sometimes,  but  not  always,  there  are  indica- 
tions of  the  presence,  in  minute  quantity,  of  copper,  manganese,  and 
lead,  also  in  some  unknown  forms  of  combination. 

The  most  important  of  the  inorganic  proximate  principles,  considered 
in  regard  to  their  quantity  or  the  part  which  they  play  in  the  vital 
actions,  are  the  following: — 

1.  Water,  H,0. 
Water  Is  universally  present  in  all  the  tissues  and  fluids  of  the  body. 
It  is  abundant  in  the  bloo<l  and  secretions,  where  its  presence  is  indis- 
(40) 
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pcnsnble  in  onler  to  give  them  the  fluidity  which  is  necessary  to  the 
{lerformance  of  their  functions ;  f«>r  it  is  by  the  blood  and  secretions 
that  u§w  substances  are  introduced  into  the  bo^v,  a»d  old  ingretlients 
discharged.  And  it  is  ii  necessary  condition  both  of  the  iutrmluction 
and  disclinrge  of  substances  naturally  solid,  tliat  they  nesume,  for  the 
time  being,  a  fluid  form  ;  water  is  therefore  an  esscnliul  ingredient  of 
the  fluids,  for  it  holds  their  solid  materials  in  solution,  and  enuldes  them 
to  pass  and  reiiass  through  the  »iiiin:(l  frame. 

But  water  is  an  ingre<iieut  ulso  of  the  solids-  For  if  we  take  a  muscle 
or  A  cartil»ge,  and  expose  it  to  a  gentle  heat  in  dry  dir,  it  loses  water 
by  eva|K)ration,  diminishes  in  size  and  weight,  axnl  becomes  deiise  and 
stiff.  Even  the  bones  and  teetli  lose  water  by  eAai^jration  in  this  way, 
though  in  smaller  quantity.  In  all  these  solid  and  semi-solid  tissues, 
the  water  which  they  contain  is  useful  by  giving  them  the  si)eciul  con- 
sistency which  is  characteristic  of  them,  and  which  would  be  lost  without 
it.  Tiius  a  tendon,  in  its  n.<itiir:d  con<lition,  is  white,  glistening,  and 
opaque;  and  though  very  strong,  perfectly'  flexible.  If  its  water  be 
exjwlled  by  evaporation  it  becomes  yellowish  in  color,  shrivelled,  semi- 
trinisparent,  inflexible,  and  unfit  for  ix-rforming  its  mechanical  functions. 
The  same  thing  is  true  of  the  other  tissues,  such  as  that  uf  the  skin,  the 
muscles,  the  cartilages,  and  the  ghinds. 

The  following  is  a  list,  compiled  by  Robin  and  Yerdei!  from  various 
obaen'crs,  showing  the  proportion  of  water  per  thousand  parts,  in  dif- 
ferent solids  and  fluids: — 


QoANTrrY  or  Watkr  in  IflflO  parts  in 


Teeth 
-Bones 
Ciirf  ilagG 

Ligaments 
-  Kruiu 
.  Hl.x>d 

SyooTinl  fluid 


100 

_BiIe. 

130 

-Milk 

550 

4*iincreatic  juice 

TfiO 

—Urine 

768 

Lymph     . 

789 

Gastric  juice     . 

795 

-  Perspiration     . 

805 


yali^ 


880 
H87 
900 
936 
900 
-^75 
986 
995 


According  to  the  best  calculations,  water  constitutes,  in  the  human 
subject,  about  seventy  per  cent,  of  the  entire  weight  of  tiie  body. 

The  water  which  thus  forms  a  part  of  the  animal  frame  is  derived 
mainly  from  without.  It  is  taken  in  the  dilferent  kinds  of  drink,  and 
also  forms  an  abundant  ingredient  in  the  various  articles  of  food.  For 
no  articles  of  foo<l  are  taken  in  an  absolutel3'  dry  state,  but  nil  contain 
a  larger  or  smaller  tiuantity  of  water,  wbieli  may  readily  be  expelled  by 
evaporation.  The  (juanttty  of  water,  therefore,  which  is  daily  taken  into 
the  system,  cannot  be  ascertained  in  any  case  by  siui|»ly  measuring  the 
quantity  of  drink,  but  its  proportion  in  the  solid  food,  taken  nt  tlie  same 
.time,  must  also  Ite  determined  by  expi'riment,  and  this  ascertaineil 
'quantity  added  to  that  which  is  taken  in  with  tlie  fluids.  By  measuring 
the  quantity  of  fluid  taken  with  the  drink,  and  calculating  in  addvUoiL 
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the  proportion  existing  in  the  solid  food,  we  have  found,  in  common 
with  the  results  formerly  obtained  by  Barral,  that,  for  a  healthy  adult 
man,  the  average  quantity  of  water  introduced  into  the  system  is  about 
2000  grammes  per  day. 

There  is  every  reason  to  believe  that  a  certain  qaantity  of  water  also 
makes  its  appearance  within  the  body  by  the  liberation  of  its  elements 
from  various  organic  combinations.  This  is  shown  b}'  the  fact  that  a 
considerable  quantity  of  hydrogen  is  daily  introduced  into  the  system 
as  a  constituent  element  of  the  organic  substances  of  the  food,  while 
only  a  small  part  of  this  quantity  reappears,  under  similar  forms  of 
combination,  in  the  excretions.  The  most  reliable  estimates,  in  this 
respect,  are  as  follows : — 

Ateragk  Daily  Quantity  op  Hydrogen 

Introduced  in  organic  combinations  with  the  food  ...  .40  grammes. 
Discharged    "  "  "       excretions .        .        .      6        " 

Residue  unaccounted  for 34        " 

Thns  not  more  than  fifteen  per  cent,  of  the  quantity  introduced  is 
discharged  in  the  organic  ingredients  of  the  excretions.  But  no  hydro- 
gen is  exhaled  from  the  body  in  a  free  state,  nor  in  notable  quantity  in 
any  other  form  of  inorganic  combination  except  water.  The  surplus 
must,  therefore,  pass  out  as  part  of  the  water  or  watery  vapor  which  is 
constantly  being  discharged  from  various  organs.  The  estimates  given 
above  indicate  that  a  little  over  300  grammes  of  water  are  daily  pro- 
duced in  the  body  in  this  way.  As  we  shall  hereafter  see,  an  important 
class  of  the  organic  ingredients  of  the  food  already  contain  hydrogen 
and  oxygen  in  the  relative  quantities  necessary  to  form  water;  and, 
when  decomposed  in  the  system,  may  readily  yield  these  elements  in  the 
required  proportions. 

Furthermore,  although  it  has  not  yet  been  proved,  in  any  particular 
case,  that  more  water  is  discharged  from  the  system  than  can  be  ac- 
counted for  by  that  introduced,  j'et  a  comparison  of  the  average  results 
obtained  by  different  observers,  always  tends  to  show  a  surplus  of  water 
in  the  entire  excretions,  varying  from  200  to  500  grammes  over  and 
above  that  introduced  with  the  food  and  drink.  The  quantity  of  water, 
however,  thus  produced  in  the  body  is  small  in  comparison  with  that 
which  is  introduced  and  dischai^ed  under  its  own  form. 

While  in  the  interior  of  the  living  bodj',  water  takes  part  in  the  vital 
functions  principally  b}'^  its  physical  properties.  It  is  the  universal 
solvent  for  all  the  ingredients  of  the  animal  fluids,  holding  them  in  solu- 
tion either  by  its  direct  liquefying  i)ower,  or  by  the  aid  of  other  sub- 
stances which  are  themselves  soluble.  It  tlius  enables  the  nutritious 
elements  of  the  food  to  find  their  way  into  the  circulating  fluid,  and  to 
penetrate  the  substance  of  the  solid  organs.  It  permeates  the  organized 
membranes  of  the  body  and  brings  into  contact  witli  eacli  other  the  in- 
organie  aad  organic  materials  of  various  parts,  and  enables  them  to 
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KiiAtime  new  forms  by  Iht'lr  niutiinl  rfactions.  In  this  wny  it  is  subser- 
vient to  all  the  phcnotuciiH  of  nl)sor|)tion,  transiulatioii,  exhalation,  nuil 
v\'vn  of  chemical  union  and  (lecomi)osition,  which  make  up  the  intenial 
nutritive  functions  of  the  animal  frame. 

After  forming  part  of  the  onimnl  solids  and  fluids,  and  playing  its 
part  ill  the  vital  proceasea  of  tlie  iiitcriur,  llie  water  is  agniti  discharf^cd; 
for  its  presence  in  tiic  bodj-,  like  that  of  all  the  otlier  proximate  jjiinci- 
ples,  U  not  |)crmanent,  but  only  temporary.  It  makes  its  exit  from  tlie 
bo«ly  b^'  four  ditTerent  passages :  namely,  in  a  litjtiid  form  with  the  urine 
and  feces,  ami  in  the  form  of  vapor  liy  the  hiiif.'-*  and  Hkiu.  The  actual 
qu.'uitity  which  is  expelled  in  each  case  is  not  uniform,  but  varies  accord- 
ing to  circumstances.  Thus,  if  the  kidneys  be  umisually  active,  the 
watery  ingredients  of  the  urine  will  be  temporarily  increased  in  quantity, 
while  the  eutfuieous  pcrsjjirntion  will  be  diminished;  and  tlie  state  of 
the  atmosphere  and  the  rapidity  of  respiration  will  induencc  for  the 
time  the  amount  of  waterj''  vapor  exhaled  bj'  the  lungs  and  skin.  Still 
there  is  a  well-marked  average  relation  between  tlie  functional  netivitj* 
of  the  various  organs  and  the  daily  quantity  of  their  excreted  fluids.  It 
a|)pearH  from  a  comparison  of  the  researches  of  Lavoisier  and  Seguin, 
Valentin,  and  other  observers,  that  the  water  wliich  is  tiius  discharge<l 
from  the  system  finds  its  wa}'^  out  by  these  different  routes  nearly  in  the 
following  proportions : — 


!{}•  exhuliitioii  from  the  Innjirs 
hy  the  ciitaiicoua  perspirution 
By  the  urine  and  feces    . 


20  per  cent. 

50 


"While  only  four  pt^r  cent,  of  the  water  is  expelled  with  the  feces, 
ninety-six  iMjr  cent,  passes  out  l)y  the  hmgs,  the  skin,  ami  the  kidijcys. 
It  is  evident,  therefore,  that  at  least  the  main  bulk  of  the  water 
taken  in  with  the  food  does  not  simply  pass  through  the  alimentary 
canal,  but  is  taken  up  by  the  mucous  niembninps,  enters  the  circulating 
flui<l,  and  forms  a  tem|>orary  constituent  of  the  solid  tissues  of  the 
body.  As  it  apix^ars  in  the  secretions  it  also  brings  with  it  various 
ingredients  which  it  has  absorbed  from  the  substance  of  tlie  glandular 
organs;  ami  when  finrdly  discharged  it  is  mingled  in  the  urine  and  feces 
with  salts  and  excrenK'UtitiouH  matters,  wliich  it  Imhls  in  solution,  an<l 
in  the  cutaneous  and  pulmonary  exhuhitions,  with  animal  vajwrs  and 
odoriferous  materials  of  various  kintls.  In  the  persjnration  it  also  eon- 
tains  mineral  sulpliates  and  chlorides,  which  it  leaves  behind  on  evapo- 
ratioo. 


2.  Lime  Phosphate,  Ca,P,Oe. 
This  substance  exists  as  an  ingredient  of  all  the  aiu'mnl  solids  and 
fluids  without  exception.  So  far  as  regards  its  mass,  it  is,  next  to 
water,  the  most  important  of  the  inorganic  constituents  of  tlie  body,  as 
its  entire  quantity  h  far  greater  than  that  of  any  other  of  the  mineral 
salts.     For,  although  it  is  not  especially  abundant  in  Iho  ft\iv\*  axvA. 
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the  softer  tissues,  it  forms  more  than  ouc-half  the  substance  of  the  bones. 
It  is  estimated  by  Barral,  tliat  the  osseous  tissues  constitute  6.4  per 
cent,  of  the  entire  mass  of  the  body ;  and  the  lime  phosphate  forms  on 
the  average  from  57  to  58  per  cent,  of  the  substance  of  the  bones.  This 
■would  give,  for  a  man  weighing  65  kilogrammes,  or  143  pounds  avoir- 
dupois, 2400  grammes  of  the  calcareous  salt  in  the  whole  body.  Its^^j 
proportion  in  various  tissues  and  fluids  of  the  human  system  is  'as 
follows : — 

QUANTITT  OF  LiMK  PHOSPHATE  IN  1000  PaRTS  IN  THB 

Enamel  of  the  teeth       .  885  Milk  ....  2.72 

Deatlue  ....  643  Blood  ....  0.30 

Bones     ....  576  Bile  ....  0.92 

Cartilages      ...  40  Urine  ....  0.75 

Notwithstanding,  therefore,  the  large  quantity  of  lime  phosphate  In 
the  body  as  a  whole,  it  is  evident,  from  an  inspection  of  the  preceding 
list,  that  nearly  all  of  it  is  deposited  in  the  more  solid  tissues ;  while  it 
is  present  in  but  slender  proportion  in  the  animal  fluids.  Of  these 
fluids  it  is  the  milk  alone  which  contains  lime  phosphate  in  notable 
quantity,  and  here  it  is  plainly  subservient  to  the  ossification  of  the 
growing  bones  of  the  young  infant,  for  whom  the  milk  is  used  as  food. 
/In  the  circulating  fluids,  the  internal  secretions,  and  the  urine,  on  the 
\  other  hand,  the  calcareous  salt  is  in  small  amount.  Its  importance  in 
the  body  depends  mainly  upon  its  simple  physical  property  of  impart- 
ing rigidity  to  the  solid  tissues,  rather  than  upon  its  active  qualities  in 
the  general  phenomena  of  nutrition. 

In  the  solid  tissues  it  is  associated  with  other  earthy  and  alkaline 
salts,  but  preponderates  largely  over  them  in  amount.  In  the  bones, 
/  the  quantity  of  lime  phosphate  is  ft"om  5  to  6  times  greater  than  that  of 
all  the  other  mineral  ingredients  taken  together. 

In  the  bones,  teeth,  and  cartilages,  the  lime  phosphate  exists  in  a 
solid  form ;  not,  however,  deposited  mechanically  in  the  osseous  or 
cartilaginous  substance  as  a  granular  powder,  but  intimately  united 
with  the  animal  matter  of  the  tissues,  like  coloring  matter  in  colored 
glass,  the  union  of  the  two  forming  a  homogeneous  material.  It  is  not, 
on  the  other  hand,  so  combined  with  the  animal  matter  as  to  lose  its 
identity  and  constitute  a  new  chemical  substance,  as  where  hydrogen 
combines  with  oxygen  to  form  water ;  but  rather  as  salt  unites  with 
water  in  a  saline  solution,  both  substances  retaining  their  original  charac- 
ter and  composition,  though  so  intimately  associated  that  they  cannot 
be  separated  by  mechanical  means.  The  lime  phosphate,  therefore,  may 
be  extracted  from  a  bone  by  maceration  in  dilute  muriatic  acid,  leaving 
behind  the  animal  substance,  which  still  retains  the  oiiginal  form  of  the 
bone  or  cartilage. 

In  all  the  solid  tissues  the  lime  phosphate  is  useful  by  giving  to 
them  their  proper  consistence  and  solidity.  For  example,  in  the  ena- 
mel of  the  teeth,  the  hardest  tissue  of  the  body,  it  predominates  very 
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niach  over  the  animal  matter,  ami  is  present  in  greiiter  alnunlance  there 
than  in  any  other  part  of  the  frame.  Iti  the  dentine,  a  softer  tissue,  it 
is  in  Somewhat  siuiiller  quantity,  mid  in  the  hones  sinallcr  still;  though 
in  the  bone;*  it  cnutiuues  to  form  more  than  one-half  the  entire  ninss 
of  the  osseous  tiissue.  The  importance  of  this  substance,  in  coiu- 
mitnicaling  to  bones  their  uutiirjil  stiHuess  and  consistency,  may  be 
rrndily  shown  by  the  idteriition  which  they  sutler  from  its  removal.  If 
a  long  bone  lie  macerate<l  in  ililute  muriatic  acid,  the 
earthy  salt,  as  already  myntioued,  is  dissolveil  out, 
after  which  the  bone  loses  its  rigidity,  and  may  be 
lient  or  twisted  in  any  direction  without  breaking. 
(Fig.  I.) 

In  the  formation  of  the  bony  skeleton,  during  foetal 
life,  infancy,  and  childhood,  the  cartilaginous  sub- 
stance previously  existing  is  replaced  by  osseous 
matter,  which  contains  a  larger  proportfnn  of  calcare- 
ous salts;  while  the  anatomical  texture  of  the  parts  is 
also  changed,  giving  rise  to  the  charact*'ristic  forms 
of  bony  tissue.  [  This  progressive  consolidation  of  the 
framework  of  the  botly  is  known  as  tlie  process  f>f 
"ossification."  In  some  instances  this  process  is 
defective,  owing  to  pjirtial  failure  in  the  powers  nf 
assimilation;  and  as  the  rigidity  of  the  skeleton,  ae- 
cordingly,  does  uot  increase  as  it  shotdd  do  in  propor- 
tion to  the  weiglit  of  the  budy  and  to  muscular  action, 
the  bones  Iwcorae  gradually  bent  and  deformed,  some- 
times to  an  exlraonlinary  degree.  This  affection  has 
ret^ived  the  name  of  Bach  ft  in. 

A  somewhat  siiuilar  result  is  produced  by  a  morbid 
softening  of  the  bones,  which  sometimes  comes  on  in 
•dull  life,  known  as  Oi^tfomalnkia.  In  this  disease 
the  bony  fabric,  afler  its  formation,  becomes  altered 
in  texture  and  comj^sition;  and,  the  new  substance  which  takes  its 
)>lace  being  deflcieut  in  calcareous  matter,  a  progressive  yielding  and 
deformity  of  the  skeleton  takes  place,  like  that  which  ha[ipcns  iu  cases 
of  rachitis. 

/in  the  plasma  of  the  blond  the  lime  ptiosphntc.  thnujrh  insoluble  in 
simple  alkaline  watery  liquids,  is  held  in  solution  by  its  imion  with  the 
albuminous  inqredjentsj  It  has  been  shown  by  Fokker  that  the  earthy 
phosphates  added  to  wltite  of  ecg  unit^  with  the  albuminous  matter  and 
lieeome  soluble  in  considornblc  proportion.  This  explains  the  presence 
of  lime  pho8[)hate  in  a  liquid  furra  both  in  the  blood  and  in  the  milk, 
both  fluids  which  have  an  alkaline  reaction,  j  In  the  urine,  on  tiie  other 
hand,  it  is  held  in  solution  by  the  presence  of  the  acid  sodium  biphos- 
phate.  1  Accordinirly,  wlu-ut>ver  the  urine  is  rendered  alkaline  by  the 
a<Idition  of  soda  or  potassa,  the  earthy  phosphati's  arc-  precipitateil  in 
the  form  of  a  white  turbidity. 
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The  source  of  tlie  liiiio  |>liu.sph:ite  of  lbL>  atiimtd  s<:>li(lH  uiui  fliti)1»  is  in 
the  I'oml.  Tbis  Bubslttucc  cxUl:^  in  uuuiiy  wery  aiiiiuiil  mul  vegelaV>le 
alimentaiy  matLer  iu  i:ouimori  use.  It  is  found  not  ouly  iu  muscular 
Hesh,  eggs,  mul  milk,  wud  iu  ull  tlie  cvi«il  grains,  us  wbeul,  rye,  ont^^ 
biuit;}',  uiaize,  ttml  rice,  IjuL  also  iu  [k^us  autl  bL-aiiH,  tlie  uuttitivo  talnMS 
and  I'ootK,  lis  puUitoes,  beets,  turiii^^s^  ami  cfinvts,  auU  even  iu  ttie 
juiey  fi'uiU),  sucii  as  ihv  apple,  peur,  [ilarn,  auil  cberry. 

Alter  forming  for  ii  time  a  eou*tituent  part  of  the  body,  tlit>  lime 
phospbate  is  ag.-iin  iliscliHrged  with  tbe  excrelious,  but  very  slowly  aud 
iu  siuull  amouuL  Aecot'diug  to  the  ubservatious  of  Neubauer  ami 
Beneke  ubout  0.4  gi-amme,  ou  the  average,  is  daily  ex]>elled  with  tbe 
urine.  A  sligliLly  larger  quantity  is  jilso  fouu<l  in  the  feces,  but  tliis 
may  be  only  Ibe  resiiUie  derived  from  tbe  uudigested  )>ortioQ  of  the  food. 
(July  tnices  of  it  are  to  Ik:  detected  iu  the  perspiration.  As  so  large  a 
quantity  of  this  salt,  tbeivlore,.  i-i  contained  iu  tbe  ho<ly,  while  so  smull 
a  |iro|>ortion  i»  exitelled  daily  with  tl>e  excretionA,  it  is  evidently  to  l>e 
regarded  as  one  of  tbe  more  |>erraanent  constituent*  of  the  frame;  Iwing 
comparatively  inactive  in  tbe  process  of  iiiterual  UTetamorphosis,  and 
serving  for  the  most  part  as  a  phyaieal  ingredient  of  tbe  solid  tittaues. 

3.  Lime  Carbonate,  CaCO,. 

Lime  carboiiato  is  to  be  fount!  in  the  liones,  tlie  teeth,  the  Mood,  t!»e 
lymph  and  chyle,  tbe  saliva,  and  st>metinies  in  the  urine.  In  all  these 
Bituatiou:^  it  iti  normally  in  much  Bumller  pniix)rtion  than  tbe  calcareous 
jihoHphate  wtlb  wbieh  it  is  asaoeiated.  In  ti»e  hones,  however,  it  is  next 
iu  iniportance  tu  tlie  lime  pbosphaU.',  being  on  the  nverage  one-bevenlh 
as  abuudiuit  as  that  eult,  imcl  mucli  more  so  than  any  of  the  remaining 
mineral  ingredients.  In  the  animal  fluids  its  solubility  is  accounted  for 
by  the  presence  of  tbe  alkaline  cbloritles  or  by  that  of  free  earbouic  acid. 
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4.  Magnesium  Pbosphate,  M^MPO,. 

Mngnesinm  phosphate  was  formerly  a.ssociated  with  the  corresponding 
lime  Halt  under  tbe  name  of  the  earthy  phmphaJin,  owing  to  certain 
reseml>laiR'e?i  in  their clK'tniial  relations.  Like  tbe  lime  pliospbate,  whie^ 
it  everywhere  accompanies,  it  is  present  in  all  Llie  tissues  and  fluids  oy 
the  body,  though  this  sultstanee  is  for  the  most  part  in  the  Bmaller 
quantity  of  the  twr>.  Thus  in  the  bones  the  lime  phosphate  is  iu  the 
t>roporiirm  of  .SIR  (Kirls  per  tliou«.aud,  while  the  magnesium  phosphate 
forms  only  12.5  parts.  In  the  blood  tbe  calcareous  sidl  amimuts  to  0.30 
part  per  thousand,  the  ra.'ignesium  &alt  to  0.22  part;  and  in  the  milk 
there  are  2.72  \x\vU  of  lime  phosphate  to  C.Srj  part  of  uiagnesium  pho^ 
phote.  On  the  other  hand,  the  Hjdta  of  inagiiesiuin  have  l)een  found  to\ 
be  in  larger  quantity  tlian  those  of  lime  in  the  miisele*,  and  nearly  twjcej 
as  abumlant  in  the  substance  of  the  bra|iu. 

The  magnesium  |)hosphate  is  dischargcil,  hy  the  urine,  in  the  average 
dally  quantity  of  O.G  gramme.     Tbe  average  amount  of  both  the  earthy 
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phosphates,  taken  together,  is  accordingly  ubouL   1  gramme  per  day ; 
the  tnagiie^iaD  salt  being  rather  the  more  abundant  of  the  two. 

Roth  the  magnesium  i>hosj)hat.e  and  carbonate,  of  which  latter  salt 
traces  uccur  in  tiie  blood,  np|H-ar  to  have  similar  physiological  relations 
irith  the  coiTC8i>onding  nalts  of  lime,  and  almost  the  same  things  may  1)U 
8a]«1  in  regard  to  their  union  with  tlie  substance  of  the  more  solid  tissues 
an<l  their  mode  of  suiubility  iu  the  animal  lluids. 

5.  Sodium  Chloride,  NaCl. 
This  is  undoubtedly  the  most  important  of  the  mineral  constituents 
of  the  body,  so  far  as  reganls  its  general  tlistribution  aud  the  active  part 
which  it  takes  in  the  internal  plienonieua  of  nutrition.     It  is  tlie  most 
abundant  of  all,  next  to  thu  lime  plios|^hate,  and  it  is  universally'  pre- 
sent in  alj  the  animal  tissues  aud  fluids.     Its  entire  quantity  in  the 
human  boily  is  estimated  by  Dr.  Lankcster  at  110  grammes,  or  nearly 
one-<iuarter  of  a  pound  avuirdn[rois.     In  the  blood  it  is  ratiier  more 
i  abundant  than  all  the  other  ininend   iugrcilients  taken  together.     Its 
^  proportion  in  the  various  parts  of  the  body  is  as  follows : — 

Quantity  or  Sootcv  Chlobidb  in  1000  Parts  ix  thk 

Bones      ....     7.02  Saliva      .  .        .  1.53 

niood      ....    3.30  Milk        ....  0.30 

Bile         .        .  .3.18  I.ympli    ....  r).00 

CiAstric  joice  .         .  1.70  Scliawnus  inalttr    .         .  .'5.00 

rcrspiration    .        ,        .    2:23  Urine      ....  5.50 

(One  of  the  most  important  characters  of  tliis  salt  in  the  living  body 
Is  untloubtedlj'  its  ]tropertv  of  n-gulating  the  plienomcna  uf  endosmosis 
and  exosmosis,  or  the  transudation  of  nutritive  fluids  through  the  organic 
membranes.     This  property  is  shared  more  or  less  by  the  other  mineral 
ingredients  of  the  bhxxl,  but  is  more  important  in  the  case  of  sodium 
chloride,  owing  toils  preponderance  in  quantity  as  comparetl  with  the  rest. 
Hiuce  this  substance  is  present  iu  all  i>arts  of  the  bo<]y,  it  is  also  an 
im|K)rtant  ingrc<lient  of  the  food.     It  occurs,  of  course,  iu  all  animal 
foml,  as  a  natural  ingredient  of  the  corres|>omling  tissues.     In  muscular' 
flesh,  however,  it  is  very  much  less  ahuntlant  than  potassinn*  chloride,  i 
while,  on  the  other  hand,  it  is  more  nbundant  in  the  blood.    It  is  present ' 
also  in  various  articles  of  vegetable  food. 

-Vocording  to  Boussingault,  it  exists  in  the  following  proportions  in 
certain  vegetable  substances : — 

Proporticv  of  Sodipk  Chlobidk  i.v  1000  parts  i.v 
Potatoes  .  .    0,43  Oats  .01! 

B*"*"**       ....     0.66  Peaa        ....     0.09 

Tnriiips   ....     0.28  Beans      ....    0.06 

Cabbage  .        .        .     0.40  Meadow  hay   .        .        .     3.28 

TliG  relative  quantity  of  sodium  chloride  taken  in  animal  and  vegetable 
fuo<l  has  not  been  determined.     In  regard  to  the  demand  tor  l\uft  aaW., 
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however,  there  is  a  striking  difference  between  the  carnivorous  and 
many  herbivorous  animals.  The  carnivora  receive  a  fully  sufficient 
supply  with  their  natural  food,  and  invariably  show  a  repugnance  to 
salt  itself,  as  well  as  to  salted  meats.  On  the  other  hand,  the  horse, 
and  more  especially  the  ruminating  animals,  have  an  instinctive  desire 
for  salt,  and  greedily  devour  it,  when  offered  to  them,  in  addition  to 
that  naturally  contained  in  the  vegetable  matters  of  their  food.  It  is 
well  known  with  what  avidity  the  cattle,  sheep,  and  all  kinds  of  deer 
frequent  the  saline  springs  or  "  salt  licks"  of  the  United  States ;  and  it 
is  shown  by  common  experience  that  a  libei'al  supply  of  salt  is  important 
for  the  healthy  nutrition  and  development  of  these  animals  in  the 
domesticated  condition. 

The  same  fact  has  been  demonstrated  in  a  more  exact  manner  by  the 
experiments  of  Boussingault  on  the  ox.'  This  observer  made  a  series 
of  comparative  investigations  upon  the  growth  of  two  sets  of  bullocks 
selected  from  animals  of  the  same  age  and  vigor,  and  supplied  equally 
with  an  abundance  of  ordinary  nutritious  food,  those  of  one  set,  how* 
ever,  receiving  in  addition  each  34  grammes  of  salt  per  day.  At  the 
end  of  six  months  the  difference  in  the  aspect  of  the  animals  of  the  two 
sets  began  to  be  distinctly  evident,  and  became  more  marked  as  time 
went  on.  The  experiment  lasted  for  a  year,  and  at  the  end  of  that  time 
both  sets  of  animals  had  on  the  average  equally  increased  in  weight ; 
but  those  fed  with  ordinary  food  alone  presented  a  rough  and  tangled 
hide  and  a  dull,  inexcit.able  disposition,  while  in  those  which  bad  re- 
ceived the  additional  ration  of  salt  the  hide  was  smooth  and  glistening 
and  the  general  appearance  was  vigorous  and  animated.  While  tliese 
animals,  therefore,  may  subsist  for  a  time  without  inconvenience  upon 
the  salt  naturally  contained  in  their  food,  an  additional  quantity  is 
required  to  maintain  the  system  in  good  condition  for  an  indefinite 
period. 

Tliere  is  a  similar  necessity  for  salt  as  an  addition  to  the  food  of  the 
human  species.  No  other  substance  is  so  universall}'  used  as  a  condi- 
ment by  all  races  and  conditions  of  men.  This  custom  does  not  deptend 
simply  on  a  fiincy  for  gratifying  the  palate,  but  is  based  upon  an  in- 
stinctive demand  of  the  system  for  a  substance  which  is  necessary  for 
the  full  performance  of  its  functions.  Beside  its  other  properties,  it  no 
doubt  acts  in  a  favorable  manner  by  exciting  the  digestive  fluids,  and 
assisting  in  this  way  the  solution  of  the  food.  For  food  which  is  taste- 
less, however  nutritious  it  may  be  in  other  respects,  is  taken  with 
reluctance  and  digested  with  difBculty ;  while  the  attractive  flavor  which 
is  developed  by  cooking,  and  by  the  addition  of  salt  and  other  condiments 
in  proper  proportion,  excites  the  secretion  of  tlie  saliva  and  gastric  juice, 
and  facilitates  consequently  the  whole  process  of  digestion.  The  sodium  \ 
chloride  is  then  taken  up  by  absorption  from  the  intestine,  and  is  de- 
posited in  various  quantities  m  different  parts  of  the  body. 

•  Chimie  Agricole.    Paris,  1854,  p.  251. 
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Notwitbstawdiiig  various  surmises  which  have  been  presented  from 
tiiDP  to  time  with  regard  to  its  possible  decomposition  and  the  re-com- 
bitiatiun  of  its  elements  in  the  body,  vvt;  huve  ih>  certain  knowledge  of 
such  changes  taking  place  in  the  sodium  chloride  wiiile  forming  u,  con- 
stituent of  the  animal  frame.  It  passes  from  the  nlimcnUiry  canal  to 
the  blood,  from  the  blood  to  the  tissues,  and  is  finsdly  discharged  with 
the  urine,  mueiis,  uud  cutaneous  jterspiration,  in  solution  in  the  water 
of  these  Uuids.  Under  ordinary  circumstauecs,  by  far  the  largest  (iro 
portion  passes  out  by  the  kidneys.  The  quantity  of  sodium  chloriilc 
thus  discharged  with  the  excretions  by  nn  ailult  man  is  about  15 
grammes  per  day;'  of  whifh  IZ  grammes  are  contained  in  the  urine,  and 
8  grammes  in  the  perspiration.  Thus,  uf  all  the  sodium  clduride  con- 
tAineil  in  the  bod}*,  considerably  more  than  ten  per  cent,  passes  through 
the  838tem  in  twent^-foui  hours.  This  fact  phiiuly  indicates  the  activity 
and  importuuce  of  this  salt  in  tlie  daily  internal  changes  of  nutrition. 


f   * 


6.  Potassium  Chloride,  KOI. 
This  substance  is  found  in  very  many  if  not  all  of  the  animal  tissues 
, /and  fluiils,  accompanying  the  sodium  chloride,  many  of  the  properties 
\  of  which  it  shares,  and  with  which  it  is  closely  related  iu  its  physiological 
characters.  It  is  especially  abundant,  as  compared  with  the  stMlium 
chloride,  in  the  nuiscles  and  in  l!ie  milk,  less  t.o  in  llie  blood,  the  gastric 
juice,  the  urine,  an<l  the  pi'rs|>ir:Uion.  Both  salts  are  ne^tntl  in  reaction, 
and  arc  retained  in  the  lif|,uid  form  in  the  blood  aud  secretious  by  solution 
in  the  water  of  these  liuids.  The  potassium  cidoride  is  introiluced  as 
an  ingredient  of  both  animal  and  vegetable  food,  and  is  discharged  with 
the  mucus,  the  urine,  and  the  perspiration. 

7.  Sodium  and  Potassium  Phosphates,  Na,HPO,  and  K,HPOj. 

These  substances,  associated  under  the  name  of  the  allaline  plioa- 
pltaleis,  are  of  the  greatest  importance  ils  ingredients  of  the  auitnal  body. 
They  exist  universally  iu  all  its  solids  ami  fluids,  and  in  the  latter  are 
Jiresent  in  the  liquid  form  by  means  of  their  rca<l3-  solubility  in  wate: 
No  doubt  they  are  useful  in  a  variety  of  ways,  but  at  least  one 
most  impoitant  characters  is  their  property  of  exhibiting  an 

eaction.  Tliis  reaction  is  essential  to  n  large  uuud'cr  «>f  the  vital  pro- 
ccseios  taking  place  in  the  interior,  and  is  present,  without  escei)tion,  in 
all  the  animal  fluids  which  are  actually  contained  in  the  circulatory 
system,  or  in  the  closed  cavities  of  the  botly.  An  acid  reaction,  on  the 
other  hand,  is  found  only  in  a  very  few  of  tlie  organic  fluids  which  are 
either  employed  in  the  process  of  digestion  or  are  dischargcil  externally. 

The  following  list  shows  the  comparative  frequeucy  of  alkaline  and 
acid  reactions  in  the  animal  fluids  : — 


in  water, 
of  their] 
idkalinef 


'  Nfiibaner  nud  Vupi^l,  Analyao  Jes  Ilnrna,  Wiesbadeu,  1872,  p.  54.     Beueke, 
Pttlholijuie  di.'s  iStoETwechsels,  Berlin,  1874,  p.  322. 
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Fluids  with  an  Alkaline  Reaction.         Fluids  with  an  Acid  Reaction. 

1.  Blood-plasma.  1.  Gastric  juice. 

2.  Lymph.  2.  Perspiration. 

3.  Aqueous  humor.  3.  Mucus  of  the  vagina. 

4.  Cephalo-rachidian  fluid.  4.  Uriue. 

5.  Pericardial  fluid. 

6.  Synovia. 

7.  Fluids  of  the  living  muscular 

tissue. 

8.  Mucus  in  general. 

9.  Milk. 

10.  Spermatic  fluid. 

11.  Tears. 

12.  Saliva. 

13.  Pancreatic  juice. 

14.  Intestinal  juice. 

If  we  take  into  account  the  carbonic  acid  exhaled  with  the  breath, 
we  see  therefore  that,  while  in  general  an  alkaline  condition  is  charac- 
teristic of  the  internAl  fluuls,  the  products  of  excretion,  on  the  contrary, 
present  universally  an  y,cid  reaction. 

Of  all  the  internal  fluids  the  most  essential  is  the  plasma  of  the  blood, 
since  it  affords  the  materials  of  nutrition  to  the  entire  system  ;  and  its 
alkalin e^eaction ,  which  is  distinctly  marked,  has  been  foimd  to  be  in- 
vanaEiy  present,  not  only  in  the  human  subject,  but  also  in  every  8j)ecies 
of  animal  in  which  it  has  been  examined.  This  reaction  of  the  blood  is 
moreover  necessary  to  life,  since  Bernard  has  shown'  that  if  an  injection 
of  dilute  acetic  or  lactic  acid  be  made  into  the  veins  of  the  living  animal 
death  always  results  before  the  point  of  neutralization  has  been  reached. 
/  The  alkaline  reaction  of  the  blood-plasma  gives  to  this  fluid  its  extra- 
(  ordinary  capacity  for  dissolving  carbonic  acid.  According  to  Liebig, 
w^ater  which  holds  in  solution  one  per  cent,  of  sodium  phosphate  is 
enabled  to  absorb  and  retain  twice  its  ugjinl  prqjiortion  of  carbonic  acid; 
and  the  other  alkaline  salts,  as  is  well  known,  have  a  similar  dissolving 
action  iijjon  this  gas.  Consequently  the  blood  as  it  circulates  among 
the  tissues  rapidly  absorbs  from  them  the  carlwnic  acid  which  has  been 
formed  in  their  substance,  and  incessantly  carries  it  away  to  be  elimi- 
nated by  the  lungs.  This  important  property  of  the  circulating  fluid 
depends  upon  its  alkiUine  reaction. 

The  alkalescence  of  the  blood  is  due  in  great  measure  to  the  alkaline 
[  l)hosphates,  which  are  present  in  human  blood  in  the  proportion  of  0.61 
\j)er  thousand  parts.  A  peculiar  relation,  however,  exists  in  this  respect, 
for  different  classes  of  animals,  between  the  alkaline  phosphates  and  the 
alkaline  carbonates,  which  are  to  be  mentioned  hereafter.  Both  these 
groups  of  salts  have,  when  in  solution,  an  alkaline  reaction ;  and  both 
contribute  to  the  alkalescence  of  the  blood  in  man  and  animals.  But  in 
the  qaruivwous  animals  it  is  the  phosphates  which  preponderate,  while 

'  Liquidc'S  de  I'Orgauismc.     Paris,  1859,  tome  i.  p.  412. 
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_in  the  Lt^rbivora  the  carbonates  are  the  mure  nluiiulant  of  tlie  two.  In 
tiumls  feti  at  the  i»anie  time  iipuu  both  auiiuul  ami  vogi?tnbk<  lbo<i  tbe 
ro  kinds  of  salts  arc  foiiml  to  be  present  in  nt-iirly  equal  proportion, 
alj»l  ill  tbc  8IIIUU  uuiuial  uilher  the  phosphutfs  or  tht?  c'arbau;ili.'t*  umy 
be  muile  to  pri'«loiuin:ilc  by  increjtsiug  the  rLJalive  iiuaiitity  of  animul 
or  vegetable  food  respectively.  Tbi-i  i:i  readily  untlerstouU  wUeu  we 
remember  that  mn£K;ular  flesh  :iud  the  iinlmal  tissues  generally  are  com- 
imratively  abundant  iu  phosphates,  while  vegetul»le  matters,  as  we  sluUI 
herciilcr  see,  aljotind  !il>^o  in  suits  of  the  orgaiiic  acids,  whieh  give 
rUie  by  their  decomposition  iu  the  system  to  carbonates  of  the  some 
bases. 

The  alkaline  pbospbatos  are  taken  in  with  the  foofi,  as  they  exist 
widely  in  both  animal  and  vegot:dj[e  matters.  They  circulate  with  the 
animal  fluids,  and  arc  finally  excreted  with  the  perspiration,  the  mucus, 
and  the  urine.  In  the  urine  a  portion  of  the  alkaline  sodium  phoK[>hate 
is  reptuceil  l:»y  the  acid  sudium  iilphosnihate,  which  gives  to  this  fluid  its 
proj>erty  of  reddening  blue  lituiiis  jniiier,  although  it  contains  no  free 
acid.  The  juanner  in  which  this  el>ange  is  supposed  to  take  place  is  the 
following.!  A  nitrogenous  organic  aci»l  of  new  formation,  namely,  uric 
acid,  makes  its  appt^arauce  in  the  system,  and  is  cxcreteil  by  the  urine. 
It  exists,  however,  in  tins  fluid  only  ia  the  form  of  combination,  as 
swiium  urate.  It  is,  therefuie,  lx'lievc<l  Ui  comltine,  at  the  time  of  its 
furmation,  with  a  portion  of  the  sodium  which  forms  tlio  base  of  tlie 
sodium  phosphate;  and  the  reniaimler  of  this  salt,  converted  into  a 
bij>hohpliate,  is  then  eliminated  by  tbe  urine,  which  thus  acquires  an 
acid  re.nction. 

There  is  evidence  that  phosphoric  acid  is  also  generatt-tl  iu  the  inte- 
rior of  the  b«j«ly  by  oxidation.  A  substance  to  be  described  hercaltcr, 
containing  phosphorus  in  the  form  of  organic  combination,  exists  in 
various  i)art9  of  the  system,  especially'  in  tlic  blood  ami  in  the  tissue  of 
the  brain  and  ner\'es,  and  is  taken  with  certain'  kinds  of  food ;  but  uo 
such  eubstunce  is  to  be  met  with  iu  the  excretions.  Id  the  fluids  dis- 
charged from  the  body  phosphorus  exists  <tiily  iu  the  form  of  tlie  |ihos- 
pbatic  salts.  It  is,  therefore,  without  doubt  oxidized  in  the  intenial 
transfoionation  of  the  organic  sub.-^tance!*,  thus  becoming  phosphoric 
acid,  which  iuturn  unites  with  the  alkaline  bases  to  form  neutral  or  iicid 
phosphates.  In  tiiis  way  a  certain  portion  of  the  superabundant  acid 
is  produced,  which  gives  rise  to  the  acid  reaction  of  the  cxcreteil  fluids. 
The  sodium  and  potassium  phosphates,  including  the  acid  biphosphatc, 
are  discharge<l  with  the  urine  to  the  amount  of  about  4.5  grammes  per 
day. 

8.  Sodium  and  Potaaiiani  Carbonates,  N'a,COj  and  K^CO^. 
The  alkaline  carbonates,  as  mentioned  above,  are  associatetl  with  the 
phosphate**   in   all   the  more  important  fluids  of  the  body.     They  are 
readily  soluble,  and  assist  in  producing  the  necessary  alkaiesccuce  of 
the  blood  and  secretions. 
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The  alkaline  carbonates  are  partly  introduced  as  such  witii  the  food, 
but  are  to  a  great  extent  formed  within  the  body  by  the  decomposition 
of  otiier  salts  contained  in  the  substance  of  certain  fruits  and  vegetables. 
Various  of  these  fruits  and  vegetables,  such  as  apples,  cherries,  grapes, 
potatoes,  carrots,  and  the  like,  contain  malates,  tartrates,  and  citrates 
of  the  alkaline  bases.  It  has,  furthermore,  been  often  observed  that 
after  the  use  of  acescent  fruits  and  vegetables  containing  the  above  salts, 
the  urine  becomes  alkaline  in  reaction  from  the  presence  of  the  alkaline 
carbonates.  Lchmann'  found,  by  experiments  upon  his  own  person, 
that  within  thirteen  minutes  after  taking  15.5  grammes  of  sodium  lactate, 
the  urine  had  an  alkaline  reaction.  He  also  observed  that,  if  a  solution 
of  this  substance  were  injected  into  the  jugular  vein  of  a  dog,  the  urine 
became  alkaline  at  the  end  of  five,  or,  at  tlie  latest,  of  twelve  minutes. 
The  conversion  of  these  salts  into  carbonates  takes  place,  therefore,  not 
in  the  intestine,  but  in  the  blood.  The  same  observer  found  that,  in 
many  persons  living  on  a  mixed  diet,  the  urine  became  alkaline  in  two 
or  three  hours  after  swallowing  0.65  gramme  of  sodium  acetate. 

The  organic  acid  in  these  cases  is  decomposed  and  oxidized  with  the 
production  of  carbonic  acid  and  water ;  and  the  original  salts  are  thus 
replaced  by  the  alkaline  carbonates,  whii^h  appear  in  the  urine  and  tem- 
porarily modify  its  reaction  in  the  manner  above  described. 

A  preponderance  of  vegetable  food,  accordingly,  influences  the  quan- 
tity of  the  alkaline  carbonates  in  the  system,  and  consequently  the  reac- 
tion of  the  excretions.  As  a  rule,  the  urine  of  man  and  of  the  caniivo- 
rous  animals  is  clear  and  acid,  while  tliat  of  the  herbivora  is  alkaline 
and  turbid  with  calcareous  deposits.  This  turbid  and  alkaline  urine 
will  often  effervesce  with  acids,  showing  the  presence  of  carbonates  in 
considerable  quantity.  Bernard  has  shown  that  this  difference  depends 
upon  the  alimentation  of  tlie  animal,  and  that  although  in  carnivorous 
and  herbivorous  animals  under  ordinary  conditions  the  urine  is  respec- 
tively acid  and  alkaline,*  if  they  be  both  deprived  of  food  for  a  few  days 
the  urine  becomes  acid  in  both,  since  they  are  then,  in  each  instance, 
living  upon  their  own  tissues.  Furthermore,  a  rabbit,  whose  urine  is 
turbid  and  alkaline  while  feeding  on  fresh  vegetables,  if  kept  upon  a  diet 
of  animal  food,  soon  produces  an  excretion  which  is  clear  and  acid.  The 
reverse  effect  is  produced  upon  a  dog  by  changing  his  food  from  meat 
to  vegetable  matters.  Finally,  it  is  also  shown^  that  the  urine  of  the 
young  calf  while  living  on  the  milk  of  the  mother  is  clear  and  acid ;  but 
after  the  animal  has  been  weaned  and  feeds  upon  vegetable  matter,  its 
urine  becomes  alkaline  and  turbid,  like  that  of  the  adult  animal. 

9.  Sodiam  and  Fotasainm  Sulphates,  SO.Na,  and  SO^K,. 
The  sulphates  are  also  to  be  regarded  as  constant  ingredients  of  the 
body,  as  they  are  found  in  several  of  the  animal  fluids,  including  the 

'  rhysioiogical  Chemistry.     Cavondisli  edition.     London.  18.51,  vol.  i.  p.  97. 
'  Millie  Edwards,  LeQons  sur  la  Physiologie.    Paris,  1862,  tome  vii.  p.  471. 


blofxl,  f.bc  lymph,  the  aqueous  bumor,  lullk,  suHva,  raucua,  the  perspira- 
tion, im«l  the  iirlni'.  They  arc  utsuaily,  Lowever,  iu  siunll  <iU!iiJtily,  as 
cuin[iuri'<i  with  other  saline  luattiMs.  lu  ihu  Mood  siinl  iLe  lymph,  tliey 
are  itiuch  less  nbumlant  than  either  the  cliloriilesi,  phosphates,  or  car- 
bonates. In  the  milk  and  the  saliva,  tht're  is  barilly  more  than  a  trace 
of  them;  ami  they  have  imt  l>een  Ibuml  at  all  in  the  bones,  the  gastric 
juice,  the  bile,  or  the  paucreutie  juiee.  They  are  must  abundant  in  the 
urine,  wUero  they  siraount  to  rather  more  than  ooe-lialf  thu  (innnlity  of  the 
phosphates,  and  tlu-y  are  foinid  also,  in  small  proportion,  in  Ihc  feces. 

The  sulphates  are  introdueed  into  the  Inxly,  to  8ome  extent,  with  the 
fotxl  and  drink.  They  are  to  be  found,  in  niiiuite  quantity,  in  muscular 
flesh  and  in  the  yolk  of  egg.  Tliey  exist  also  in  certain  vegetable  pro- 
ducts, such  as  the  cereal  grains,  Iniits,  and  tulH-'roUi^  roots,  where  they  are 
much  less  abundant  than  the  pliosjihates,  though  often  more  so  than  the 
chlorides.  S|iriiig  and  river  water,  aa  used  for  drink,  usually  contains 
sulphates,  including  snlphate  of  lime,  varying  in  amount,  according  to 
the  luble:j  given  by  Payen,'  from  .003  to  .06  per  thousand  imrts.  In 
the  water  of  the  I'rotou  Itiver,  wiih  which  the  city  of  New  York  is  pup- 
plic<l,  they  amount,  as  shown  by  the  anal^'ses  of  Prof.  Chandler,^  to  a 
little  more  than  .01)7  [ler  thousand  parts. 

Beside  the  sulphates,  however,  introdnced  with  the  food  and  drink,  a 
certain  amount  of  sul[)huric  acid  originates  within  the  body  by  oxida- 
tion, in  a  mixle  analogous  to  that  ah-eady  ^lesorilx-d  for  phos|iborie  acid. 
The  albuminous  substances,  which  form  so  important  a  part  of  the  Bolid 
fooil,  contain  sulphur  as  one  of  their  constituent  elements,  and  a  eon- 
sitierable  quantity  of  this  Bub>itance  i*  accordingly  introduced  daily  into 
the  system  in  the  form  i>f  org;niic  combination.  The  entire  quantity  of 
gtilpbur,  thus  fonning  part  of  the  organic  matter*  of  the  body  of  a  man 
of  me<lium  size,  amounts,  according  to  Payen,'  to  aljout  110  grammes; 
ami  at  least  I  gramme  must  be  taken  djiily  with  the  albuminous  ingre- 
dientti  of  the  food.  A  portion  of  these  substnnces  i«  expelled  by  the 
daily  exfoliation  of  the  hair,  nnils,  anil  epidermis;  but  no  such  sul- 
phurous «)rganic  compiund  is  discharged  by  the  urine  and  feces  except 
hi  insignificant  quantity.  On  the  other  hand,  the  sulphates  are  compar- 
atively abundant  iu  the  excretions.  While  they  aie  to  be  found  in  the 
bloo«l  only  in  the  proportion  of  ().2S  per  thousand,  they  exist  in  the 
uriiio  in  the  proportion  of  from  3.00  to  7.00  parts  per  thousand,*  and  are 
dischai^etl  by  this  channel  to  the  amount  of  almut  4  grammes  |>er  da^'. 

These  facts  indicate  that  a  notable  quantity  uf  sulphuric  acid  is  con- 
stantly fonnod  in  the  binly,  during  the  decomposition  of  albuminous 
matters,  by  oxidation  uf  their  sulphur.  This  is  confirmed  by  the  fact 
that  the  (luantity  of  sulphuric  acid  in  the  sulphates  eliminated  by  the 
kidneys  is  pcrceiitibly  increased  hy  the  use  of  a  flesh  diet,  and  also  by 


'  r?uhstances  Alimentaiivs.     Paris,  ISC.i.  p.  43G. 

Lectun?  oil  Wuier.     Transuclions  of  the  AmPricon  Iiistilale  for  1870-71. 
^Substances  Alimenlaircs.     Paris.  1805.  p.  68. 

Utbin,  licqnns  sur  les  Ilumeurs.     Paris.  1874,  p.  770. 
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the  administration  of  sulphur  or  a  sulphuret.*  Dr.  Parkes  estimates 
the  quantity  of  sulphuric  acid  thus  produced  in  the  system  as  about 
double  thn^  taken  in  the  form  of  sulphates  with  the  food  and  drink.  It 
unites  at  once  with  the  alkaline  bases,  displacing  the  weaker  acids  with 
which  they  were  previously  combined,  and  thus  contributes  indirectly 
to  the  general  acid  reaction  of  the  exgrejed  fluids. 

The  foregoing  substances  constitute  the  most  important  of  the  in- 
organic proximate  principles  of  the  animal  body.  They  are  distin- 
guished, as  a  cl£.^s,  by  their  comparatively  simple  chemical  composition, 
by  their  external  origin,  and  by  the  part  which  they  take  in  the  constitu- 
tion and  nourishment  of  the  animal  frame  They  are  derived  for  the 
most  part  from  without,  being  taken  directly  from  the  materials  of  the 
inorganic  world.  There  are  some  exceptions  to  this  rule;  as  in  tlie 
case  of  the  alkaline  carbonates  fanned  in  the  body  by  decomposition  of 
the  salts  of  the  vegetable  acids ;  and  of  the  sodium  biphosphate  pro- 
duced from  the  neutral  phosphate,  by  the  action  of  an  organic  acid  of 
internal  origin.  The  greater  part,  however,  of  the  proximate  principles 
belonging  to  this  class  are  introduced  with  the  food,  and  taken  up 
by  the  animal  tissues  and  fluids,  in  the  form  under  which  they  exist 
in  external  nature.  The  lime  carbonate  of  the  bones,  for  example,  and 
the  sodium  chloride  of  the  blood  and  the  tissues,  are  the  same  sub- 
stances as  those  met  with  in  calcareous  rocks,  or  in  solution  in  sea 
water. 

In  the  process  of  internal  nutrition  they  are  also  exempt,  as  a  general 
rule,  from  any  marked  cliemical  changes.  Some  of  them,  such  as  the 
lime  and  magnesium  phosphates,  are  mostly  deposited  in  the  solid  parts, 
and  ai*e  renewed  very  slowly,  contributing  principally  to  the  physical 
properties  of  the  tissues,  and  taking  a  comparatively  small  share  in  the 
actions  of  repair  and  waste.  Others,  such  as  water  and  the  alkaline 
chlorides,  are  introduced  and  discharged  daily  in  considerable  abund- 
ance, passing  rapidly  through  the  system,  and  playing  an  important 
part  in  the  phenomena  of  solution  and  transudation.  Others  still,  such 
as  the  alkaline  pliosphates  and  sulphates,  are  partly  formed  in  the  body 
by  the  process  of  oxidation,  and  appear  in  the  urine  as  a  residue  from 
the  decomposition  of  otlier  proximate  principles. 

Principally,  however,  tlie  inorganic  substances  are  reabsorbed  b}'  the 
j  "blood  from  the  tissues  in  which  they  were  deposited,  and  discharged 
unchanged  with  tlte  excretions.     Tiie  importance  of  this  ciiaracter  will 
become  fully  manifest  when  we  see  how  different    are  tlie  relations 
exhibited  by  the  proximate  principles  of  other  groups.     Tlie  inorgani^ 
substances  do  nat,  for  the  most  part,  participate  directly  in  the  chemical  I 
changes  going  on  in  the  body ;  but  rather  serve  by  their  presence  to  j 
enable  those  changes  to  be  accomplished,  in  the  other  ingredients  of  thej 
animal  frame,  which  are  necessary  to  the  process  of  nutrition. 

'  Neubauer  nnd  Vogel,  Analyse  des  Ilarns.    Wiesbaden,  1872,  pp.  356,  357. 
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CHAPTER  III. 

HYDROCARBONACEOUS   PROXIMATE    PRINCIPLES. 

The  proximate  principles  belonging  to  this  class  are  distinguished 
from  the  preceding  by  their  organic  origin.  ( They  appear  as  products 
of  tlie  nutritive  actions  of  organized  beings,  and  are  not  introduced 
ready  formed  from  the  inorganic  world.  They  exist  both  in  vegetables 
and  in  animals.  In  the  former  they  are  produced  entirely  as  new  com- 
binations, under  the  influence  of  the  vegetative  process ;  and  even  in 
animals,  which  feed  upon  vegetables  or  upon  other  animals,  they  are  so 
modified  by  digestion  and  assimilation  that  they  present  themselves,  as 
final  constituents  of  the  body,  under  new  and  specific  forms.  I'hey  all 
consist  of  carbon,  hydrogen,  and  oxygen,  of  which  carbon  is  present  by 
weight  in  especially  large  proportion,  forming  from  44  to  84  per  cent, 
of  the  entire  substance.  Owing  to  the  absence  of  nitrogen,  which  is  an 
important  element  in  organic  substances  of  the  following  class,  they,  are 
sometimes  known  as  the  "non-nitrogenous"  proximate  principles.  They 
are  naturally  divided  into  two  principal  groups,  namely:  the  carbo- 
hydrates^ or  substances  containing  carbon,  together  with  hydrogen  and 
oxygen  in  the  proportions  to  form  water ;  and  the  fatty  mailers,  in 
which  the  proportions  of  carbon  and  hydrogen  are  both  increased,  while 
that  of  oxygen  is  considerably  diminished.  The  group  of  the  carbo- 
hydrates includes  starch,  glycogen,  and  sugar. 

I.  Starch,  C.H.oOj. 

Starch  is  most  abundantly  diffused  throughout  the  vegetable  kingdom, 
and  exists,  for  at  least  a  certain  period  of  vegetative  life,  in  every  plant 
which  has  yet  been  examined  for  it.  It  occurs  especially  in  seeds,  in 
the  cotyledons  of  the  5'oung  plant,  in  roots,  tubers,  and  bulbs,  in  the 
pith  of  stems,  and  sometimes  in  the  bark.  It  is  very  abundant  in  corn, 
wheat,  rye,  oats,  and  rice,  in  the  parenchyma  of  the  potato,  in  peas  and 
beans,  and  in  most  vegetable  substances  used  as  food.  It  constitutes 
almost  entirely  the  ditferent  preparations  known  as  sago,  tapioca,  arrow- 
root, and  maizcna,  which  are  nothing  more  than  varieties  of  starch, 
extracted  from  different  species  of  plants. 

The  following  list,  compiled  mainly  from  the  tables  of  Payen,'  shows 
the  percentage  of  starch  occurring  in  various  kinds  of  food  : — 

'  Substances  Alimentaires.     Paris,  1865. 
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QcantitV  of  Starch  in  100  Parts  in 


Wheat  . 

.     57.88 

Potatoes 

.    20.00 

Rye      .. 

.     64.65 

Sweet  potatoes 

.     16.05 

Oats      . 

.     60.59 

Peas      . 

.    37.30 

Barley  . 

.     66.43 

Beans    . 

.     33.00 

Indian  corn   . 

.     67.55 

Flaxseed 

.     23.40 

Rice      . 

.     88.65 

Chocolate  nut 

.     11.00 

When  purified  from  foreign  substances  starch  is  a  white,  glistening 
powder,  which  gives  rise  to  a  peculiar  crackling  sensation  if  rubbed 
between  the  fingers.  It  consists  of  minute  granules  of  very  firm  con- 
sistency and  definite  shape,  presenting  certain  peculiarities,  of  both  fonn 
and  size,  by  which  its  varieties,  derived  from  difierent  sources,  may  be 
distinguished  from  each  other.  The  young  starch  granules,  when  first 
produced  in  the  tissues  of  the  plant,  are  exceedingly  small,  round,  and 
perfectly  homogeneous ;  but  they  afterward  increase  in  size,  and,  as  their 
growth  is  irregular,  they  become  ovoid,  pear-shaped,  lenticular,  or 
polygonal  in  form.  They  also  show  under  the  microscope  a  definite 
structure,  each  granule  being  composed  of  a  series  of  layers,  disposed 
one  over  the  other,  giving  rise  to  the  appearance  of  concentric  markings, 
which  are  very  characteristic  of  most  varieties  of  starch  grains,  after 
they  have  attained  a  certain  size.  The  markings  arc  arranged  round  a 
single  point,  usually  more  or  less  eccentric  in  position,  which  is  called 
the  hilum. 

The  successive  layers  of  which  the  starch  granule  is  composed  differ 
from  each  other  mainly  in  their  consistency,  being  alternate!}'  harder 

and  softer  in  comparison  with 
Fig.  2.  each  other;  and  this  difference 

in  density  produces  a  corres- 
ponding difference  in  the  refrac- 
tive power  of  the  layers,  and 
consequently  an  appearance  of 
concentric  striation. 

Each  starch  granule,  further- 
more, consists  of  two  sub- 
stances, intimately  mingled  in 
ever}'  part  of  its  mass,  which  re- 
semble each  other  completely  in 
chemicnlcoraposition,  but  differ 
greatly  in  solubility.  These 
two  substances  are,  Ist,  granu- 
lone^  which  may  be  extracted 
from  the  starch  grain  by  boil- 
ing water;  and  2d,  cellulose, 
which  remains  undissolved.  The  granulose  is  usually  much  the  more 
abundant  of  the  two,  but  the  cellulose  has  so  marked  a  consistenc}'  that 
it  retains  the  form  and  apparent  laminated  structure  of  the  starch  grain. 


Oraius  of  Potato  Starch. 


BTAROH. 
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«fler  extraction  of  the  granulose,  though  it  may  be  reduced  to  five  or 
six  per  cent,  of  its  original  weight. 

The  starch  grains  of  the  potato  (Fig.  2)  vary  considerably  in  size. 
The  smallest  have  a  diameter  of  2.5  mmm.,'  the  largest  62.5  mmm. 
They  are  irregularly  pear-shaped 

in    form,   and    their   concentric  Fig.  3. 

markings  are  very  distinct.  The 
starch  obtained  from  tlie  |x»tato, 
however  carefully  prcparetl,  re- 
tains in  connection  with  it  traces 
of  an  odoriferous  princiiilc  which 
makes  it  less  valuable  Ibr  culi- 
nary purposes  than  many  uther 
varieties. 

The  starch  granules  of  arrow- 
root (Fig.  3)  are  generally 
smaller   and    more    uniform    in 

Lsize,  than  those  of  the  potato. 
They  vary  from  12.5  nimm.  to 
50  mnim.  in  diameter.  They  are 
elongated  and  cylindrical  in 
form,  and  the  concentric*  mark- 
ings are  less  distinct  than  in  the  preceding  variety.  The  hilum  baa  here 
•oinetimes  the  form  of  a  circular  pore,  and  sometimes  that  of  a  trans- 
tone  fissure  or  slit. 

The  grains  of  wheat   starch  Fig.  4. 

(Fig.  4)  are  still  smaller  than 
those  of  arrowroot.  They  vary 
from  2.5  mmm.  to  35  mmra. 
in  diameter.  They  are  nearly 
drcnlar  in  form,  with  a  round 
or  transverse  hilum,  Imt  with- 
out any  distinct  appearance  of 
lamination.  JSIany  of  ttieni  are 
flattened  or  compressctl  Jater- 
nlly,  BO  that  they  present  a 
l>TX>ad  surface  in  one  position, 
and  a  narrow  edge  when  viewed 
in  the  opposite  direction. 

The  starrh  grains  of  Indian 
com  (Fig.  5)  are  of  nearly  the 
same  size  with  those  of  wheat 
flour.     They  are  somewhat  more  irregular  and  angular  in  shape ;  and 


STAKCtt  QxAiHS  or  Wh«at  Flovx. 


'  The  sifrn  mmm.  stanilg  for  micro-mtlh'metre  ;  that  i«,  the  one-thonflandth  part 
of  a  millimetre.     A  millimetre  is  very  nearly  eqnivalent  to  one  twenty -fifth  ot  «o 
inch;  and  a  micro-millimetre,  accordiogly,  is  about  nias  ^^  *^  xxith. 
6 
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are  often  marked  wiiU  crossed  or  radiating  lines,  as  if  from  partial 
fracture. 

Starch  derived  from  all   these  different  sources  has  essentially  the 
same  chemical  composition,  and  may  be  recognized  by  the  same  tests. 

It  is  insoluble  in  cold  water,  but 


^B^  Fig- 5.  if    it    be    treated    with    about 

^^^^H  ^  ~~~.,,,^  twenty  times  its  weight  of  b«>il- 

^^^^f       y^  ^v  ing    water   its   granules    swell, 

^  /  J^  N.  become   gelatinous    and    araor- 

^^        /  1^     g^  \        phous,  combine  with   a  certain 

\  I  Q\    ^    nB'  ^1^  \      proportion   of  water,  and   fuse 

I  /  ^  o      Hf  \     into  a  thick  opaline  liquid,  which 

I  I  Q     ^     ^    ^r\     o  1    is  thiimer  or  thicker  acconling 

I  ^/-^^     ^^  ^fc     o  \   to  the  quantity  of  water  present. 

F.  1  ®   (f?  ^^     "     _       ^  /    After  that  they  cannot  be  made 

\  ^p.     ^j^  v^m  I     '°  resume  tbeir   original  form, 

\  \  ^if    QP  ^^     ^^       /      but  ou  cooling  they  solidify  into 

^^  N.  ^^         ^    ^*^    /        a    nearly    bumogeneous    j taste, 

^^b  N.  ^^  y^  '  retaining  the  water  in  union  with 

^H  ^*v_.^^^  ^^^y^  \  the  sfcarcliy  matter.  |  The  stardi 

■         STARCH  OIIAIK8  OF  luDiAjc  OoBK.         i**  t'lCD  6ni(l  to  i)e  amorphous  or 

'*  hyilrated."  By  tliis  process 
it  is  not  essentially  alteml  in  its  chemical  projt^erties,  Imt  only  in 
its  physical  condition.  If  starch  be  treated  with  100  or  liiO  parts  of 
boiling  water,  it  makes  an  opaline  liquid  wliich  does  not  gelatinize;  luit 
on  standing,  the  imperfectly  liquefied  portions,  containing  the  insoluble 
cellulose,  subside  to  the  bottom  as  a  turbid  deiKisiL,  while  the  soluble 
starch  remains  above,  forming  a  clear,  colorless,  and  [lerfectl^'  fluid  solu- 
tion. 

Starch  is  esjiecitdly  distinguished  by  its  property  of  striking  a  blue 
color  by  contact  with  iodine.  Tins  reaction  will  take  place  even  when 
the  starch  is  in  the  raw  condition,  and  starch  granules  may  be  readily 
recognized  under  the  microscope  by  this  menns.  It  is  Ktill  more  prompt 
when  the  starch  is  iiydrated  and  especially  when  it  is  in  solution. 
A  very  minute  quantity  of  tincture  of  iodine  fldde<l  to  a  solution  of 
Btaj'ch  will  cause  the  whole  to  nssume  at  once  a  very  deep  and  rich  blue 
color,  which  may  be  largely  4Hluto<l  without  loaing  its  eharacteristio 
tinge.  Tltc  mixture  of  the  two  ^substances,  however,  must,  in  the  first 
place,  be  made  at  a  moderate  temperature.  If  the  solution  be  hot,  no 
visible  reaction  will  occur ;  and  even  after  it  has  taken  place  if  heat  be 
applied  the  blue  culor  will  iHsappear,  to  return  again  alter  cooling  down 
to  the  original  temperature.  Secondly,  Ibi-  iodtiie  must  be  in  a  free 
state.  If  it  l>c  used  in  the  form  of  a  soluble  iodide,  it  wil!  produce 
no  effect,  since  the  starch  has  not  safllcient  atllnity  for  it  to  withdraw 
It  from  its  union  with  other  matters.  No  third  substance,  furthermore, 
must  bo  present  in  the  mixture,  which  would  be  capable  of  combining; 
with  the  iodine  and  thus  preventing  its  action  upon  the  starch.     All  the 


animal  fluids  more  esi>ccially,  such  ab  the  serum  of  blood,  sidiva,  mucus, 
uriDe,  contain  ingredients  which  prevent  tlic  reaction  of  starch  vrith 
iodine,  and  may  even  dissipate  the  blue  color  after  it  has  b«en  once  j>ro 
duce<l.  These  substances,  therefore,  luusL  be  remove<l  from  the  fluid 
bofore  the  application  of  the  test,  or  else  the  io<iine  must  be  added  in 
sufficient  excess  to  allow  a  surplus  for  action  ufion  the  starch.  With 
these  precautions  it  forms  a  striking  and  valiial4e  lest. 

Starch  has  the  property  of  being  changed,  under  certain  conditions, 
into  two  other  substances. 

1-  If  subjected  to  torrefaction,  that  is,  a  dry  heat  of  alrout  210'^  (about 
40<P  F. ),  it  is  converted  into  iJcj-lrine,  a  gummj*  substance  freely  solu- 
ble in  water,  so  callod  from  the  fact  that  in  solvition  it  rotates  the  phme 
of  the  polarised  ray  toward  the  right.'  Dextrine  has  the  same  chenucni 
eomj^sition  with  starch,  namely  C^II^O^,  but  its  i>roj>ertie9  are  cbauged, 
and  it  will  iio,  lopgcr  proiiiice  a  blue  color  with  iodine.  The  same 
transfonnation  is  very  quickly  aeoomplished  by  boiling  starch  with  a 
dilute  acid;  the  opaline  and  gelatinous  solution  becoming  in  a  few 
minutes  clear  and  liquid,  and  losing  at  the  same  time  its  power  of 
reaction  with  iodine.  (  Finally,  in  the  germination  of  starchy  secils, 
like  the  cereal  grains)  a  nitrogenous  substance  is  proiluced  temieil 
** diastase;"  and  this  has  the  power,  when  sni)plit-d  with  mjiat"''^  ^^  ^ 
moderate  temperature,  of  elfecting  the  trzmsforiuation  of  the  stareh  iuto 
soluble  ilQxtrinc. 

2.  Stan-h  may  Imj  converted  into  Sugar.  When  a  starch  solution  or 
a  thin  starch  paste  is  boiled  with  a  dilute  acid,  it  is  rapidly  changed, 
as  already  mentioned,  into  dextrine.  If  the  boiling  be  continued  for 
several  hours  it  is  still  further  transformed  into  sugar  ;  and  at  last  the 
whole  of  it  passes  over  into  the  saccharine  condition.  This  also  hai> 
pt'us  in  the  process  of  germination  and  growth  in  plants,  where  sugar 
makes  its  appearance  under  influence  of  the  diastase,  and  at  the  exi)en80 
of  the  starch,  as  soon  as  moisture  and  wargith  are  supplied  iu  the 
requisite  degree.      This    is    the   usual   source   of  sugar   in   vegetable 


•  A  ray  of  light  which  has  passed  through  certiiin  crvstnlline  bodies,  puch  as  a 
"Nicol's  prism"  of  Iceland  spur,  is  found  to  he  pi ilarized  ;  that  is,  it  baa  aiiiuin'd 
opposite  and  complemenlary  properties  in  twu  different  directitins.  For  if  it  be 
received  by  a  second  Biniiinr  prism,  which  is  eqauliy  traiiKparcnt  in  all  poaitiona 
to  ordinary  light,  the  polarized  ruy  will  pasa  through  it  only  when  the  prin- 
cipal Bection  of  the  eccotid  prism  is  parallel  with  that  of  ihe  Erst ;  but  when  the 
ascond  prism  ia  turned  round  9(P,  the  light  ia  entirely  arrested.  Now  if  certain 
orguuie  gubslaneea  in  solution  be  placed  between  the  two  prisms,  it  is  found  that 
they  have  the  effect  of  ehan.i;ing  the  angle  at  wliich  the  second  prism  must  stand 
io  order  to  arrest  or  tranE^mit  the  light  from  the  first.  In  other  words,  the  platie 
of  polarization  of  the  polarized  ray  has  been  deviated  or  rotated  by  positing 
through  the  organic  li<|uid.  Some  substances  deviate  in  this  way  the  plarn?  of 
polarization  toward  the  right,  others  toward  the  left.  TTie  specific  rotatory 
power  of  each  ia  estimated  for  a  solution  of  standard  strength  and  quantity,  for 
jellow  light,  and  is  indicated  in  degrees  of  the  circle.  The  specific  rotatory  power 
ol  dextrine  is  118°. 
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juices,  the  staruli  previously  stored  up  being  nt  some  period  of 
changLx]  into  Bugar  by  the  molecular  aciiuus  goiug  on  in  the  w^ 
fabric.  Finally,  various  nitrogenous  animnl  substances  pro<luce  the 
same  effect.  Tbc  contact  of  humau  j^aliva  or  tbe  intestinu]  juices  at  a 
temperature  of  37.5'^  (l(H)->  F.)  rapidly  tniustbnns  by<,Irated  starch  into 
augar.  | 

A  si)ecial  interest  attaubea  to  starch  fiom  the  fiict  that  it^is  t^e  first 
organic  subsLance  produced,  in  the  i^rocess  of  vegetation,  from  inor- 
ganic raateriuls.  Tbe  animal  body  is  incapable  of  forming  organic 
matter,  and  uitist  therefore  be  »uppliei.l  with  these  snbstances  in  the 
food.  But  vegetables  have  tlie  power  of  comj^ning  inorganic  cle- 
menta  in  such  a  wa\'  as  to  produce  a  new  cbiss  of  bodies,  pi'cnliar  to 
the  organic  world,  and  capable  of  serving  for  the  nutrition  of  animals. 
This  is  shown  by  numerous  exjierimenta,  in  which  seeds  or  j'oung 
plants,  artificially  cultivated  in  a  soil  of  clean  sand,  and  moistened  only 
with  solutions  of  various  mineral  salts,'  Lave  germinated,  grown,  and 
fructified,  increasing,  man^-  times  over,  the  quadlity  of  organic  materi 
which  they  contained  at  the  beginning. 

This  production  of  organic  matter  takes  place  in  the  green  tissnei 
princi|)ally  in  the  leaves,  of  growing  plgji^is,  under  the  influence  of 
the  Bt^htr  lijj^lit;  and  the  first  substance  whicli  makes  its  appearance 
under  these  conditions  is  nearly  always  starch.  It  is  produced  tr<nn 
two  inorganic  matters  absorbed  from  without,  namely,  carbonic  acid 
and  water,  which  are  deoxidized  by  the  green  vegetable  tissues,  their 
elements  being  re-combined,  to  form  a  carbo-liydrate.  This  is  proved 
by  the  fact  that  oxygen  is  exhaled,  during  the  vegetative  {irocess,  in 
the  same  or  nearly  the  same  proportion  as  that  in  which  it  existed 
ori^iatly  in  the  carbonic  aciil ;  and  the  new  substance  prodacod  con- 
tains liydrogen  and  oxygen  in  Ihe  relative  proportions  to  form  water. 
The  production  of  starch  in  growing  vegetables  is  tlierefore  repre- 
sented by  the  following  formula: — 


Id 

1 


71^^^ 


Oiirbonlfl  nelil.       WAtcc.  Stnrch. 

(CoO,,    +   II „0,)  -  0,,  =  C.H„Oj. 

The  starch  thus  formed  in  the  leaves  of  plants  is  nflerward  tr'i 
formed  into  other  vegetable  sulistances  lieionging  to  tiie  group  of  the 
carbo-hydrates,  such  as  dextrine,  sugar,  and  cellulose,  and  used  for  the 
further  nutrition  of  the  plant.  When  abinxlantly  deposited  in  sjwciai 
organs,  such  as  the  starchy  seeds  of  wheat  or  Indian  corn,  or  the  tubers 
of  tlie  potato,  it  constitutes  a  rcsiCD'C  material  of  nutrition,  to  be  afleis^H 
ward  dissolve*!  an<l  eni[)loycd  for  the  purposes  of  genninalion  and^H 
growth.  It  is  from  such  natural  deposits  of  reserve,  in  the  vegetable 
falmc,  that  starch  is  obtained  in  quantity  to  serve  as  food  for  animals 
or  man. 


'   Mayer.    Lelirbuch    der    Agrikultur-Chemie. 
P  10. 


Heidelberg,    1871.   Band  i. 
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"When  taken  into  the  alimentary  canal,  atarcli  is  rapidly  transformed 
into  sugar  by  the  action  of  the  digestive  tluids  j  and  in  this  lyrui  is 
absorbed  into  the  circulatiuu. 

n.  Glycogen,  C«n,„Oj. 

This  i3  an  amj'laceona  siiljstauce  of  animal  origin,  corresponding  in 
character  with  stareh  derived  from  the  vogetalile  world.  It  is  round  in 
the  livers  of  all  vertebrate  animals  iu  tlie  lieallliy  condition,  aiid  iu  the 
niUMcles  and  integument  of  the  embryo  of  mammalia  at  an  early  period 
of  development.  It  has  also  been  discovered  in  the  oyster  and  the 
coekle-shcll.  Glycogen,  so  called  from  its  property  of  protlucing  sugar 
or  glucose,  has  the  same  eliemical  compusiLiou  as  starch,  and  agrees 
with  it  in  all  its  cssentinl  characters,  except  that  it  is  readily  soluble 
in  water,  and,  when  treated  with  iodine,  yields  a  vio^jj^^rstj  instead  of 
a  blue  color.  Its  watery  solution  is  opalescent,  and  deviates  the  plane 
of  p«>larization  strongly  to  the  right,  its  speeitio  power  of  rotation  for 
yellow  light  being  alwjut  13U^.  By  boiling  with  a  dilute  acid  it  is 
changeil  lirst  into  dextrine  and  afterward  into  sugar.  It  also  under- 
goes the  saccLarine  transformation  when  in  solution  at  the  temiHUatnre 
of  tlie  living  body  by  contact  with  saliva,  the  intestinal  juices,  tlie  sub- 
stance of  the  liver,  or  Ihe  senira  of  the  blood.  Mt  is  the  source  of  the 
sugar  pro<luced  in  the  animal  bodj',  as  starcli  is  the  source  of  that 
formed  in  vegelable8.\ 

Both  starch  and  glycogen,  accordingly,  are  to  he  regarded  as  tempo- 
rary products,  destined  tu  undergo  further  transformation  before  Ijeiiig 
used  for  the  purposes  of  nutrition.  In  vegetables,  the  starch  which 
is  abutnlantly  stored  up  at  one  period  in  tlie  cellular  tissues  is  after- 
ward liquelied  and  altered  into  other  substances;  and  although  it 
enters  so  largely  into  the  composition  of  the  vegetable  food  of  ani- 
mals, it  is  converted  into  sugar  during  digestion  in  the  alimentary 
canal. 

ni.  Sugar. 

The  proximate  principles  designated  untier  this  name  include  a  va- 
riety of  substances  which  have  certain  well-marked  cliiiractern,  and  are 
of  frequent  occurrence  iu  both  animal  and  vegetable  juices.  They  are 
cryslallizablc  and  soluble  in  water,  and  have,  when  in  solution,  a 
distinctly  sweet  taste,  which,  in  some  varieties,  is  very  highly  de- 
TcloiMxl.  They  are  all  decomposed  by  being  heated  with  sul[)huric 
acid;  their  hydrogen  and  oxygen  being  driven  off,  while  the  carbon 
remains  behind  as  a  jet-black  deposit.  In  this  condition  they  are  sj^id 
to  be  carbonized.  The  proportions  in  which  they  occur  in  various  arti- 
cles of  food,  according  to  the  tables  of  Payen,  Yon  Bibra,  and  a  few 
other  observers,  are  as  follows: — • 
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QOAKTITT  or  SCOAB 

JK  100  rARTS  IS 

J 

Cfierrifa 

, 

.     18.12 

AVlifat  flour  . 

.      2.33 

ApricuU 

. 

.     16.48 

Rye  Buur 

.       3.46 

Peacbra 

, 

.     U.61 

Burlt;y  meal   . 

.       3.04 

Peure    . 

, 

.     11.52 

Oat  meal 

2.19 

Juices  vf  ungar-i 

cane 

.     18.00 

liiiliaii  cum  meal    . 

3.71 

Sweet  potatoes 

. 

.     10.20 

Cow'9  milk     . 

.       5.20 

Beet  roots 

, 

.      8.00 

Goal's  milk    . 

5  HO 

Paramps 

. 

4.50 

Beefa  liver     . 

1.79 

The  three  princiiml  vsirieties  of  this  suhstanoe  wljicli  are  most  impor- 
tant, iu  a  }>byaiolu^ciil  puiut  ol*  view  ure  glucose,  uaiie  sugar,  and  milk 
fitigar. 

Glucose,  also  culled  grape  nngar  from  its  abundance  in  the  jnieea 
the  ripe  grape,  may  be  coiisidet-eii  as  the  most  inurkLsl  and  representa- 
tive variety  of  the  gacclinrine  substances.  It  occurs  more  frequently  ■ 
thnn  any  other  iit  the  animal  fliiidK,  ln'ing  found  iit  the  Jujces  of  the 
tn.;er,  in  the  chyle,  tlie  blood,  and  the  lymph.  In  dinbele.s  it  is  nbnnd- 
iiijtly  excreted  with  the  ijrine.  It  is  also  found  iti  the  juices  of  many 
plants,  in  various  sweet  fruits,  and  iu  honey,  where  it  i»  associated  with 
certain  other  varieties.  It  is  freely  soluhle  in  water.  Its  solution  h&s 
a  moderately  eweet  taste,  aud  deviates  the  plane  of  |K)lurt2atioi)  toward  m 
the  light  53.5°.  1 

It  is  this  form  of  sugar  which  is  produced  fi-om  starch  (it  boiling  with 
dilute  acitis,  by  the  action  of  tlie  digestive  fliiiils  of  the  alimentary  canal,  j™ 
and  in  the  plant  dtiring  the  process  of  vegetation.  The  change  consi^ts/H 
in  tiie  aHsiHTiption  by  ntarch  of  the  elements  of  water  in  due  {iioporlion, 
the  new  sniistaneo  thus  produced  >)eing  still  a  carlwi-hydr.nte.  The 
transrormalioii  of  Btarcb  into  glucose  is  therefore  represented  as 
follows : — . 

Ktareh.       Wnter.        OIuco«p. 
C,H,„0,-»-lI,0  =  L\H,A- 

Glucose  may  be  recognized  in  solution  by  various  well-marked  tests. 
First,  the  action  of  alkalicH  at  a  boiling  lemperalure.  If  a  solution  of 
glucose  l>e  treated  with  a  solution  of  potassium  hydrate  and  heat  n|)plied, 
the  sugar  is  decorajwaed  and  the  li<iuid  assume**,  iir.st,  a  yellowish  and 
then  a  brown  color,  which  becomes  deejKT  in  proportion  to  the  amount 
of  glucose  and  alkali  esisting  in  the  solution.  This  is  not  a  certain  tost 
for  tljc  presence  of  glneose,  an  some  other  organic  matters  are  discolored 
in  a  similar  way  by  the  strong  alkalies ;  but  it  will  serve  to  distinguish 
it  from  certain  varieties  of  sugar,  which  do  not  possess  this  property. 

Secondly,  the  test  most  commonly  employed  for  detecting  glucose 
depends  upon  its  power  of  reducing  Iht  nails  of  copper  in  a  boiling 
ullcaline  solution.  This  t«Bt,  which  is  known  as  *' Troramer's  lest,"  is 
appiicil  in  the  fnllowing  maimer:  A  very  small  quantity  of  copper 
sulphate  in  solution  should  be  addctl  to  the  suspected  Uqui<l,  aud  the 
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mixture  then  rendereil  distinctly  alkaline  by  tb6  addition  of  potassium 
hydrate.  The  whole  solution  then  lakca  a  deep-blue  color.  On  Uoiling 
the  mixture,  if  sugar  be  present,  the  cupper  subctxido  is  thrown  down  as 
ftn  opaque  red,  yellow,  or  oi-ange-colored  deposit;  otherwise  no  change 
of  color  takes  place.  In  this  reaction  tlie  sugar,  which  is  oxidized  at  a 
high  tem|K"rRture  under  the  influence  of  the  alkali,  tukes  a  portion  of 
its  oxygen  from  the  co[>p«r  in  the  copper  salt,  and  thus  reduces  it  to 
the  form  of  an  insoluble  suboxide. 

Some  precautions  are  necessarj'  in  the  use  of  this  test.  As  a  general 
rule,  only  a  small  quantity  of  the  copper  sul[>hate  should  >>e  added  to 
the  liquid  under  examination,  just  suHlcient  to  give  to  the  whole  a  dis- 
tinct blue  tinge  after  the  addition  of  the  alkali.  If  the  copper  salt  be 
u»e«l  in  excess,  the  sugar  in  solution  may  not  be  audlcient  to  reduce  the 
whole  of  it;  and  that  which  remains  as  a  blue  sulphate  may  mask  the 
yellow  color  of  that  which  is  thrown  down  as  a  deposit,  Tliia  diffi- 
culty may  lie  removed  by  due  care  in  the  proportion  of  the  ingre- 
dients. 

Furthermore,  there  are  some  albuminous  substances  whicli  liave  the 
j)Owcr  of  interfering  with  Troramer's  test,  and  pr«vcMit  the  reduction  of 
the  copper  even  when  sugar  is  |)re&ent.  Certain  animal  matters,  to  be 
more  partieidarly  de8cril>ed  hereafter,  which  are  liable  to  be  hold  in  solu- 
tion in  the  gastric  juice  and  in  the  blood,  have  this  etfect. 

The  ordinary  ingredients  of  the  urine  also  interfere  with  the  complete 
reaction  of  Trommer's  test,  by  hoKIing  the  copper  oxide  in  solution,  so 
that  no  precipitate  takes  place  when  glucose  is  present,  although  the 
liquid  turn.s  yellow  on  boiling.  A  very  large  proportion  of  glucose  may 
Iw  added  to  fresh  urine  without  giving  rise  to  a  pulverulent  precipitate 
on  the  application  of  Troranier's  teat;  notwithstanding  that,  if  dis- 
solved in  water,  it  will  react  in  the  proportion  of  one  part  in  10,000. 
That  the  interference  of  urine  with  Trommer'a  test  depends  on  its 
retaining  in  solution  the  reduced  copper  oxide,  and  not  upon  its  pr»s 
venting  deoxidation,  is  indicated  by  the  fact  that  the  color  of  the 
mixture  changes,  as  u«uftl,  from  blue  to  yellow  although  no  precipitate 
place ;  antl  nlso  by  the  exix-riments  of  Dr.  Fowler,'  who  has  shown 
if  the  precipit.ite  resulting  from  Trommer's  test  with  a  waterj'  solu- 
of  glucose  be  added  to  boiling  urine,  it  is  at  once  redissolved.  The 
same  observer  has  devised  a  method  of  applying  the  test  successfully 
notwithstanding  the  interference  of  the  urine.  A  certain  quantity  of 
urine  can,  of  course,  only  dissolve  a  certain  amount  of  copper  oxide ; 
and  if  the  copper  sulphate  solution  be  added  to  a  specimen  of  saccharine 
urine  in  large  proportion,  the  excess  will  be  precipitated  and  show  itself 
as  a  deposit.  A  copper  sulphate  solution,  made  in  the  proportion  of  1 
part  copper  sulphate  to  7..'>  fuirts  of  water,  and  lulded  to  saccharine  urine 
to  the  amount  of  one-hnlf  or  one-third  its  bulk  will  generally  l;e  suffi- 
It  to  pro<luce  a  satistactory  reaction. 


'  New  Turk  Medical  Joamal,  June,  1874,  p.  632. 
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All  sources  of  error  of  this  kind,  ililc  to  the  presence  of  extraneous 
substances,  uia^'  l>e  avo]<lt'd  in  delicate  examinations,  by  treating  the 
suspected  fluid  with  tinimal  charcoal,  or  by  eviiporatiug  it  to  dryness, 
extracting  the  dry  residue  with  alcohol,  :ind  then  dissolving  the  dried 
alcoholic  extract  iu  water,  before  the  apj^tlicaLion  of  thi;  test.  Kither  of 
these  processes  vr'iU  remove  the  substances  which  interfere  with  the 
action  of  Tiummer's  test,  tuid  will  leave  the  glucose  by  itself  in  the 
watery  solution. 

A  more  delicate  form  of  the  cupper  test  for  glucose  is  in  tiie  employ- 
ment of  '*  Felding*8  liquor,"  which  i«  au  alkaline  solution  of  a  double 
copper  and  potassium  tartrate.     It  is  made  as  follows: — 

Taiie — Pare  crystallized  co|iper  salpUule 40  grammes. 

Nctitra!  jwlussium  lartmte 160        " 

A  Bolutiou  of  Bodiuni  hydrate  of  the  specific  gravity  L12  .     650        " 

The  neutral  potassium  tartrate,  dissolved  iu  a  little  water,  is  first 
mixed  with  the  solution  of  sodium  hydrate.  Then  the  copper  sulphate, 
dissolved  in  160  cubic  centimetres  of  water,  is  gradcially  added  to  the 
alkaline  liquor,  which  assumes  a  clear,  deep  blue  color.  The  whole  is 
finally  diluted  wiib  water  to  the  volume  of  11.t4.4  cubic  centimetres. 
If  one  drop  of  this  liquid  bo  added  to  one  cubic  centimetre  of  a  saccha- 
rine solution  and  heat  a]»plied,  it  will  dett-ct  one-fifteenth  of  a  milli-  _ 
gramme  of  glucose  by  the  reduction  of  the  eopixn*  oxide.  One  advan*  ■ 
tage  of  Febling's  liquor  as  a  test  is  that  the  quantity  of  copper  salt 
contained  iu  a  given  volume  is  nceurately  known,  and  consequently  not 
only  the  presence  but  also  the  amount  of  glucose  in  any  solution  may 
be  dcUTmiiicd  by  the  quantity  of  t<jst  liquid  which  it  decomposes  at  a 
boiling  temperature.  One  cubic  centimetre  of  Fehling's  liquor  is 
exactly  decolorized  by  y^ijth  of  a  gramme  of  glucose. 

One  inconvenience  eoniieeted  with  this  test  is  that  Fehling'a  liquor  by 
exposure  to  the  air  and  light  undergoes  an  alterstion,  in  wliich  some  of 
its  tartaric  acid  disap|>ears  and  is  reiihiced  by  carbonic  acid.  In  this 
condition  it  will  partially  precipitate  on  boiling,  even  without  the  pres- 
ence of  sugar.  To  guard  against  this, it  slioultl  T>e  kept  in  bottles  which 
are  quite  full  nnd  protected  frcmi  the  light ;  and,  in  every  ease  where  a 
suspected  fluid  is  to  In2  examined  for  sugar,  a  small  portion  of  the  test- 
liquor  should  be  previously  boiled  by  itself,  in  order  to  !>e  sure  that  it 
has  not  undergone  spontaneous  decomposition.  Although  by  exposure 
to  the  air  and  light  at  a  summer  temperature,  Febling's  liquor  may  become 
altered  at  the  end  of  a  week,  yet  if  protected  from  the  light,  in  carefully 
closed  and  lull  bottles,  it  can  Iwi  kept  unchanged  for  two  or  three  years. 

Tliirdly,  the  most  marked  aufl  distinctive  property  of  glucose,  in  a 
physiological  sense,  is  its  capacity  for  fer  mental  ion.  If  a  watery  solu- 
tion of  pure  glucose  be  left  to  itself,  even  exposed  to  the  air,  no  remark- 
able chiiuge  takes  place  in  it.  But  if  a  small  quantity  of  beer-yeast  be 
added  ami  the  mixture  kept  at  a  temperature  of  about  25°  (77-^  F-),  after 
■     a  short  time  it  becomes  turbid.     It  then  develops  an  abundance  of 
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carbonic  acid,  which  ia  i)ai'tly  rliesoh-ed  in  the  liquid  and  partly  rises 
in  the  form  of  gas  bubbles  to  iU  surface.  It  is  this  circumstance  which 
has  given  to  the  process  tlie  nunie  of  "  fermuntatioii"  or  boiling.  At  the 
same  time  the  sugar  is  gracluaily  destroyed  and  aleobul  appeurs  in  it.-* 
place.  Finally  tLe  wh<ile  of  the  glucose  is  deeotuposetl,  having  been 
eonvertwl  j)riucipaHy  into  akohul,  C'^ll^O,  mid  carbonic  acid,  CO.. 
Th<'n  the  fermentation  stops  aiitl  the  liquid  becomes  clear,  its  turbid  con- 
tents subsiding  to  the  bottom  as  a  whitish  layer.  This  layer  is  itself 
found  to  consist  of  yeast,  which  him  increased  in  quantity  over  that 
originally  addetl,  and  is  itself  capable  of  exciting  fermeutation  in  another 
saccharine  liquid. 

If,  instead  of  a  solution  of  pure  glucose,  we  employ  the  expressed 
juices  of  certain  fruits,  like  those  of  the  graix*,  which  contain  nitro- 
genous albuminoid  matters  in  addition  to  glucose,  fermentation  i>egii»s 
•Aot  a  certain  period  of  ex|x>sure  to  the  air,  and  goes  on  with  the  same 
phenumena  and  results  as  Ijefore.  This  is  the  natural  source  of  jill  the 
vinous  and  alcoholic  fliii<ls  U8<*d  by  man  ;  namely,  the  fermcntatiuii  of 
sotoe  fluid  contfiinini,^  ulucosc  or  a  similar  saccharinu  substuuce. 

The  alcoholic  fermentation  of  glucose  is  due  to  the  vegetative 
action  of  a  microscopic  fungus,  known  as  Saccharotnycev.  This  plant 
Consists  entirely  of  cells  which 


Fig.  6. 


multiply  by  a  process  of  bud- 
ding, but  do  out  produce  fila- 
ments, nor  any  compoimil  ve- 
getable fabric.  The  8|  secies 
which  is  present  in  beer-yeast 
is  the  "  Saccharomyces  cerevi- 
ttt«i."  Its  colls  are  usually 
roundetl  in  form,  somctiracs 
oval  (Fig.  0).  They  vary  in 
sixe,  but  the  greater  number 
have  an  average  diameter  of  10 
nmm.  They  have  a  very  thin 
investing  integument,  which 
incloses  a  finely  granular  semi- 
Boliil  substance,  often  with  one 
or  two  roun<led  c.ivities  or 
vacuoles  filled  with  Ilnid.  The 
cells  are  mostly  isolate*!,  but 
occasionally  two  of  tliem  may 

be  seen  jidliering  to  each  otiicr.     There  is  also  a  small  amount  of  inter- 

ci'lluliu-  liquid,  containing  idburainous  matter  iind  various  mineral  salts. 

When  a  little  of  the  j-east  is  added  to  st  solution  containing  glucose, 

the  cells  of  the  yeast-plant  after  a  short  time  begin  to  multiply  by  bud- 

KThe  buds  increase  nqudly  in  size,  and,  when  the  yoiuig  cell  has 
'  attaiueil  the  size  of  its  p.treiit,  it  usually  separates  and  begins  an 
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Fig,  7.  independent  existence.     While 

in    this    active    coitilition   the 

cells  are  mostly  oval  in  form, 
mill  have  an  average  diameter 
of  oil  ly  .1  little  more  than  Smnim. 
Olteri  two  and  three  are  seen 
cnnjieeteil  together,  forming 
uioniliform  ehains.  It  ia  by 
the  active  growth  and  develop- 
ment of  the  ccIIh  tluring  this 
prooese  that  the  glucose  of  the 
solution  is  decomposed,  and 
alcohol  and  carbonic  acid  pro- 
duced in  its  place.  Another 
sjMH-ies  of  tsaecharomyces  forma 
the  fiiiigim  of  Itread-yeast,  and 
a  third  the  ferment  of  grape- 
juice  Uy  which  it  is  made  to  un- 
dergo the  vinous  fermentation. 
When  fermentation  is  used  as  a  test,  a  little  l)eer-yea8t  h  added  to 
the  sn]ipnsed  saccharine  fluid,  and  the  mixture  ke]]t  at  the  temperature 
ofulxjut25''  (77"  F.).  The  gas  which  ia  given  offdurinfr  the  process 
is  collected  and  examined,  and  the  remainiiic:  fltiid  is  purified  by  distil- 
lation. If  the  gas  he  found  to  he  earlionie  acid,  mid  if  the  distilled 
litinid  contain  aleoliol,  there  can  be  no  doubt  that  a  fermGutable  sugar 
was  originally  present  in  the  solution,  Olucose  undergoes  fermenta- 
tion more  readily  and  completely  than  most  other  varieties  of  sugar. 

Lactose,  C„H„0„.  or  Sugar  of  Mflk. 
This  is  the  variety  of  sugar  which  is  found  in  milk,  the  only  fluid  in 
which  it  is  known  to  occur.  It  is  less  freely  soluble  than  glucose,  and 
its  sweet  taste  is  less  marked.  In  watery  solution  it  rotates  the  plane 
of  poLrrization  to  the  right  58".20.  In  chemical  composition  it  is 
isomeric  with  glucose,  which  it  resembles  in  several  of  its  reactions, 
namely,  in  Iwing  decom])08ed  and  turned  brown  by  boiling  alkalies,  in 
readily  re'Uicing  the  cop])er-oxide  in  Tromraer's  and  Fehling's  tests, 
and  in  undergoing  the  alcoholic  ferraentation  under  the  influence  of 
yeast.  It  eutcr.'j  into  fermentation,  however,  very  slowly,  as  compared 
with  glucose,  and  the  process  is  usually  incomplete.  If  fermentation 
go  on  in  tlie  milk  itself,  or  in  the  presence  of  other  ingredients  of  the 
milk,  a  part  of  the  sugar  is  converted  iiUo  lactic  acid,  0,11,0,,  also  a 
carbo-hydrate.  My  boiling  for  some  time  with  dilute  sulphuric  or 
hydrochloric  acid,  lactose  becomes  readily  and  comptetely  fermentable. 
This  sugar  forms  an  important  element  in  the  food  of  the  young 
infant,  being  a  constant  ingredient  of  the  milk.  It  is  not  known 
from  what  substance  it  is  formed  in  the  tissues  of  the  mammary  gland ; 
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but  it  is  evidently  a  reserve  material,  intended  for  the  nutrition  of  the 
infant,  and  not  for  consumption  in  the  body  of  the  pai'ent. 

Saocharoae.  C„II„0,„  or  Cane  Sugar. 

This  variety,  the  oldest  known  species  of  sugar,  is  derive<l  from  the 
juices  of  the  sugar  cane,  where  it  exists  in  great  almndance.  It 
solidifies  on  cooling  from  a  hot  concentrated  solution  in  the  well- 
known  white  granultir  uryijtnllline  masses,  the  form  in  which  it  is 
generally  used  for  culinary  purposes.  If  crystallizetl  more  slowly,  it 
furnishes  large,  colorless,  prismatic  crystals,  in  which  form  it  is  knuwn 
as  "  rock  candy"  or  •'  sugar  candy."  This  sugar  is  also  manufactured 
from  the  juices  of  the  beet-root,  and,  imperfectly  purified,  fruni  those  of 
the  sorghum  and  the  sugar-maple.  It  exists  to  some  extent  in  tlie 
green  stems  of  Indian  com,  in  sweet  potatoes,  in  parsnips,  turnips,  and 
carrots,  and  in  the  spring  juices  of  the  birch  and  walnut  trees.  Honey 
is  a  mixture  of  glucose  and  saccharose,  together  with  various  other 
substances. 

Cane  sugar  originates  from  glucose,  in  the  process  of  vegetation,  by 
B  clmnge  the  reverse  of  that  by  which  glucose  itself  is  formed  from 
starch,  that  is,  by  the  loss  of  oxygen  and  hydrogen  in  the  proportions 
to  form  water.  A  comparison  of  the  chemical  comjiosition  of  the  two 
substances  will  show  the  manner  in  which  the  tnuisformation  takes 
place,  namely : — 

IL  Olueote.  Water. 

f  2(C.H„0J  -  11,0  . 

Saccharose  is  the  most  soluble  of  all  the  sugars,  and  has  the  strongest 
sweet  taste.  It  rotates  the  plane  of  polarization  to  the  right  73^^.8 i. 
J I  differs  in  its  reactions  from  glucose  by  the  fact  that  it  is  not  turned 
brown  by  boiling  with  an  alkali,  and  does  not  reduce  the  copper-oxide 
in  Trommer's  test,  or  does  so  very  slowly  and  imperfectly.  It  may  be 
converted  into  glucose,  however,  by  a  few  seconfls'  boiling  with  a  trace 
Vof  dilute  mineral  acid,  and  will  then  react  promptly  both  with  boiling 
_  'alkalies  and  with  Trommcr's  test.  Cane  sugar  is  not  immediately 
fermentable,  but  by  contact  with  yeast  it  is  after  a  time  changed  into 
glucose,  and  finally  enters  into  fermentation.  As  it  occurs  in  the 
tissues  of  the  living  vegetable,  it  is  reganled  as  a  reserve  material, 
whicli  is  subsequently  reconvcrte<l  into  glucose  for  the  purposes  of 
nutrition.'  When  taken  as  food,  it  is  transformed  into  glucose  by  the 
intestinal  fluids  in  the  digestive  process. 

Sugar  and  starch,  accordingly,  in  all  their  varieties,  are  closely  allien! 
to  each  other,  both  in  their  chemical  and  physiological  relations.  Their 
proi)ortions  of  h^'drogcn  and  oxygen  are  such  as  to  have  given  them,  as 
A  class,  a  distinct  name,  and  their  mutual  convertibility'  in  the  process 
of  vegetation  has  been  shown  by  abundant  investigations.  Starch  and 
^^.sug^r,  in  the  living  plant,  represent  the  same  nutritive  material  under 

'  '  Mayer.  Aprikaltut-Chemie,  Band  i.  p.  122. 
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two  (lilFereut  conditions;  starcli  Itoiiig  the  substance  iu  the  form  of  a 
Bolkl  deposit,  anil  glucose  iu  the  forju  of  solution  and  activity.' J  Iu 
the  animal  botly,  the  glycogen  of  the  liver  is  converted  into  solnbia 
{flucosc,  niid  lIuiH  cntor.i  the  ciiculjilion  before  it  takes  an  active  part 
in  the  ntitritivo  operations;  mid  vegetable  starch,  when  taken  au  food, 
undergofs  the  same  trunsrortuation  in  the  inlei^tlnal  canal.  Finally  fl 
these  subatances,  from  whatever  source  tliey  may  lie  derived,  arc  com- 
pletely  decomposed  in  the  iuterior  of  the  system,  and  do  not  reappear, 
in  any  notable  quantity,  in  the  excreted  fluids  of  the  body. 

IV.  Fats. 

The  fatty  matters,  or  fixed  oils,  are  distinguished  from  the  preceding 
group,  so  far  aa  regards  their  thi-micul  composition,  by  the  fact  that  the^- 
do  not  contain  liydrogen  and  oxygen  in  the  jiroporttoim  to  form  water, 
the  oxygon  being  present  in  smaller  quantity;  and  also  bj'  their  large 
proportion  of  carbon,  which  preponderates  much,  by  weight,  over  the 
other  two  elements.  This  fact  is  probably  connected  with  the  strongly 
marked  iutlaunniibility  which  conslitutcK  one  of  their  most  useful  pro- 
perties, the  oils  being  decomposed  at  a  temperature  of  300*^  (r,ny^  F.)^ 
and  burning  with  a  bright  flame.  The  peculiarly  smooth  consistency 
of  the  oleaginous  matters  is  also  one  of  their  distiuguishing  features, 
and  enables  them  to  be  employed  as  lubricating  substances,  to  diminish 
the  friction  between  opposite  surfaces. 

The  fats  are  all  insoluble  in  water,  slightly  soluble  in  alcoliol,  and 
freely  soluble  in  ether,  which  is  ancordingly  used  with  advantage  in 
extracting  them  from  their  admixture  with  other  organic  matters. 
They  are  also  readily  soluble  in  each  other.  They  exhibit  no  rotatory 
action  upon  polarized  light.  They  are  all  fluid  at  a  high  temperature, 
and  crystallize  on  i^a^ing  cooled  down  to  the  requisite  point;  the  precise 
degree  at  which  crystallization  takes  place  varybtg  for  the  ditferent 
kintls  of  fats. 

The  fata  ar«  not  only  insoluble  In  water,  but  they  reAise  to  mix  with 
it,  even  after  prolonged  mechanical  agitation ;  and  as  soon  as  the  two 
fluids  are  left  at  rest  they  se])arato  from  each  other,  the  water  remain- 
ing below,  and  the  oil  rising  to  the  surface,  where  it  collects  as  a  dis- 
tinct layer.  But  if  thu  watery  fluid  contain  a  trace  of  free  alkali,  thet 
oil  is  broken  up  into  minute  particles,  wbich  are  disseminated  uni-j 
forml}'  throngliont  the  fluid  and  held  in  permanent  suspension.  Such 
a  fluid  is  called  an  ftmihion,  and  presents  an  ojinqno  wiiite  color,  owing 
to  the  intimate  mixture  of  watery  and  oleaginous  particles  having 
diflcrcnt  refractive  powers.  In  an  emulsion,  the  oil  does  not  suffer  any 
chemical  modilieation,  but  is  simply  broken  up  into  n  state  of  minute 
dissemination.  It  can  be  recovered,  witii  all  its  original  characters, 
by  evaporating  the  watery  fluid  and  extracting  the  oil  from  tlie  dry 
residue  by  means  of  ether.     Oil  may  also  be  emulsioncd   by  contact 

Sachs,  Trait6  dc  Botaaiqac.     Paris,  1874,  p.  840. 
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with  certain  nitrogenous  organic  matters  of  an  nlbuminoua  nature. 
White  of  egg,  or  the  serum  of  blood,  exerts  tliis  effoct  in  nn  eiitngetic 
manner,  and  the  fatty  subatauces  of  milk  are  held  in  suspension  by  ita 
liquid  albuminous  ingredients. 

Another  characteristic  of  the  tnic  fatty  suiwtances  is  their  property 
of  saponification^  that  is,  of  Ibrraing  soaps  M'lieu  sultjected  to  certain 
chemical  influences.  If  either  of  the  natund  fats  Ue  boiled  for  a  con-N 
sidcrable  time  in  the  watery  solution  of  a  free  alkali,  it  is  decomposed, | 
with  the  pro<luction  of  two  new  bodies — first,  glycerine  (CjII„OJ,  n  neu- 
tral fluid  substance  wiucli  is  soluble  iu  water;  and  secondly,  a  fatty 
acid  which  combines  with  the  alkali  and  forms  a  soap.  An  analogous 
change  is  thought  to  take  place  with  a  |)ortiotJ  of  the  fatty  mailers  iu 
the  animal  fluids. 

The  fats  are  derived  from  both  the  animal  and  the  vegetable  world. 
They  are  present  in  many  of  the  solids  and  fluids  of  the  living  body, 
and  are  found  also  in  many  varieties  of  vegetable  food.  The  following 
list  gives  the  proportion  of  fat  in  various  alimentary  substances,  accord- 
ing to  the  tables  of  Paycn  : — 

QcAMiTY  OP  Fat  ik  100  Parts  in 

Beef's  flesh  (ftvcrag:o) .        5.19 

Calf's  liver .  .  .         5.r»8 

Mackerel     ,  C.7C 

Salmon         .  .  4.Hii 

Oysters  .  l..*d 

Cow's  milk  .  .  .        3.70 

Fowl's  egg  .  .        7.00 

Beside  entering  an  an  iiigi'edient  into  the  above  articles,  fnt  is  often 
taken  with  the  food  in  a  pure,  or  nearly  pure  form,  as  butter,  olive  oil, 
or  the  various  kinds  of  adipose  tissue. 
/^  Fat  is  produce<l  in  the  vegetable  tissues,  perhaps  to  some  extent 
/  directl3'  from  carbonic  acid  and  water,  but  certainly  in  considerable 
l^^ quantity  by  transformation  of  the  starch  originally  formed.'     It  is  froin_^ 
this  source  that  the  fat  so  abundantly  stored  up  in  fiily  seeds  luul  fruits 
U  mainly  derived;  and  in  this  situation  it  is  retained  until  required  for 
the  purposes  of  germination  and  growth.     It  is  accnmidaled  in  some 
K'eds  and  fruits  in  remarkable  qtmntity,  particularly  in  those  of  the 
rwe«t  and  bitter  almond,  the  chocolate  tree,  hemp,  flax,  riciniis  com- 
mnnis,  and  Croton  tigliurn,  where  it  esists  in  the  proportions  of  from 
a  to  OU  per  cent. 

The  three  most  important  varieties  of  fat  are  those  known  as  StenrinPy 
Palniitine^  and  Oleine.  They  resemble  each  other  in  their  general 
rharacters,  and  differ  mainly  in  their  degree  of  fluidity  at  correspond- 
ing temperatures;  stcarine  solidifying  t)ie  most  readily  of  the  threci 
while  oleine  remains  fluid  at  a  lower  temperature  than  either  of  thdj 
others. 


Wheat 

2.10 

Iiniian  com . 

8.80 

PiitlltiX'S 

0.11 

Mrinis  . 

2.50 

Pias    . 

2.10 

Sweet  almonds 

24.28 

Chocolate  nut 

49.00 

I  Mayer,  Agrikultar-Cbemie,  Bund  i.  pp.  84,  85. 
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Stearine,  Cf,H„aO,, 

So  calleil  from  the  readiness  witli  which  it  assumes  the  solid  form,  is  a 
main  ingre<Uent  of  the  more  cousistent  fats.     It  li(|uelies,  when  pure,  at^a 
about  IJ0°  (l4U^i''  ),  ami  again  solidities  ivheu  the  tempt'ratiire  falls  t<p| 

or  a  little  below  this  point.    It 


Fig.  8. 


crystallizes,  on  cooling  from  a^— 
warm  solution  in  oleine,  in  fiQ<^^ 
radiiiting  needles  which  often 
fultuw   a  wftv}'  or   cnrvilinear 
direction.       It   is    rather  lei 
freely  Holnblc   in    alcohol   an 
ether  than  the  other  fatty  8ul> 
stances. 


Falmitine,  Oj,H^O, 


1 


Was  first  recoj^tnzert  as  an  ii 
gre<lieut  of  palm  oil,  a  semi 
solitl    fnt    ubt^ined    from    the 
seed  of  an  African  jijilm.     It^ 
cr}'stallizes, on  cooling  from  itl^f 


8TiBA.aiXB,ar]ratalllze(l  from  a  WBrm  tolutlon  in 
Ololne 


concentrated  alcoholic  or  ethe- 
real solution,  in  the  fonn  of 
slender    needles.     It    liquefit-s 

about  the  temperature  of  46°  (ll''>°r).     It  i»  found  in  considerable 

abundance  in  a  variety  of  animal  and  vegetable  fata 


.0. 


Oleine,  Cj,H,j, 

As  its  name  indicates,  this  is  the  representative  ingredient  of  the  oiltt, 
or  liquid  fatty  substances.  When  pure  it  is  transparent  and  colorless. 
It  retains  its  fluidity  at  all  onlinary  temperatures,  and  even  below  the 
freezing  point  of  water.  It  readily  dissolves  both  stearine  and  pahni- 
tine,  its  solvent  power  for  these  substances  increasing  with  the  elevation 
of  the  tt'm|)cnUurc. 

None  of  tht-se  oleaginous  substances  occur  naturally  in  an  isolated 
form,  but  they  are  mingled  together  in  varying  proportions  in  all  the 
ordinary  animal  and  vegetable  fata  and  oils.  The  consistency  of  the 
mixtures  varies  with  the  relative  quantity  of  their  different  fatty  ingre- 
dients. Thus  the  more  solid  fnts,  such  na  suet  and  tallow,  consist 
largely  of  stearine ;  the  softer  fats,  as  lard,  butter,  and  the  ingredients 
of  human  adipose  tissue,  contain  a  greater  abundance  of  palmitine; 
while  the  liquid  fats,  like  the  fish  oils,  olive  oil,  and  nut  oil,  are 
composed  mainly  of  oleine.  Asa  general  rule,  in  the  bodies  of  the 
warm-blooded  animals  these  mixtures  are  fluid,  or  very  nearly  so,  in 
consistency;  for,  although  both  stearine  and  palmitine,  when  pure,  are 
solid  at  the  ordinary  temperature  of  the  body,  they  are  held  in  soln- 
tion  during  life  by  the  oleinc  with  which  they  are  associated.    Afber 
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death,  as  the  body   cools,  the 


Fig.  9. 


OLSAOiirors  Priwciplkb  op  Humax 
Fat.  Stearliic  nod  Palmltlne  ory»talUie<li  Ole- 
Ine  fluid. 


BteaHne  and  palinitine  some- 
times separate  iu  a  crystalline 
form,  since  the  oleine  can  no 
longer  hold  in  solution  so  large 
a  quantity  as  it  hud  dissolved  at 
a  higher  temperature.  (Fig.  9.) 
When  in  a  fluid  state,  the  fatty 
Bubstancea  present  themselves  in 
the  form  of  drops  or  globules, 
which  vary  greatly  in  size,  but 
which  may  be  readily  recog- 
nize<l  by  their  optical  proper- 
ties. They  are  circidar  in  slja|>e, 
with  a  sharp  well-deflned  out- 
line. The}'  often  hare  a  faint 
amber  color,  whit-li  is  distinctly 
marked  in  the  larger  gloluitcs, 
less  80  in  the  smaller.  As  they 
have  a  higher  refractive  power  than  the  watery  fluids  in  which  they  are 
immerstil,  they  act  under  the  microscope  as  double  convex  lenses,  and 
concentrate  the  light  trjujsmittcd  through  thein,  at  ft  point  above  the 
level  of  the  liiiuid.  Consequently,  they  present  the  appearance  of  a 
bright  centre  surrounded  by  a  dark  Ijorder.  If  the  lens  of  the  micro- 
8Coi»e  be  lifttnl  farther  awa}',  the  centre  of  the  globide  becomes  brighter, 
and  its  liorders  darker.  These  characteift  will  usually  be  sufllcieut  to 
distinguis^h  them  from  other  fluid  globules  of  less  refractive  power. 

The  oleaginous  matters  present  a  striking  peculiarity  in  regard  to  the 
form  under  which  they  occur  in  the  living  body,  and  one  which  distin- 
guishes them  from  other  ingrwbents  of  the  animal  solids  ami  fluidM 
The  remaining  proKimato  principles  of  different  groups  arc  intimately 
associated  together  by  molecular  union,  so  as  to  form  either  clear  solu- 
tions or  homogeneous  solUls.  Thus  the  saccharine  matters  of  «he  b|oo<l 
or  the  milk  are  in  solution  in  water,  in  company  with  the  albumen,  the 
lime  phosphate,  sodium  cidoride,  and  the  like;  all  of  them  equally  dis- 
tributed throughout  the  general  mass  of  the  fluid.  In  the  lx»nes  and 
cartilages,  the  animal  matters  and  the  calcareous  salts  are  in  similarly 
intimate  union  with  each  other;  and  in  every  other  part  of  the  body  the 
animal  and  inorganic  ingredients  are  nnite<l  in  a  similar  way.  Hut  it  is 
different  with  the  fats.  For,  while  the  three  principal  varieties  of 
oleaginous  matter  are  united  with  each  other,  they  are  not  united,  as  a 
general  rule,  with  proximate  principles  of  other  kinds  ;  that  is,  with 
water,  saline  substances,  suirar.  or  albumen.  The  fats  are  soluble  to  a 
certain  extent  in  the  ingredients  of  the  bile,  and  they  are  found  in  small 
quantity,  in  the  aaponifled  condition,  in  the  plasma  of  the  blood,  as 
sodium  stearate,  palmttale,  or  olcatc.     liut  iu  by  far  the  larger  propor- 
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tiou  of  cast'9,  instea'I  of  foiniing  a  bomogfiieous  send  or  fluid  with  the 
other  proximate  |>rineiple9,  the  oleaginous  matters  are  foitiul  in  distinct 
[tnsisses  or  globules,  Buspemled  in  the  seruus  fluids,  interposed  in  the 
interstices  between  tlie  aiuitouiical  elements,  iueliided  in  the  interior  of 
cells?,  or  dcijosited  in  the  subBtiince  of  tibres  or  meuibranes.  Even  in 
the  vegetable  tissues,  oil  ia  always  depositeil  in  distinct  drops  or 
gruuules. 

Owing  to  this  fact,  the  oils  can  be  easily  extracted  from  the  organized 
tissues  by  the  eraployment  of  tiu'cliauienJ  ]iroeeHses.  The  tissucH,  animal 
or  vegetable,  are  cut  Into  suutll  pieces  and  subjected  to  pressure,  by 
which  the  oil  is  forced  out  from  the  parts  in  wliich  it  was  entangled, 
and  separated,  sometimes  without  further  manipulation,  in  a  state  of 
comparative  purity.  A  nioilenttely  elevatt'd  tumiierature  nieilitates  the 
operation  by  iucreafiing  the  fluidity  of  the  oleaginous  mutter ;  but  no 
cliemical  agency  is  require<l  for  its  separntion.  Under  the  microscope, 
oil-<Irop8  and  granules  can  l>e  readily  distinguished  from  the  remaining 
parts  of  a  tissue,  and  ma^'  also  be  recognized  by  the  ilissolving  action 
of  ether,  which  acts  upon  them,  for  the  most  part,  without  attacking 
the  other  proximate  principles. 

Oils  are  found,  in  tlie  animal  body,  most  alumdnntly  in  the  adipose 
tissue.  Here  they  are  contained  in  the  interior  of  the  adipose  vesicles, 
the  cavities  of  which  they  com]iletely  fill,  in  a  state  of  health.  These 
vesicles  are  transparent,  and  have  a  partly  angular  form,  owing  to  their 
TnutunI  compression.  (Fig.  10.)  They  vary  in  diameter,  in  the  human  sub- 
ject, f^om  28  mmm.  to  125  mmm.,  and  are  composed  of  a  thin,  structure- 
less animal  membi'ane,  forming 


Pig.  10. 


a  closed  sac, in  the  interior  of 
which  the  oily  matter  is  con- 
tained. The  oil,  accordingly, 
is  simply  included  mechani- 
cnll}'   in   the   interior   of    the 


vesicles. 


Sometimes,    when 


emaciation  is  going  on,  the  oil 

11     \^f   \^-yZJCV  -*   r        T^i^^l       partially  disapjiears  from   the 
^^^^^5^^«if^^V  K^_l/7v^       cavity  of  the  adipose  vesicle, 
'III     My^—M^i       ^^^^4i    ^\l       "^"^^   '^^   place   ia   taken   by  a 
\  ^ — ^#^      \       /        watery  serum  ;  bnt  the  serous 
\  1^— ■^L  ^.^T W-— -';ii^^/  """^  oily  fluids  remain  distinct, 

I       \         V  ^^^^^_>^-^^P^  and  occupy  ilifferent  parts  of 

f  >v  v^yy"^  the  cavity  of  the  vesicle. 

I  ^^v,.^^^         ^^^..^  In  the  chyle,  the  oleaginous 

I  urrw. .!»,...  T..-,r-  matter  is  in  a  state  of  emul- 

I  HotAs  AoiruBK  Tisarx. 

f  sion  or  suspension  in  the  form 

of  minute  particles  in  a  serous  fltnd.  Its  suMivision  i-s  here  more  com- 
plete, and  its  molectiles  more  minute,  than  anywhere  else  in  the  body. 
It  presents  the  appearance  of  a  fine  granular  dust,  which  has  been  known 
by  the  name  of  the  "  molecular  base  of  the  chyle."     A  few  of  these 
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Chtlk,  ttom  commencement  of  Thomclc  Duet, 
from  the  Vog. 


to  he  seen 
mea*«ure  2.5  mmm.  in  dirtineter ; 
but  tliey  are  goiitrally  inucli 
1«'88  than  this,  ami  the  greater 
pari  are  so  small  that  tticv  can- 
not l>e  accurately  mea.siire<l. 
(Fig.  11.)  Fortlie  same  rea.sun 
they  do  not  present  the  hril- 
linnt  centre  and  rlark  bonier  of 
the  larger  oil-globules  ;  but  ap- 
pear by  trausinittetl  lijjlit  only 
as  inJuute  dark  granules.  Tlie 
white  color  and  opacity  of  the 
ehyle,  as  of  all  other  fatty  emul- 
sions, depend  upon  this  mole- 
cular condition  of  the  tiiiy  in- 
gredienta.  The  ailbumen  and 
salts,   which   are    in    intimate 

union  with  each  other,  and  dissolved  in  the  water,  would  alone  make  a 
cohjrlefts  and  transparent  fluid;  but  tlic  oily  matters,  suspended  in 
distinct  partic'les,  with  a  dillerent  refractive  j>ower  from  that  of  the 
u>rou8  fluid,  interfere  with  it>i  transparency,  and  give  to  tlie  mixture 
the  white  color  and  opa(pio  np|K'arance  which  arc  characteristic  of  emul- 
sions.     The  oleaginous   nature 

of    these    particles    Ik    readily  Fip.  12. 

abown    by  their    solubility    in 
ether. 

In  the  milk,  the  oily  matter 
occurs  in  larger  masses  than  in 
the  chyle.  In  cow's  milk  {Fig. 
li),  the  oil-drops,  or  ''milk- 
globules,"  are  not  quite  fluid, 
but  have  a  pasty  consisteney, 
owing  to  the  large  quantity  of 
palmitine  which  they  contain,  in 
proportion  to  tlie  oleine.  When 
forcibly  amalgara.ited  with  each 
other  and  collected  into  a  ma.s.s 
hy  prolonged  l)eating  or  churn- 
ing, they  constitute  butter.  In 
cow's   milk,  the   gJobulen  vary 

somewhat  in  size,  fiut  their  nverage  <liameter  is  6  mmm.  Thev  are 
au!i|r>ended  in  the  serous  fluid  of  the  niilik,  and  by  heating  may  be  more 
j)crfectly  liquefied,  and  made  to  assume  a  circular  form. 

Jn  the  cells  of  the  larj'ngeal,  tracheal,  and  costal  cartilages  (Fig.  13) 
there  is  always  more  or  less  fat  dejjosited  in  the  form  of  roumled  glo- 
bules, somewhat  similar  to  those  of  the  milk. 
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OLOBUI.B6  or  Cow*a  Milk. 


74       HYDROCARBONACEOUS    PROXIMATE    PRINCIPLES. 


ObI.1,8  of    OoBTAL  OARTILAOK8,eODtl«iDing 

oll-globulea.    Hunmn. 
Pig.  14. 


In  the  glandular  cells  of  the  liver,  oil  occurs  constantly,  in  a  state  of 
health.    It  is  here  deposited  in  the  substance  of  the  cell  (Fig.  14), 

generally  in   smaller  globules 
*^'K*  ^^'  than  the  preceding.    In  some 

cases  of  disease,  it  acciunulates 
in  excessive  quantity,  and  pro- 
duces the  state  known  as  fatty 
degeneration  of  the  liver.  This 
is  consequently  only  an  exag- 
gerated condition  of  that  which 
normally  exists  in  health. 

In  the  carnivorous  animals 
oil  exists  in  considerable  quan- 
tity in  the  convoluted  portion 
of  the  uriniferous  tubules.  (Fig. 
15.)  It  is  here  in  the  form  of 
granules  and  rounded  drops, 
which  sometimes  appear  to  fill 
nearly  the  whole  calibre  of  the 
tubules. 

It  is  found  also  in  the  secret- 
ing  cells  of  the  sebaceous  and 
other  glandules,  deposited  in 
the  same  manner  as  in  those  of 
the  liver,  but  in  smaller  quan- 
tity. It  exists,  beside,  in  large 
proportion,  in  a  granular  form, 
in  the  secretion  of  the  seba- 
ceous glandules. 

It  occurs  abundantly  in  the 
marrow  of  the  bones,  both  un- 
der the  fonn  of  free  oil-globnles 
and  inclosed  in  the  vesicles  of 
adipose  tissue,  and  is  found  in 
considerable  quantity  in  the 
substance  of  the  yellow  wall  of 
the  corpus  luteum. 

It  occurs  also  in  the  form  of 
granules  and  oil-drops  in  the  muscular  fibres  of  the  uterus  (Fig.  16), 
in  which  it  begins  to  be  deposited  soon  after  delivery,  and  where  it 
continues  to  be  present  during  the  whole  period  of  the  resorption  or 
involution  of  this  organ. 

In  all  these  instances,  the  oleaginous  matters  remain  distinct  in  form 
and  situation  from  the  other  ingredients  of  the  tissues,  and  are  only 
mechanically  entangled  among  the  fibres  and  cells,  or  imbedded  in  their 
interior. 


Hepatic  Cells.    Humfin. 
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UsiHiFKBorB  Trnt'LES  of  Doo,  from  cor- 
tical portion  of  kldaey. 

Fig.  16. 


u^^^^irt  of  the  f:it  which  is  fonnd  in  the  nnimal  l»r«ly  mny  be 
junted  for  by  th:it  which  ia  taken  in  with  the  food,  siuce  uily  matter 
tnicurs  iu  both  aniniJil  aii<1  vege- 
^^able  substances.    Fat  is,  how-  ^'6-  ^■ 

^HTer,  forraed  in  the  body  from 
^Hither  organic  sulistancos,  inde- 
P^lendetitly  of  what  is  iiitro- 
I  duued  with  the  food.  This 
iniportaiit  fact  has  been  dofl- 
I  nitely  ascertaineil  by  the  cx- 
^HBerimi.Mit^«  of  MM.  DiimaH  and 
^HlilnoEdwards  on  bees,'  M. 
^H^ersoz  on  geese,*  and  finally 
^try  those  of  M.  Bouasingaiilt 
^wn  geese,  duck^,  and  pigH."*  The 
^Bbservei's  firsf  ascevtnined  tiie 
^^tJantity  of  fat  existing;  in  the 
whole  body  at  tlie  coninu'nce- 
ment  of  the  experiment.  The 
^^miinals  were  then  subjected  to 
^^P  definite  nutritious  regimen, 
^ui  which  the  quantity  of  fiitty 
matter  w.<»s  dnly  ascertniiied  by 
annlysis.  The  experiments 
led  for  a  period  varying,  in 
ITerent  instances,  from  thirty- 
e  days  to  eight  months; 
er  which  the  auim.ils  were 
killed  and  all  their  tissues  ex- 
ined.  The  result  of  these 
vestigations  showed  that  eon- 
dei'ably  more  fat  had  Iwen 
umalated  by  the  animal 
during  the  course  of  the  expe- 
ent  than  couM  be  accounted 
r  by  that  which  exiHted  in 
le  fcKyi ;  and  placed  it  Ijeyond 
doubt  that  oleaginous  sul> 
lices  m.ny  Vk?,  anrl  actually 
are.  farmed  in  the  interior  of  tin-  animjil  body  bj*  the  decomposition  or 
tnetamori>hosi8  of  otlier  proximiite  priiieiples. 
There  is  reason  to  lielieve  that  fat  is  produced  in  this  way,  under  the 
fluence  of  the  vital  process,  from  the  transformation  of  starchy  and 
ccharine  substances,     in  the  first  place,  ns  we  have  already  seen,  there 


m 
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three  w««ki  kftrr  imrturitlon. 


'  Annates  de  Chim.  et  do  Phys..  M  serie^i,  vol.  xiv.  p.  400.  *  Ibiil..  p.  408 

•  Chinjie  Agricole.     Paris,  1854. 
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is  no  donbt  that  fat  is  produced  from  starch  and  glucose  in  T^etables 
during  a  certain  period  of  their  growth.  The  oily  seeds  of  certain 
plants  while  still  immature  contain  starch  ;  but  as  they  ripen,  the  starch 
diminishes  or  disappears  and  oil  takes  its  place.^ 

It  is  also  a  matter  of  common  observation  that  articles  of  food,  con- 
sisting largely  of  starch  or  sugar,  or  of  both,  are  especially  apt  to  be 
fattening,  both  for  man  and  animals  and  in  sugar  growing  countries, 
during  the  short  season  occupied  in  extracting  and  preparing  the  sugar, 
the  liorses  and  cattle,  as  well  as  the  laborers  employed  on  the  plantation, 
all  of  whom  partake  freely  of  the  saccharine  juices,  grow  remarkably 
fat,  and  again  lose  their  superabundant  flesh  when  the  season  is  past. 
It  is  not  known,  however,  whether  the  saccharine  matters  in  these  in> 
stances  are  directly  converted  into  fat,  or  whether  they  pass  through  a 
series  of  intermediate  changes  which  furnish  the  materials  for  its  formor 
tion.  The  abundant  accumulation  of  fat  in  certain  regions  of  the  body 
and  its  absence  in  others,  and  more  particularly  its  constitnt  occurrence 
in  situations  to  which  it  could  not  have  been  transported  by  the  blood, 
as  tlie  interior  of  the  cells  of  the  costal  cartilages,  make  it  probable  that 
oily  matter  is  often  foimed  from  the  metamorphosis  of  other  proximate 
principles,  upon  the  very  spot  where  it  makes  its  appearance  in  the 
solid  tissues.  Cases  of  hereditary  obesity,  and  of  obesity  occurring 
only  after  a  definite  period  of  life,  indicate  also  that  the  excessive  depo- 
sition of  fat  may  be  due  to  internal  causes  dependent  on  the  special 
condition  of  the  bodily  system. 

In  the  female  during  lactation,  a  large  part  of  the  oily  matter  intro- 
duced with  the  food,  or  formed  in  the  body,  is  discharged  with  the  milk, 
and  goes  to  the  support  of  the  infant.  But  in  the  female  in  the  inter- 
vals of  lactation,  and  in  the  male  at  all  times,  the  oilj'  matters  almost 
entirely  disappear  by  decomposition  in  the  interior  of  the  body ;  since 
the  small  quantity  which  is  discharged  with  the  sebaceous  matter  by 
the  skin  bears  only  an  insignificant  proportion  to  that  which  is  intro- 
duced daily  with  the  food. 

Beside  the  fats  proper  there  is  also  contained  in  the  body  the  fol- 
lowing substance,  which  resembles  fat  in  the  general  features  of  its 
chemical  composition,  and  in  some  of  its  reactions,  but  differs  from 
them  in  three  important  particulars,  namely :  1st,  in  being  volatile  at  a 
high  temperature ;  2d,  in  exerting  a  rotatory  action  on  polarized  light ; 
and  3d,  in  the  fact  that  it  cannot  be  transformed,  by  the  action  of  alka^ 
line  solutions,  into  glycerine  and  a  fatty  acid — that  is,  it  is  not  saponi- 
fiable. 

Cholesterine,  CmH^^O, 

So  called  from  its  being  often  precipitated  as  a  solid  deposit  from  the 
bile,  in  which  form  it  was  first  discovered.  Cholesterine  is  an  ingredient 
in  the  blood-plasma  and  the  blood-globules,  in  the  bile,  in  the  sebaceous 

^  Pro£  S.  W.  Johnson.  How  Crops  Grow.    New  York,  p.  94. 
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matter  of  the  skin,  the  liver,  the  spleen,  the  crystalline  lens,  and  espe- 
cially in  the  nerves,  spinal  cord,  and  bniiu,  in  which  last  it  has  been 
fonud  by  Flint'  in  the  proportion  on  the  average  of  about  one  part  per 
thousand.  Recent  observations  have  shown  that  it  is  also  a  couj^tiUK'nt 
of  various  articles  of  food,  such  as  the  yolk  of  egg,  and  even  of  many 
vegetable  products,  as  peas,  beans,*  olives,  almonils,  and  Indian  corn.' 

Cbolesterine  is  a  erystalliznble  substance,  insoluble  in  water,  freely 
soluble  in  ether,  chloroform,  boiling  alcohol,  and  the  volatile  and  fatty 
oils.     It  is  partially  soluble  in 

watery  solutions  of  the  biliary  ^'5'  ^'^* 

salts  and  of  the  saponified  fats. 
It  is  depositL'd  from  its  nteo- 
holic  or  ethereal  solution  in 
the  form  of  very  thin,  color- 
less, transparent,  rliomboidal 
plates,  portions  of  which  arc 
oden  cut  out  by  lines  of  clcnv- 
age  parallel  to  the  edges  of  the 
crj'stal.  They  frequently  occur 
deposited  in  layers,  in  which 
the  uutlines  of  the  subjacent 
crystals  show  very  distijictly 
through  the  substance  of 
those  placed  above.  It  is 
often  found,  in  a  crystalline 
form,  in  the  fluid  of  hydrocele 
and  other  morbid  exudations,  in  the  contents  of  encystc<l  tumors,  and 
in  bilijr\'  calculi.  Crystallized  cholesturiue  melts  at  145"  (293^  F.), 
and  distils  unehange<l  in  vacuo  at  about  3(i0°  (OHOO  F.).  Its  solutions 
rotate  the  plane  of  polarization  to  the  left  32*^. 

If  cholesterine  be  triturated  with  strong  sulphuric  acid,  and  chloro- 
fonn  add('<l  to  the  mixture,  a  blood-red  coli>r  is  produced,  wiiich  after- 
ward di.sapj)ears  by  exposure  to  the  uir,  passing  gradually  from  red  to 
violet,  blue,  and  green,  the  solution  finally  becoming  coloi'less. 

Our  knowledge  with  regard  to  the  physiological  relations  of  choleste- 
rine is  less  definite  than  as  to  those  of  the  true  fatty  substances.  Its 
abundant  proportion  in  the  bruin  and  nerves,  and  its  association  in  these 
tissues  with  other  important  constitnents,  have  Iwl  to  the  opinion  that 
it  is  an  essential  ingredient  of  the  nerve  substance.  \N'h!itever  may  be 
its  source  in  these  organs,  it  is  no  doubt  absorbtnl  from  the  nervous 
•ystem  b}'  tlie  bloofl,  carried  to  the  livt-r,  and  thence  discharged  with 

'  American  Jonniitl  of  the  Medicul  Seicnees,  October,  1862. 
•  Hoppe-Soylor,   lliuidhuch  dcr    Pliysiologiscb-  unci   PatlioIog-iscb-Chemiscben, 
Anolyse.     Iterlin.  1h70.  p.  I<S. 
'  Hardy,  Priucipes  de  Chimie  Biologiqne.    Paris,  1871,  p.  123. 
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the  bile.  According  to  the  observations  of  Prof.  Flint,  Jr.,  on  the  dog,* 
its  quantity  in  the  blood  increases,  while  passing  through  the  brain, 
from  0.52  to  1.09  parts  per  thousand.  Authorities  differ  as  to  whether 
it  is  discharged  with  the  feces,  or  is  transformed  in  the  interior  of  the 
body. 

The  most  important  characteristic,  in  a  physiological  point  of  view, 
of  all  the  proximate  principles  of  the  second  class,  including  the  amylar 
ceous,  saccharine,  and  oily  substances,  relates  to  their  source  and  their 
final  destination.  Not  only  are  they  of  organic  origin,  making  their 
appearance  first  in  the  interior  of  vegetables ;  but  they  are  all  produced 
also,  to  a  certain  extent,  from  other  organic  materials,  in  the  bodies  of 
animals  ;  continuing  to  be  formed  wlien  no  similar  substances,  or  only 
an  insufficient  quantity  of  them,  have  been  taken  with  the  food.  Fur- 
thermore, when  introduced  with  the  food,  or  formed  in  the  body  and 
deposited  in  the  tissues,  these  substances  are  not  found  in  the  secretions. 
They,  therefore,  for  the  most  part,  disajjpear  by  decomposition  in  the 
interior  of  the  body.  They  pass  through  a  series  of  changes  by  which 
their  essential  characters  are  destroj'ed ;  and  they  are  finally  replaced 
in  the  circulation  by  other  substances,  which  are  discharged  with  the 
excreted  fluids. 

'  Physiology  of  Man,  vol.  iii.    New  York,  1870,  pp.  281,  282 
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Thb  proximnte  princi]jlc3  belonging  to  this  class  are  very  important, 
not  only  fi-om  their  i)eciili:ir  pliysi<»l<igieal  proj)C'rtie8,  but  also  from 
tlieir  comparutively  abuu<laiit  quantity  iu  tlic  auiiuul  body.  (  Tlicy  ure 
derived  both  from  animal  aiirl  vegt'tjible  soiircvs.)  But  iu  plants,  as  a 
general  nilo,  the  fiUmrainoug  matters,  thoii*;!!  constantly  prus*?nt,  and 
essential  to  the  activity  of  vegetative  life,  are  iu_8miiU  quantity  as  com- 
pared with  other  ingredients  of  the  fully  •levelo[)ed  tissues.  In  man  antl 
animals,  on  the  other  haml,  they  constitute  by  far  the  larger  pnrt  of  all 
the  solid  constituents  of  the  bo<ly.  Eveiywiiere  their  chemieul  consti- 
tution, their  physical  characters,  and  tlic  di'^tinctive  pro|^ertie3  vhioh 
belong  to  them,  show  that  they  have  an  intimate  connection  ivith  the 
more  active  phenomena  of  living  beings. 

The  firnt  peculiarity  Ijy  which  they  are  distingiiisln;<l  from  the  proxi- 
mate principles  of  the  preceding  class,  is  that  they  contain  )rHro{jen,  in 
addition  to  the  three  elements  belonging  to  other  organic  bodies,  namely, 
carlton,  hydrogen,  an<l  oxygen.  They  are,  tlierefore,  Hometimes  called 
the  "nitrogenou>>"  proximate  princJiilcs.  But,  as  wo  shall  hereafter 
see,  there  are  various  other  substances,  of  a  crystal liznble  nature,  also 
containing  nitrogen,  whtuh  are  pro<luced  in  the  body,  and  which  are  of  a 
different  character  from  the  albunnnous  matters. 

The  albuminous  matters  are  not  cryHtiiUizuble.  They  always,  when 
pure,  assume  an  amorphous  condition,  iu  which  they  are  aometinies 
solid,  as  in  the  bones-,  sometimes  fluid,  as  in  the  plasma  of  the  blowl ; 
nu<l  sometimes  semi-solid  in  cousisleuey,  or  midway  between  the  solid 
an<l  fluid  condition,  as  in  the  muscles  and  the  Kubstance  of  tlie 
glambdar  organs.  Kven  in  the  fluids,  the  albiuuinnus  luntters,  when 
present  in  considerable  (luautity,  as  in  the  blood-plasma,  the  pancofatic 
Jnioe,  or  the  submaxillary  saliva,  give  to  the  Bolution  a  peculiar 
viscid  or  mucilaginous  consistency.  Tins  e(m8i8tency  is  more  marked^ 
in  pro|>ortion  to  the  abundance  of  the  organic  ingredients.  The 
all>tm)inous  matters,  in  solution,  all  rotate  the  plane  of  polarization 
toward  the  left.  The  precise  eheraieal  constitution  of  these  substances 
has  not  been  in  all  cnses  determined.  The  apparent  variation  in  the 
exact  proporlimi  r»f  their  ultimate  elements  in  iliireretit  instnnees  is 
pn)bal)ly  due  to  the  readiness  with  which  they  become  niiHlitied  in  tlie 
pnicesses  of  nutrition,  many  of  them  passing  into  each  other  under  the 
influence  of  digestion  and  assimilation.  There  are,  no  doubt,  a  great 
variety  of  these  matters  existing  in  the  body,  only  a  certain  niunl>er  of 
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which  have  as  yet  been  so  distinctly  recognized .  as  to  receive  specific 
names.  Many  of  them,  perhaps  all,  contain  a  small  amount  of  sulphur 
in  addition  to  their  carbon,  hydrogen,  oxygen,  and  nitrogen.  Their 
chemical  relation  to  other  substances  has  not  been  found  snflSciently 
definite,  in  any  case,  to  establish  the  formula  for  their  atomic  constitu- 
tion. The  average  proportion,  however,  by  weight,  of  their  constituent 
elements,  according  to  the  tables  of  Hoppe-Seyler'  and  Frdmy,  is  as 
follows : — 

Ateraqk  CoifPOBiTioN  OF  Albcminous  Matters. 

Carbon 52.0 

Hydrogen 6.9 

Nitrogen 15.6 

Oxygen 24.0 

Sulphur 1.5 

100.0 

One  of  the  simpler  physical  characters  of  the  albuminous  substances 
is  that  they  are  hygroscopic.  As  met  with  in  different  parts  of  the  body, 
they  present  different  degrees  of  consistency ;  some  being  nearly  solid, 
others  more  or  less  fluid.  But  on  being  subjected  to  evaporation  they 
all  lose  water,  and  may  finally  be  reduced  to  the  perfectly  solid  form. 
If  after  this  desiccation  they  be  exposed  to  the  contact  of  moisture, 
they  again  absorb  water,  swell,  and  regain  their  original  mass  and  con- 
sistency. This  phenomenon  is  different  from  that  of  capillary  attrac- 
tion, by  which  some  inorganic  substances  or  tissues  become  moistened 
when  exposed  to  the  contact  of  water ;  for  in  the  latter  case  the  water 
is  simply  entangled  meclianically  in  the  meshes  and  pores  of  the  inorganic 
body,  while  that  which  is  absorbed  bj'the  flUmrainous  matter  is  actnally 
united  with  its  substance,  and  diffused  equally  throughout  its  entire 
mass.  rEvery  albuminous  matter  is  naturally  united  in  this  way  with  a 
certain  quantity  of  water,  some  with  more,  some  with  less.  Thus  the 
albumen  of  the  blood  is  in  union  with  so  much  water  that  it  has  the 
fluid  form,  while  the  corresi)onding  substance  of  cartilage  contains  less 
and  is  of  a  firmer  consistency.  The  quantity  of  water  contained  in  each 
albuminous  substance  may  be  diminislied  by  artificial  desiccation,  or  by^ 
a  deficient  supply ;  but  it  cannot  be  increased  be^yond  a  certain  amount*! 
Thus,  if  the  albumen  of  the  blood  and  the  albuminous  matter  of  cartT^ 
lage  be  both  reduced  by  evaporation  to  a  similar  degree  of  dryness,  and 
then  placed  in  water,  tlie  albumen  will  absorb  so  much  as  again  to  be- 
come fluid,  but  the  cartilaginous  substance  only  so  much  as  to  regain 
its  usual  nearly  solid  consistency.  Even  where  the  organic  substance, 
therefore,  as  in  the  case  of  albumen,  becomes  fluid  under  these  cir- 
cumstances, it  is  not  precisely  by  its  solution  in  water,  but  only  by  its 
reabsorption  of  that  quantity  of  fluid  with  which  it  was  naturally 
associated. 

'  Handbuch  dcr  Physiologisch-  und  Pathologisch-Chemischcn  Analyse.    Berlin, 
1870. 
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Another  characteristic  feature  of  the  proximate  principles  of  tliis 
group  is  their  proi>erty  of  coagulation.  Thoae  which  are  naturally  fluid 
suddenly  nHstimc,  untlor  certain  conditions,  a  solid  or  et.>mi-solid  coiij^jst- 
ency.  They  are  tlu-n  Baid  to  be  coagulated  ;  and,  wWn  once  coagulated, 
they  cannot  usually  be  made  to  resume  their  ori<,nnal  cauditiou.  Tliia 
property  «jf  coagulability  is  not  only  a  marked  quality  of  the  albu- 
minous matters  as  a  class,  but  it.  often  serves  to  distinguish  them 
from  each  other  by  the  di^rrnt  special  conditions  under  which  it  is 
manifested  by  each  one.  Thus  the  substance  produiiug  fibrine  coagulates 
spontaneously  on  iK'ing  withdrawn  from  tlie  blootlvessels ;  albumen,  on 
being  subjected  to  the  temperature;  of  boiling  water;  caseine,  on  buing 
placed  in  contact  with  an  acid.  When  an  jdbumiuous  substance  thus 
oo.igulates,  the  change  which  takes  place  is  a  peculiar  one,  and  dilfers 
from  that  b}'  wliich  a  minertd  salt  is  pri-cipitated  from  its  watery  solu- 
tion. The  albuminous  matter,  in  coagulating,  appears  to  assume  a 
B[«>cia.l  conditiou,  and  to  j^cmmnL-ntly  change  its  pro|>ertics ;  but,  in 
passing  into  the  solid  form,  it.  still  retains  all  the  water  with  whiejj  it 
w.os  previously  united.  Allnimen,  when  coagulated,  retains  the  same 
quantity  of  water  in  union  with  it  which  it  held  before.  After  coagu* 
lation,  this  water  may  bo  driven  off  by  evaijoratiou,  in  the  same  manner 
as  previously  ;  and  on  being  once  more  exposed  tu  moisture,  the  organic 
matter  will  again  absorb  the  same  quantity,  though  it  will  not  assume 
the  liquid  form.  The  congnlated  substance  may  sometimes  be  dissolved 
by  certain  chemical  agents,  as  the  caustic  alkalies;  but  it  is  not  b3' 
this  means  restored  to  its  original  condition.  It  rather  suffers  a  still 
further  alteration. 

In  many  instances  we  are  obliged  to  resort  to  coagulation  in  order 
to  separate  an  albuminous  substance  from  the  other  proximate  princi- 
ples with  which  it  is  associated.  This  is  the  case,  for  example,  with 
the  fibrine  of  the  blond,  which  is  obtnined  in  the  form  of  llocculi,  by 
beating  freshly-drawn  blood  with  a  bundle  of  ro<ls.  But  when  separated 
in  this  way,  it  is  already  in  nn  unontui'al  condition,  and  no  longer 
represents  exactly  the  original  fluid  librine  as  it  existed  in  the  circulating 
blooil.  Nevertheless,  this  is  the  only  uioile  in  which  it  can  be  examined, 
ae  there  are  no  means  of  bringing  it  back  to  its  previous  condition. 

Another  important  property  of  the  albuminous  matters  is  that  they 
ex«'ite,  in  other  proximate  [irinciples  and  in  each  other,  those  peculiru: 
indirect  chemical  changes  which  have  been  termed  cnfahjHe»  or  rafalytic 
trannfurmalionit.  That  is  to  say,  they  })ro(luce  the  chans<'S  referre<|  to, 
not  directly,  by  etmibining  with  the  substance  which  suffers  alteration, 
or  with  any  of  its  ingredients ;  but  simply  hy  their  presence,  which 
indui-es  the  chemical  change  in  an  indirect  manner.  We  do  not  under- 
stand the  maimer  in  which  these  changes  are  accomjilished,  but  the 
influence  thus  exerted  by  the  albuminous  matters  is  a  very  mnrked  one, 
and  is  of  great  importance  in  many  of  the  acts  of  animal  and  vegetiible 
nutrition.  A  com[)arativel.v  small  (piantity  of  the  catal^-tic  bo^ly  is 
often  capable  of  inducing  a  palpable  change  in  a  large  quantity  of 
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another  BubBtanrc.  The  aetion  of  vegetable  tliastase  in  converting 
Btaroh  into  ck-xtrine  niul  ghicostj  is  a  process  of  tliis  nature;  and  it  is 
found  that  one  ])art  of  diastase  is  capable  of  effecting  the  transformation 
of  2000  parts  of  Bt»rcli.  The  iUbiiuiitioiis  ingredients  of  the  saliva,  of 
the  pancreatic  and  intestinal  juicfs,  exert  a  siiuUar  action  on  hydratol 
starch.  The  whole  process  of  digestion  antl  assimilation  is  in  great 
part  made  up  of  a  series  of  such  catalytic  changes,  in  which  the 
luitritions  matters  undergo  their  r«Mjnisite  transformations,  by  contact 
with  sixx-ial  albuminous  ingredients  of  the  blood,  the  tissues,  or  the 
secretions. 

At  a  temperature  of  SOO'*  (570OF.)  or  over,  the  nJbuminous  matters, 
like  other  organic  substances,  are  dentroyod  antl  decomposed  into 
gaseous  products.  Hut  if  sidijected  for  a  certain  time  to  a  temperature 
of  about  125*  (257 'J  F.),  tboy  undergo  a  change  in  addition  to  their 
coagidation,  by  which  a  fli.stiiict  and  agreeable  flavor  is  developed,  and 
by  TvJiich  tlicy  become  RiiiLable  (or  nso  as  human  food.  It  is  this  change 
which  is  pnxluci-d  in  the  profej^s  of  Cind-in(j,  and  the  peculiar  flavor 
which  results  always  depends  upon  the  presence  of  a  certain  quantity 
of  albuminuus  matter  in  the  substance  employed.  If  the  temperature 
at  wliich  the  cooking  process  is  cairied  on  be  too  low,  the  characteristic 
flavors  are  not  devLlopt-d;  if  it  be  too  high,  they  arc  destroyed  and 
replaceil  by  empyreumatic  odors,  from  the  combustion  or  decomposition 
of  the  ingredients  of  the  TkkA. 

Lastly,  the  albuminous  nwtters  are  distinguished  by  the  property  of 
puifffaciion.  This  is  a  process  by  which  dead  animal  substances, 
when  exposed  to  the  atmosphere  at  a  modorately  warm  temperature, 
graduall}-  soften  ami  li<iuefy  and  are  finally  decomposed,  with  the  pro- 
ductitm  of  certain  fetid  and  unwholesome  gases,  among  which  arc 
hydrogen  sulpliide  and  corbidc,  usually  with  more  or  less  carbonic  acid, 
nitrogen,  and  ammouiacal  vapors.  The  mixture  of  ihcHc  enianntiona 
causes  nn  odor  which  is  easily  recognized  as  a  "putrefactive  odor;" 
and  wheixyver  Buch  emanations  are  perceived,  it  is  an  indication  that 
some  eubstan<'c  containing  albuminous  matters  is  undergoing  detfora- 
position.  As  these  all'timiuous  matters  are  more  abundant  in  the 
tissues  and  fluids  of  animals  than  in  those  of  vegetiioles,  the  phenomena 
of  putrefaction  are  also  most  distinctly  marked  in  the  decay  of  animal 
Bubsttmces.  Hut  tln-y  will  take  place  in  both,  under  the  reipiisite  con- 
ditions. A  snhition  of  nitrogenous  vegetrddc  matters  will  present  all 
the  essential  characters  of  putri-faction,  though  not  devcloi>e<l  with  the 
same  degree  of  intensity  as  in  fluids  of  animal  origin. 

In  order  that  putrefaction  may  take  place  certain  8]iecinl  conditions 
arc  nt«cessarv.  In  the  first  |vla<-e  it  requires  the  access  of  atmospheric 
air,  or  of  some  fluid  containing  oxygon.  If  the  putrescible  substance 
be  lirst  boiled  so  as  to  exfX'l  all  the  free  oxygen  contained  in  its  fluids, 
and  if  then,  while  the  boiling  is  going  on,  it  be  inclosed  in  a  hermetically 
sealed  vessel,  n**  putrefaction  takes  place,  l>ut  the  sub.>!tance  remains 
unaltered  for  an  indefinite  time.     It  is  by  this  means  that  cooked  meats 
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are  preserved  in  sealed  cans,  for  use  upon  long  voyages  or  cxpetlitiona 
Ht  H  distance  frum  the  uuual  base  of  supplios.  So  long  na  the  cans  are 
kept  perfectly  olost^l,  tlicir  contents  remuin  souutl.  After  Ihcy  are 
opeae<l  and  the  air  admittt'd  to  tlifir  inUrior,  tlie  fuo<l  must  be  used  at 
once,  otherwise  it  will  begin  to  putrefy  after  the  usual  interval  of  time. 

Another  esflcntial  condition  for  putrefaetiou  is  the  presence  of 
moisture.  Alljuniinou3  substances  whiuli  are  retluced  to  a  perfertly 
dry  strtte  do  not  undergo  (k-coiujiosition ;  an<l  in  aouie  regions,  where  a 
high  temperature  and  a  dry  atmosphere  favor  the  rapid  desiceatiuu  of 
organic  substances,  this)  fact  ia  also  utilized  for  the  preservation  of 
ments.  Immediately  aftt-r  the  anirard  is  killed,  the  flesh  is  cut  into  thin 
strips  and  hung  u|)  to  dry  in  the  air,  and,  desicei»tiuii  being  completed 
before  putrefaction  lias  commenced,  the  food  thus  prepared  ia  preservetl 
for  an  indefinite  time. 

The  thinl  requisite  for  putrefaction  Is  a  moderately  elevated  tempe- 
rature. It  goes  on  must  ra[)idly  between  25^  and  'Sb°  (77-'  to  1)5-*  F.). 
Below  25'^  it  gradually  diiuiuishes  in  artivity,  and  ceases  altogether 
about  the  freezing  point  i>f  water.  Meats,  therefore,  which  are  kept 
frozen  or  closely  packed  in  ice  do  not  putrefy.  Tlie  process  is  also 
suspendiHl  in  all  alhiimiuuus  matters  exposed  to  winter  weathi-r  at  the 
freezing  point.  The  carcu-ss  of  an  extinct  luannnoth  has  even  In-vn 
found  imbctlded  in  ice  in  Northern  Siberia,  which  was  in  such  a  state 
of  preservation  that  its  flesh  was  used  for  food  by  dogs  and  other 
animals.'  A  temperature  much  alK)A'u  35"  is  also  unfavorable  to  the 
putrefactive  cliaoge,  and  it  ia  completely  arrealed  by  a  heat  approaching 
that  of  boiling  water. 


The  process  of  putrefaction 
is  accomplished  by  the  growth 
and  multiplication  of  a  micro- 
scopic vegetable  organism, 
somewhat  analogous  to  that 
by  which  fermentation  is  ex- 
cited in  saccharine  fluids. 
If  any  clear  solution  con- 
taining animal  or  vegeta- 
ble nlburainoua  matters  be 
exposed  to  the  air  at  a 
moderate  tem|H^rature,  after 
a  short  time  it  t>ecorae8  tur- 
bid. This  turbidity  is  <lue  to 
the  development  of  minute 
vegetable  cells,  nf  v^-ry  sim- 
ple organization,  which  mul- 
tiply with  great  rapidity  in 


Fig.  18. 


Cklls  of  BACTKBirM  TicRMo;    frotn  « 
putrefying  lofualoo. 


'  M6moirea  de  TAcad^mie  Imperiale  des  Scicaces  de  St.  Petersboarg,  tome  5, 
p.  440. 
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the  decomposing  liquid,  and  produce  in  it,  by  their  vegetative  activity, 
the  changes  of  putrefaction.  These  cells  belong  to  the  genus  '*  Bacteri- 
um," so  called  from  their  simple  rod-like  form ;  and  the  species  which 
is  invariably  to  be  found  in  putrefying  infusions  is  known  by  the 
name  of  Bacterium  termo.  The  cells  are  of  an  oblong  form,  and 
average  3  ramm.  in  length  by  0.6  mmm.  in  thickness.  They  are  usually 
double,  consisting  of  two  single  cells  placed  end  to  end.  While  actively 
growing  in  a  putrefying  infusion,  they  are  in  constant  process  of  mul- 
tiplication, by  which  their  numbers  are  rapidly  increased.  The  multi- 
plication takes  place  by  spontaneous  division  of  the  cell,  by  a  trans- 
verse partition  which  grows  across  its  middle.  After  a  time  the  two 
cells,  thus  formed  out  of  a  single  one,  separate  from  each  other,  and 
each  repeats  the  process  for  itself. 

One  of  the  most  remarkable  characters  of  the  bacterium  cells  is 
their  active  spontaneous  movement.  During  a  certain  period  of  their 
development  they  are  in  incessant  and  rapid  motion  by  means  of  a 
conical  rotation  about  their  longitudinal  axis,  by  which  they  are  tran»- 
poi*ted  in  various  directions  through  the  fluid  in  which  they  are  contained. 
This  motion  is  often  so  rapid  that  it  can  hardly  be  followed  by  the  eye; 
in  other  instances  it  is  so  slow  that  its  mechanism  may  be  distinguished 
by  careful  examination.  The  movement  and  mutiplication  of  the  bac- 
terium cells  go  on  while  putrefaction  continues.  After  all  the  albumin- 
ous ingredients  of  the  infusion  have  been  decomposed,  the  liquid  again 
becomes  clear,  and  the  bacterium  cells  subside  to  the  bpttom  in  a  quies- 
cent whitish  layer.  A  small  portion  of  tliis  layer  will  readily  excite 
putrefaction,  if  added  to  another  albuminous  liquid. 

As  the  bacterium  cells  effect  the  decomposition  of  albuminous  matters 
by  their  own  vegetative  activity,  it  is  for  this  reason  that  putrefaction 
is  limited  by  certain  special  conditions,  already  mentioned.  Bacteria 
belong  to  the  group  of  colorless  cryptogamic  vegetables.  Like  other 
plants  of  this  kind,  they  assimilate  directly  organic  substances  ready 
formed,  and  at  the  same  time  absorb  oxygen  and  exhale  carbonic 
acid,  after  the  manner  of  animals.  Consequently  oxygen  is  one  of  the 
substimces  essential  to  their  growth ;  and,  as  putrefaction  takes  place 
only  by  means  of  their  vital  activitj',  oxj'gen  or  atmospheric  air  must 
be  present  in  order  to  allow  putrefaction  to  go  on.  Furthermore  the 
presence  of  moisture  is  necessary  to  tlieir  growth,  as  it  is  to  that  of  all 
otlier  plants  ;  and  a  substance  thoroughly  dried  cannot  putrefy,  since  no 
vegetative  development  is  possible  in  the  total  al)sence  of  moisture.  A 
certain  degree  of  warmth  is  also  essential  to  the  continued  growth  of 
these  bodies.  Their  development  is  suspended  by  a  freezing  tempera- 
ture, and  their  vitality  is  destroyed  by  prolonged  contact  with  boiling 
water. 

Lastly,  a  certain  amount  of  albuminous  matter  is  necessary  for  the 
nutrition  of  bacteria.  Their  cells  may  remain  indefinitely,  in  a  quies- 
cent condition,  suspended  in  otlier  fluids  or  even  in  pure  water;  but 
for  their  active  development  and  multiplication  they  require  the  pre- 
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^IfUicc  of  albuminous  matters,  \vincli  ap|)car  to  supply  the  necessary 
material  for  their  growtli.  They  tkcoinpose  these  sultstatiees  therefore 
by  fissimihiting  their  ingredients  in  tlie  prucess  of  vegetable  mitritiou, 
ami  the  putrefactive  gases  arc  the  final  ii'stilt  of  tlie  cliaugfs  thus  taliing 
place,  ju8t  as  alcohol  and  carbonic  acid  are  procluced  iu  the  feruieDta- 
tion  of  saccharine  liquids. 

Fermentation  ami  putrefaction,  accordingly,  are  analogous  processes, 
in  which  certain  muterials  are  decomposed  under  the  intUifnco  of  micro- 
scopic vegetation.  The  former  take8  place  iu  saccjiantjie  fluids,  the 
latter  in  those  containing  albinninous  matter;  since  the  yea8t-j)lant 
requires  for  its  growth  a  preponderance  of  iiuii-nitrogcnized  hyilrocar- 
bonaceous  matter,  while  bactt'iium  lx-IIs  are  nourished  mainly  by  the 
absorption  of  nitrogenous  ^ubHtances. 

The  following  table  shows  tbe  proportion  of  albuminous  matter, 
according  to  Payen,  in  diU'ereut  substances  used  as  food: — 

QCANTTTT  OF  AlBDMINOITS  MaTTRK  IN  100  PARTS  IK 

Wheat  ^uiii8     .        .  18.03 

Rye   ....  12..'>0 

Oats  ....  14.39 

Indian  corti         .        .  12,50 

Kice  ....  7.55 

Potatoes    .        .        .  2..50 

Sweet  potatoes  .         .  1.50 

The  first  formation  of  albuminous  matter  takes  place  in  vegetables, 
Bubsetiuent  to  the  production  of  the  non-nilrogenoua  organic  substancea, 
td.nrch  and  glucose,  by  the  union  of  these  last  with  nitrogen  derived 
from  the  inorganic  salts.  Green  plants,  which  have  tlic  power  of  gt-ne- 
rating  the  carbohydrates  from  carbonic  acid  and  water,  if  supplied  with 
moisture  containing  nitrates  or  ammonium  salts  in  solution,  are  known 
to  grow  vigoroujily  and  increase  many  fold  their  contents  of  albuminous 
matter.'  These  salts  must  therefore  have  sup|tlicd  tbe  nitrogen  requisite 
for  the  formation  of  the  nitrogenous  substances.  Tlic  Bul|>liur,  vvliifh 
also  enters  into  the  composition  of  these  substances,  is  derived  by  the 
)>liutts  from  a  reduction  of  tbe  soluble  sulphates  contained  in  the  soil. 

Notwithstanding  the  very  markt-d  and  important  poculi.'irities  wliich 
distingnisli  the  albuminous  matters  as  a  gruuji,  there  are  many  of  these 
substances  which  dllfer  from  each  other  by  a  variety  of  secondary  cliar- 
acters.  It  is  possible  tluit  some  of  those  now  designated  by  specific 
names  may  really  be  mixtures  of  two  or  more  distinct  substajices;  but 
the  classification  nt  present  iu  uso  expresses  the  distinguishing  marks 
of  the  more  important  varieties,  so  far  as  they  are  yet  known. 

Fibrine. 
Fibrine  is  fovmd  in  the  plasma  of  the  blood,  where  it  exists  in  the 
proportion,  on  tbe  average,  of  three  parts  per  thousmid.     It  is  also 


Beef  flesh  . 

19.50 

Fowl's  eggs 

12.35 

Mackerel    . 

24.31 

SalinoD 

13..-)8 

Optcra 

14.01 

Beans  (dry) 

24.40 

Pcaa      "  . 

23.80 

I 


'  Mayer,  Lchrbucb  dcr  Agrikaltnr-Chetnie,  Band  i.  pp.  145,  150. 
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present  in  sniiill  qiiantity  in  tlie  lynipU  and  in  Iht-  chyfe.  It  is  this  sub- 
stance  wUioh  is  distiuguislieJ  by  its  pro])erty  of  "  spontaneous  congula- 
tion ;"  that  is,  it  coagulates  on  Ix-ing  witLtJrawn  from  the  vuseular 
system,  without  the  addititin  of  any  physical  or  ehemieal  reagent.  It 
is  the  coagiihiting  element  ol"  tliu  blood  ;  and  the  power  of  Treshly  drawn 
blood  to  form  a  clot  depends  upon  its  presence  as  an  ingredient  of  the 
circulating  lluid.  The  term  fibriue  properly  repreaents,  not  the  solid"^ 
clot  ohtaiiied  hy  coagulation,  but  the  fluid  s«h>*tauce  existing  before-i 
hand  in  the  blood,  and  whii;h  beeomes  solidified  after  its  withdrawaLJ 
It  is  regarded  by  some  as  generatetl  hy  the  union  of  two  pre-existing 
substances  ;  by  others,  as  pro<lue«l  from  the  decomposition  of  one.  As 
we  have,  however,  but  little  opportunity  o*' studying  it  while  still  forming 
a  part  of  the  Jiuid  ]>luHmii,  our  knowledge  is  mainly  conliued  t«.)  its  pro- 
perties in  the  solid ifled  lorm.  It  is  obtained  by  stirring  the  freshly 
drawn  blood  with  glass  rods  or  a  bundle  of  twigs,  and  afterward  washing 
the  deposited  clots  with  distilled  water  untit  tbe  adherent  coloring 
mutter  is  removed. 

Coagulated  fl brine  is  a  colorless,  tolerably  firm,  extensible,  and 
elastic  subatance,  which  has,  under  the  microscope,  a  fluelj'  flbrillatti<l 
texture.  It  is  insoluble  in  water,  but  in  solutions  of  the  caustic  alkalies 
or  the  alkaline  carb(Mi;iti"S  it  Itecomes  gelatinous,  and  is  after  a  time,  by 
the  aid  of  warmth,  partially  dissolveri.  Some  of  the  free  acids,  as  hydro- 
chloric, acetic,  lactic,  or  phosphoric  acid,  have  a  similar  eirecl.  If  it  be 
heated  in  water  or  in  a  neutral  liijuid  to  72°  (lyi-*  F.),  it  becomes  con- 
tracted, white,  and  o|}a([Uf,  an* I  less  extensible  than  before. 

An  albuminous  matter  very  similar  in  its  phy.sical  properties  to  animal 
flbrine,  exists  in  certain  vegetable  substances,  especially  in  wheat  flour, 
where  it  is  known  as  (/hi/en.  When  <reed  from  the  a<lmixture  of  other 
ingredients,  it  is  tenacious,  extensible,  elastie,  insoluble  in  water,  and 
slowly  soluble  iu  dilute  alkalies.  Its  property  of  tenacity  and  its 
nitrogeuous  character  make  it  an  importiuit  constituent  of  wheat  flour 
in  the  manufacture  of  bread- 
Albumen. 

Albumen  is  found  abundantly  in  the  plasma  of  the  blofld,  also  in  the 
lyrai>h,  the  pericardial  and  cephalo-rachidian  flniils,  and  in  very  small 
quantity  in  the  saliva  and  in  the  milk.  It  is  not  spontaneously  congu- 
lablu,  but  coagulates  promptly  when  lieatcd  in  its  liquul  form  to  a 
tem|>crature  of  72°  (lfl'3'^  F-),  and  its  coagulum  is  again  soluble  in  the 
caustio  alkalies.  It  is  also  coagulated  by  contact  with  nitric  or  sol- 
phuric  acid,  alcohol,  or  the  metallic  salts.  The  organic  acids,  as  acetic, 
lactic,  or  tartaric  Acid,  do  not  affect  it ;  but  if  it  l»e  first  slightly  acidu- 
lated by  dilnle  acetic  acid,  it  may  be  precipitated  by  a  solution  of 
potassium  feiToeyanide.  This  is  one  of  the  most  delicate  tests  for  the 
presence  of  albumen,  but  it  is  usually  recognize*)  from  its  coagulability 
by  heat  and  nitric  acid.  Whm  dissolved  in  a  fluid  of  neutrid  reaction, 
it  rotates  the  plane  of  polarization  to  the  left,  56°. 
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Tbe  wliite  of  the  fowl's  egg  is  mainly  composed  of  a  substance  also 
called  albumen,  and  which  corresponds  with  the  albumen  of  blood 
in  its  coagulability  by  heat,  nitric  acid,  alcohul,  and  the  ujutjUlic  salts. 
It  is  distingtiishe<i  Iroin  the  preceding  mainly  by  its  coagulability  by 
ether,  which  has  no  efl't-ct  on  the  albumen  of  bloo<l.  It  rotates  the 
plane  of  polarization  to  the  lell  Sb'^.b. 

The  fresh  juices  of  nearly  all  vegetables,  and  esj>ecially  the  succulent 
plants,  contain  a  substance  coaguhiblo  by  heat,  wliich  has  been  cidk-d 
vetjf table  albumen.  It  may  also  be  obtained  from  the  cereal  graiiiH  by 
extraction  with  water,  and  resembles  in  its  principal  chemical  reactions 
the  albumen  derived  from  animal  sources. 

Albuminose. 

This  substance  is  closely  related  to  albumen  by  its  chemicid  composi- 
tion and  its  general  characters.  It  is  nut  eougulalcil,  however,  by  either 
heat,  nitpc  acid,  or  acidulated  potassium  foiTocyanide,  but  only  by  the 
metallic  salts  and  alcohol  in  excess.  It  is  also  distinguished  by  its 
ready  dirttasibility  through  animal  membranes  or  parchment  paper  ;  while 
albumen,  and  all  other  liquid  atbumiuous  matters,  pass  through  these 
niembrnnvs  either  not  at  all  or  only  with  great  dilliculty.  jjCoagulated 
albumen  and  nil  other  digcstibli?  rtlbumiiiouM  matters  are  convei-ted 
into  albumiuose  by  the  action  of  gastric  juicej  j  They  thus  become 
liquefieil  and  incapalde  of  congulation  by  heatTl  Owing  to  the  origin  uf 
these  i»roflucl8  fn^in  the  digestive  act  they  are  denigimU-'d  by  si'voral 
writers  under  the  nurae  of  jyefytnnes;  ami  a  variety  of  tlietn  are  euume- 
rateii,  but  their  distinctive  characters  are  not  very  sharply  defined. 
Albuminuse  is  found  in  the  fluids  of  the  storaach  and  snirill  intj-ajine 
during  'ligestion,  :iu<l  exists  also  in  the  Wood  in  the  proportion  of  two 
to  three  parts  per  thousand. 

Albuminose  in  solution  has  the  pro[>erty  of  mf)difying  certain  well- 
known  chemical  reactions.  It  interferes  esptfcially  with  the  reduction 
of  the  copper  oxide  in  Tronimer's  test.  If  u  small  quantity  of  glucose 
be  dissolved  in  gastric  juice  containing  albuminose,  and  Trommer's  test 
applied,  no  poculiarity  is  observed  on  first  dropping  in  the  copper 
sulphate;  but  on  the  addition  of  potassium  hyrlrnte,  the  mixture  takes 
k  rich  jjurple  hue,  instead  of  the  clear  blue  tinge  which  is  presented 
under  ordinary  circiinistances.  On  boiling,  the  color  changes  to  claret, 
cherrj'  red,  and  finally  to  a  light  yellow ;  but  no  copper  oxide  is 
deposited,  and  the  fluid  remains  clear.  If  albuminose  be  present  only 
in  small  quantity,  an  incomplete  reduction  of  the  copper  takes  place, 
BO  that  tbe  mixture  becomes  ojndine  fliid  cloudy,  but  still  without  any 
Well  marked  deposit.  This  interference  will  take  place  when  sugar  is 
present  in  very  large  proportion.  We  have  found  that  gastric  juice, 
drawn  from  the  dog's  storaach  during  digestirm,  may  sometimes  l»e 
mixed  with  an  equal  volume  of  honey  without  giving  any  deposit  of 
copj)er  on  the  application  of  Trommer's  test.  If  such  a  mixture,  how- 
ever, be  previously  diluted  with  water,  it  will  often  fail  to  prevent  the 
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reduction  and  deposit  of  the  copper  oxide.  The  peculiar  action  alxive 
described  depends  ti|)oo  the  jiresence  of  nlliumiiiose,  aud  not  upon  that 
of  any  original  iiigreilivnt  of  Uic  gastric;  juice ;  since  it  is  not  exhibileil 
liy  the  |)erfectl3'  flwir  aud  culutiess  juice,  obtaiiietl  from  the  empty 
stomach  of  tlie  fasting  animal  by  irritation  of  the  raiitous  tnembrnnc 
with  a  glass  rod  or  nK'tallic  catheter;  while  the  same  fluid,  if  maeerateil 
for  a  time  with  finely  thojjjied  meat  at  a  temperature  of  3S^  (100'^' F.), 
will  be  ibund  to  luive  acquired  the  iir<j])ert3'  in  a  marked  degree.  Gas- 
tric juice,  furthermore,  lirawn  from  tlie  stomach  after  digestion  has 
been  going  on  for  half  an  hour  or  more,  always  cimtnins  a  certain 
quantity  of  jdbninitiose,  aud  cuuaequently  interferes,  as  aliovc  descrilied, 
with  I'rommer's  test. 

Albuminose,  if  present  in  notable  quantity,  will  also  interfere  with  the 
mutual  rcnetion  of  starch  and  iodine.  If  gastric  juice,  containing  albu- 
miiiose,  Im;  mingted  with  an  e(j[ual  volume  of  iodine  water,  and  n  solution 
of  starch  be  suiisequently  added,  no  blue  color  is  prcHiuced  ;  though  if 
the  iodine  water  be  added  in  excess,  or  if  the  tincture  of  iodine  Ix;  usetl 
instead  of  its  aqueous  solution,  the  8ui>endiundant  iodine  then  com- 
btries  with  the  starch,  unt\  produces  the  ordinary  blue  color.  This 
property,  like  that  describetl  above,  is  not  posn^essed  by  pure,  colorless 
ga-strio  juice,  taken  from  the  empty  stomach,  but  is  acquired  by  it  on 
being  digested  with  albuminoid  substances. 

Accordingly,  iu  testing  for  the  presence  of  glucose  in  fluids  which  are 
liable  to  contain  alUuniiiiosc  or  other  organic  substances  of  similar 
character,  the  j>recautiou  must  always  be  adopted  of  first  eliminating 
the  albuminous  matters  which  might  interfere  with  the  test.  This  may 
be  done  in  either  of  two  ways:  Brst,  by  evaporating  the  fluid  to  dryness 
over  the  water  bath,  and  extracting  the  dr^-  residue  with  a!c-ohol,  which 
takes  up  the  sugar,  but  leaves  behind  the  albuuduous  matters.  The 
alcoholic  solution  may  then  be  filtered  and  evaporated,  and  tlio  evai>o- 
rated  residue  dissolved  in  water,  when  it  will  respond  to  Troramer's  test 
if  glucose  be  present.  Or,  secondly,  the  fluid  may  bo  treated  with  ani- 
mal charcoal,  which  retains  the  albumiuous  matters,  and  allows  the 
glucose  to  pass  through  iu  watery  solution, 

CaMine. 

.  This  is  the  principal  albuminous  ingredient  of  milk,  the  only  animal 
fluid  in  which  it  is  certainly  known  to  exist.  It  is  called  coseine,  be- 
cause, when  solidified,  it  forms  the  substance  of  djeese.  It  is  not 
atfecled  by  a  liolling  temperature,  but  coagulates  on  the  addition  of  any 
of  the  dilute  acids,  orgj^ijic  as  well  as  mijujcal,  and  of  magnesium  sul- 
phate. These  characters  are  sutlicicnt  to  distinguish  it  from  albumen. 
It  is  also  coagulated  'at  a  temperature  of  .3(i^°(8*[f  F-)t  by  contaet  with 
gastric  juice,  or  an  infusion  of  rennef^  the  mucous  membrane  of  tlie 
fourth  stomach  of  the  calf.  In  solution  in  neutral  fluids  it  rotates  the 
plane  of  polarization  to  the  left  80°.     Caseiue  is  an  important  article 

rations  of  milk. 
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A  nitrogenous  substance,  termed  vegetable  caseine,  exists  abundantly 
in  peas  and  beans,  wliere  it  is  known  as  "legumine."  It  is  found 
also  in  Bmall  quantity  in  oats,  in  the  potato,  and  in  the  juices  of  many 
plants.  It  resembles  tbe  easeine  of  nrilk  in  not  being  allected  by  a 
boiling  temperature,  and  in  its  coagulability  by  the  organic  acids  and 
ntagnesium  sulpliate. 

Ptyaline 
Is  an  ingredient  of  the  Baliva,  to  whieh  it  communicates  the  proijorty 
of  converting  bjjlrated  starcli  into  gUic^se.  From  this  circumstance  it 
has  sometimes  been  calleil  "^animul  diastase."  It  differs  from  albumen 
in  many  of  its  characters,  and  is  thA  coagulated  by  iiit^dc  acid  nor  by 
potassium  fcrrocynnide  in  nn  acitlulated  solution.  On  the  other  hand, 
it  is  precipitated  by  alcohol  in  excess,  and  i>y  a  boiling  temperature; 
hat  while,  after  precipitation  by  alcohol,  it  may  be  redissolveil  in  water 
with  all  its  original  properties,  the  action  of  heat  produces  in  it  a  per- 
manent alteration,  and  saliva  which  has  once  l)een  boik-d  and  alloweil 
to  cool  is  found  to  have  lost  its  power  of  converting  starch.  Ptyaline 
can  also  be  thrown  down  l>y  adding  to  the  saliva  dilute  phosphoric  acid, 
and  alVrward  neutralizing  the  solution  wilb  lime  water.  The  prucipi- 
tate  f»f  lime  plmsphate  thus  prfidiiced  brings  down  "with  it  the  ptyaline, 
which  may  afterward  be  redissolvcd  in  water,  and  again  separately  , 
precipitated  by  alcohol.     Ptyaline  does  not  constitute  the  whole  of  the 

^^Korganic  ingredients  uf  tliu  saliva,  but  is  mingled  in  the  secretiou  with 

^^■othcr  albuminous  substances. 

\" 
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Fepsine 

Is  the  olbnminons  matter  of  the  gastric  juice,  where  it  is  found  in  the  pro- 
portion of  fiftgggj2ajta_per  thousand.  It  is  this  sulwtance  which  effects 
the  conversion  of  nitrogenous  matters  into  all>umiaose  in  the  digestive 
process.  It  requires,  however,  in  oirler  to  exert  this  action,  to  be  dis- 
solved in  an  acidulated  JhjuitJ.  It  also  causes  the  coagulation  of  easeine, 
when  first  brought  in  contact  with  that  substance.  It  is  coagulated  by 
a  Injiling  temperature,  and  when  once  Hubjt?ctc<l  to  the  action  of  heat 
loses  jMfrmanentl}"  its  digestive  power.  It  is  also  thrown  down  by  alco- 
hol in  excess,  but  may  be  redissolved  in  water  after  removal  of  the 
alcohol.  Pepsine  is  produced  in  the  glandular  follicles  of  the  stomach, 
and  there  mingled  with  tlie  other  ingredients  of  the  gastric  juice. 


Pancreatine. 

This  is  the  characteristic  ingredient  of  the  pancreatic  juice,  where  it 
is  very  abundant;  being  present  in  the  proportion  of  a  little  over  ninety 
parts  per  thousand.  It  is  coagulable  by  heat,  nitfic  acid,  alcohol,  and 
the  metallic  salts ;  in  these  respects  resembling  albumen.  But  it  is 
also  coagulated  by  magnesium  sulphate,  which  bus  no  effect  on  albumen. 
It  is  further  distinguished  by  the  fact  that,  after  precipitation  by  alcohol, 
it  may  be  again  dissolvet.l  iu  water,  and  its  solution  exhibits  the  same 
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albuminous  consistency  which  belongs  to  fresh  pancreatic  juice.     It  hii 
the  jiower  of  cm iilgi lying  fatty  nmtt*j/8  with  great  rapidity  at  the  teniJ 
|X"r:iture  of  tlie  liviuy;  bmly,  nnil  also  of  8ii|>onil^iug  a  certain  portion  o( 
tliem  by  the  production  of  a  fatty  acid.   It  is  believed  by  Bome  observer 
that  the  paiicrealino  of  pancreatic  juice  is  a  mixture  of  several  sult- 
/  fitance«  ;  one  uf  wijich,  liku  plyaline,  is  active  in  llie  conversion  of  starch, ) 
while  another  aids  iu  the  liquefaction  of  albuminous  matters,  and  a  thinl/ 
has  the  property  of  acting  u[}on  fats. 

Uucoaine.  ™ 

There  are  a  variety  of  secretions  in  tlie  body  which  are  designated 
by  the  common  name  of  ''mucus,"  and  which  aie  distinguished  by 
peculiar  pliysical  character  of  viscidity.  Thia  viscid  consistency  is 
given  to  them  by  the  presenc?e  of  a  substance  termed  "  mucosine,"  or,  aAJ 
it  is  called  by  some  writers,  "mucine."  It  exists  in  all  the  varieties  off 
mucus,  some  of  winch,  like  those  of  the  bronchial  tulxis  and  intestine, 
are  nearly  fluid,  while  others,  like  that  of  the  cervix  uteri  during  preg- 
nancy, are  gelatinous  and  semi-solid.  It  is  aJso  present  in  abundant 
proportion  in  the  synovia,  the  bile,  and  the  saliva  of  the  submaxillary 
and  sidiliitgual  ghn<ls.  The  secretion  of  the  mucous  follicles  of  the 
mouth  consists  almost  eiitii'el!_j'  of  it.  Mucosine  is  not  coagulated  by 
heat,  but  is  thrown  down  by  alcohol  and  by  tlie  acids,  both  mineral  and 
organic.  It  is  remarkably  unaffected  by  the  metallic  salts,  lead  suli- 
ncetate  being  the  only  one  that  pro<liice3  a  distinct  coagulation.  In 
some  cases,  as  in  the  bile,  it  is  dissolved  in  the  fluid  ingredients  of  the 
secretion,  from  which  it  may  bo  separated  by  the  action  of  alcohol.  In 
others,  as  in  tiie  urincj  it  is  only  mechanically  8usi>ended,  and  subsides 
aa  a  light  deposit  after  a  few  hours'  repose. 

Myosine. 

Tlie  contractile  substance  of  the  striped  muscular  fibres  contains 
albuminous  matter  which  after  death  coagulates,  like  the  fibrine  of  the 
blood-plasma ;  at  the  same  time  the  muscles  lose  their  contractility  and 
assume  the  condition  of  cadaveric  rigidity.  The  coagulation  of  this 
substance  is  retarded  by  the  action  of  cold  ;  and  it  has  been  extracted! 
by  Kiihnc,  from  tlie  muscular  tissue  of  frogA,  by  the  following  process 
The  vascul.ar  sj'stera  is  fust  dej>rived  of  bloud  by  an  injection  of  a  ^  per 
cent,  solution  of  sodium  chloride.  The  muscles,  thoroughly  washed, 
are  then  subjected  for  two  hours  to  a  temperature  of  Y"  to  10"  below 
0°  (170F. ),  reduced  to  a  pulp  in  a  cold  mortar,  and  then  allowed 
gradually  to  thaw  upon  a  filter.  The  filtered  liquid  coagulates  spon* 
taneously  at  ordinary  temperatures. 

Coagulated  myosine  is  gelatinous,  and  without  fibrillated  texture. 
It  is  insoluble  in  water  and  in  concentrate*!  solutions  of  common  salt ; 
but  is  dissolved  by  a  watery  sohiliun  of  salt,  made  iu  the  proportion  of 
ten  ])er  cent,  or  less.  It  is  extracte<i  from  the  muscles  after  death  by 
bruising  the  muscular  tissue  to  a  pulp  in  a  ten  per  cent,  solution  of 


iutn  chloride,  filtering  the  expressefl  liquid,  and  then  precipitating 
the  dissolved  myortiue  by  dropping  the  clear  Balution  into  didtille<i 
wtter.  It  tuay  also  be  precipitated  by  adding  aodiitm  ehiorido  in  aub- 
stanve,  and  thus  iucrcaaing  the  strength  of  tlie  solution.  Myosine  is 
distingiiisheil  from  the  fibriue  of  the  blood  by  its  comjilete  solubility 
in  saline  solutions  of  a  certain  streufj^tli,  an  well  us  in  dilute  aci<!s  and 
alkalies.  When  dissolved  in  a  neutral  saline  fluid  it  is  coagulable  by 
beat,  like  the  albumen  of  blood. 

The  preceding  sultstances  are  all  naturally  liquid,  or  nearly  so,  in  con- 
sistency, and  form  constituent  parts  of  the  various  animal  fluids  and 
juices.     The  following  are  Logredienta  of  the  solid  tissues. 

Collagen. 

Thia  substance  is  very  widely  did'uscd  in  the  animal  bodj',  forming 
the  more  or  less  homogeneous  interstitial  mass  of  the  bones,  perios- 
teum, tendons,  ligaments,  faseia;,  and  connective  tissues  generally.  All 
these  tissues,  although  at  first  insoluble7  alter  loug  ebullition  dissolve 
in  the  boiling  water;  and  the  bubstanee  thus  dissolved  solidifies  on  cool- 
ing into  a  jelly-like  mass.  This  sulislanoe  is  gelatine^  or  the  animal 
principle  of  glue.  Gelatine,  however,  dftes  not  exist  as  such  in  the 
osseous  and  fibrous  tissues  in  their  natural  condition,  but  is  evidently 
the  residt  of  a  transfoniiation  produced  by  long  Itoiling.  The  original 
lto<ly  of  which  these  tissues  arc  mainly  composed  is  tenned  ''collagen  ;" 
that  is,  H  substance  which  produces  gelatine  or  glue.  The  conversion 
of  collagen  into  gelatine  is  a  8iui|>le  transformation,  and  neither  a  decom- 
position nor  combination,  since  it  is  not  accompanied  by  any  increase  or 
diminution  of  weight. 

The  gelatine  pro<luccd  by  the  action  of  boiling  water  on  eoll.ngen, 
when  ])re8ent  in  the  proportion  of  ton  parts  per  thousand,  solidifies  on 
cooling;  below  this  proportion,  or  if  the  boiling  be  repeated,  it  may 
remain  liquid.  Its  solution  rotates  the  plane  of  jjolarization  to  the 
left  130'-,  It  is  precipitated  by  alcohol  and  by  tannic  acid.  The  last, 
which  is  the  only  acid  by  which  this  substance  is  precipitated,  is  a 
Tery  sensitive  test  of  its  presence;  and,  according  to  Hardy,'  will  de- 
tect one  part  of  gelatine  in  f»()00  parts  of  water.  A  similar  combination 
no  doubt  takes  place,  in  the  process  of  tanning,  between  tannic  acid 
and  the  origimd  collagen  of  the  llbrous  tissues,  by  which  they  are  ren- 
dered harder,  more  impermeable  to  water,  and  incapable  of  putrefac- 
tion. Gelatine  is  not  atfected  by  potassium  ferrocyanide  with  acetic 
icid,  nor  by  lead  subacctate. 

Chondrine. 

The  amorphous  intercellular  substance  of  cartilage  resembles  that 
of  the  bones  and  the  fibrous  tissues  in  being  changed  by  prolonged  boil- 
ing with  water  into  a  bubstnuce  which  will  gelatinize  on  cooling.     Jn 


'  Chimie  Biologique.     Paris,  1871,  p.  282. 
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tlie  case  of  llie  cartiluges,  however,  Ihls  suhstauce  is  termeil  chondriney] 
fforu  the  source  froin  which  it  is  ilerivetl.     Choiidriue  corresponds  with 
gcbitijiti  ill  most  wf  its  characters,  but  diders  fnmi  it  iu  being  pi'ecipitated 
from  its  watery  solution  by  bulh  acetic  acid  luid  letul  subacetate.     Iti 
rotates  the  plaue  aC  polarization  to  the  letl  213°.5. 

ElasticiBe. 

The  fibres  of  all  the  yellow  elastic  tiasups,  as  that  in  the  middle  co«t 
of  the  larger  arteries,  the  elastic  ligaments  of  the  spinal  column,  aud  the 
ligjvint'iitum  niichie,  raiuidy  consist  of  a  houiogeneotis  substance  which 
possessfs  all  t!uj  pliysicul  properties  of  the  fibre  itself,  and  is  furthermore 
distinguished  by  its  extremely  refractory  nature  townrd  most  chemical 
reagents.  It  is  obtaine<i  by  boiliiij;  the  ehistic  fibres  succeJisively  withj 
alcohol^  ether,  water,  neetie  acid,  dilute  soda  solution,  and  dilnte  hydrc 
chloric  acid.  The  elasticine  is  thus  purifit-d  from  other  ingredients,  but' 
is  not  itself  Boluble  in  either  of  the  above  reagents.  Jt  is  not  converted 
into  gelatine  even  by  long  boiling ;  and  it  is  dissolved,  bat,  at  tl 
same  liuie,  decomposed,  oidy  by  the  concentrated  aci<ls  and  alkalies.' 
The  slender  elastic  fil)res  mingled  with  connective  tissue,  and  the  sarco- 
leinma  of  the  striped  muscular  fibres,  are  probably  composed  of  th« 
same  substance. 


>re 
^al       I 

uit^^ 
led^i 
thofl 

iea,^^ 


tible  substance  of  the  hair,  nails, 

tissues.     It  is  unafTeeteil  by  boiling  with  ftlcohol,  ether,  water,  aud  the 


Keratine. 

Under  this  name  is  known  the  exceedingly  resisting  and  indestruc 

epidermis,  feathers,  and  all  horny 

■  *^« J 

dilute  acids.    By  continuous  boiling  in  a  Ptt|)iu'»  digester  at  l.'iU°  (3f>3^  ^  j^^| 

it  is  liquefied  and  partly  decomposed.      It  is  distinguished   from  the^™ 
pr^-'Cediug  substance  by  contnining  sulphur  as  an  ingredient,  which  is 
not  ]in".si'iit  in  elasticine.     Kenitine,  aci-ortbtifrly,  when  decomposetl  l»y 
boiling  miller  pressure  or  with  concentrated  alkalies,  gives  rise  to  hydro- 
gen sulphide  vapors. 


It  is  evident  that  the  albuminous  snbstanceg,  under  different  fonrn 
constitute  a  large  and  important  part  of  the  mass  of  the  body;  and 
they  are  during  Ufc  in  a  constant  state  of  active  alteration,  they  require 
for  their  maintenance  an  ahundant  supply  of  similar  ingredients  in  the 
food.  All  highly  nutritious  articles  of  diet  contain  more  or  less  of 
these  substances.  According  to  the  estimates  of  Payen,  which  corre- 
spond very  closely  in  their  gross  results  with  our  own  observations, 
adult  man  requires  a  daily  sufudy  of  about  \30  grarnmes  of  albuminou! 
matter  to  [irovide  for  tiie  wants  of  the  system  ;  and  this  quantity 
actually  contained  in  the  food  consumed. 

But  although  nitrogenous  matter  is  thus  abundantly  su|ipHe<l  to  the 
system  from  without,  yet  the  particidar  kinds  of  albuminous  suhstaueea 
characteristic  of  the  various  tissues  and  fluids  are  formed  within  the 
body  in  the  process  of  digestion  and  assimilation,  by  transformation  of 
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those  which  are  introduced  with  the  food.  A  lai^  part  of  the  albu- 
minous matters  of  the  food  are  derived  from  vegetables,  and,  though 
closely  related  to  the  corresponding  animal  substances,  are  not  pre- 
cisely identical  with  them.  Even  the  animal  albuminous  matters  used 
for  food,  as  the  albumen  of  eggs,  the  caseine  of  milk,  and  the  sub- 
stance of  muscular  flesh,  are  usually  taken  in  tlie  coagulated  form,  and 
suffer  still  further  changes  before  they  become  converted  into  the  albu- 
men of  the  blood.  From  their  subsequent  metamorphoses  in  the  act 
of  nutrition  they  are  transformed  into  the  many  specific  varieties  of 
albuminous  matter  peculiar  to  the  different  tissues  and  fluids. 

Only  a  very  small  proportion  of  these  substances  is  discharged  with 
the  excretions.     The  albuminous  ingredients  of  the  perspiration  an^\ 
sebaceous  matter,  and  the  mucus  of  the  urinary  bladder  and  large  intes- 
tine are  almost  the  only  ones  which  find  an  exit  from  the  body  in  this  ? 
way.     A  minute  quantity  of  albuminous  matter  is  exhaled  in  a  volar  \ 
tile  form  with  the  breath,  and  a  little  also,  in  all  probability,  from  the  ] 
cutaneous  surface.     But  the  entire  quantity  so  discharged  bears  an  ^ 
insignificant  proportion  to  that  which  is  daily  introduced  with  the  food. 
The  albuminous  substances,  accordingly,  are  decomposed  in  the  interior 
of  the  body.     They  are  transformed  by  the  process  of  destructive  assi- 
milation, and  their  elements  are  finally  eliminated  and  discharged  imder 
otbsr  foigas  of  combination. 


CHAPTER  Y. 

OOLOEING  MATTERS. 

There  are  found,  in  various  parts  of  the  animal  body,  a  number  ot 
substances  which  are  distinguished  by  imparting  to  the  tissues  and 
fluids  a  distinct  and  characteristic  coloration.  Notwithstanding  the 
evident  pliysiological  importance  of  these  substances,  and  the  striking 
character  of  their  optical  properties,  they  have  proved  in  many  re- 
spects more  difficult  of  study  than  the  other  proximate  principles; 
and  with  regard  to  several  of  them  our  knowledge  is  still  very  imper- 
fect. In  some  instances  tliis  is  partly  due  to  the  comparatively  small 
quantity  in  which  they  occur,  in  others  to  the  extreme  readiness  with 
wliich  they  are  decomposed  or  altered  in  the  process  of  separation.  In 
some  cases  it  has  been  found  difficult  to  decide  whether  a  variation  of 
tint  be  due  to  the  different  proportions  of  one  or  more,  different  color- 
ing matters  or  to  the  varying  degrees  of  concentration  of  a  single  one. 

The  coloring  matters  are  all  nitrogenous  compounds,  but  diflfer  in 
essential  particulars  from  the  albuminous  substances.  Those  which 
have  been  most  fully  examined  are  known  to  be  crystallizable ;  and  it  is 
possible  that  all  of  them  might  be  obtained  in  a  crystalline  form,  conid 
they  be  completely  separated  without  decomposition.  The  most  abun- 
dant of  all,  and  that  which  possesses  the  most  important  physiological 
properties,  is  the  red  coloring  matter  of  the  blood.  It  appears  to  be 
analogous  in  many  respects  to  the  green  matter  of  the  leaves  and  leaf- 
like  organs  in  the  vegetable  world.  Each  of  these  two  coloring  matters 
is  the  most  abundant  and  widely  diOViscd  in  its  own  kingdom,  and  is 
distinguished  by  tlie  identity  of  its  characters  in  many  different  species 
of  animals  and  plants  respectively ;  and  while  the  red  coloring  matter 
of  the  blood,  on  the  one  hand,  is  the  agent  by  which  oxygen  is  absorbed 
and  distributed  in  the  animal  body,  on  the  other,  it  is  the  green  coloring 
matter  of  plants  by  which  carbonic  anid  and  water  are  decomposed  and 
oxygen  set  free  in  the  act  of  vegetation.  It  is  believed  by  many  ob- 
servers that  all  the  coloring  matters  of  the  animal  body,  at  least  in  man 
and  the  vertebrate  animals,  are  derived  by  transformation  from  the 
coloring  matter  of  the  blood ;  and  although  we  have  no  complete  experi- 
mental evidence  that  this  is  true  in  all  cases,  yet  it  is  evident  that  these 
substances  have  a  close  physiological  relation  with  each  other,  perhaps 
as  distinct  and  real  as  that  which  exists  between  the  various  members 
of  the  albuminous  or  saccliarine  grou))s. 

The  organic  coloring  matters  may  be  conveniently  removed  from 
liquids  containing  them  by  the  action  of  animal  charcoal,'  that  is, 
(94) 
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irbon  derived  from  the  imperfect  combustion  of  animal  snbstancea. 
Burned  bones  are  generally  employed  for  this  jjurpose,  their  combustion 
having  been  carrie<l  on  with  a  scanty  supjily  of  air,  so  that  while  the 
hydrijgen,  nitrogen,  and  oxygen  are  tlriven  olf  in  the  form  of  gaseous 
combinations,  the  carbon  remains  luehind.  If  a  fluid  containing  either 
of  the  eoloring  matters  Ite  mixed  with  a  sufficii-nt  qxiantity  of  this  char- 
coal and  "filtered,  the  filtered  fluid  will  pass  through  colorless.  Albu- 
^^minouH  substances  are  also  retiiined  upon  the  filler  when  tre.-itt'il  with 
^V animal  charcoal ;  while  glucose  and  other  crystatlizable  ainl  sulitic  uial- 
ters  pass  through  freely  in  solution. 

The  animal  coloring  matters  most  distinctly  recognized  are  those  of 
the  blood,  the  blackish-brown  solid  tissues,  the  bile,  and  the  urine. 

Hemoglobine,  C„„H^N,i,Fe.SjO,„. 

This  is  the  coloring  matter  of  the  red  globules  of  the  blood,  the  most 

ibundant  and  important  of  hII  the  substances  belonging  to  this  group. 

It  constitutes  nineU  the  largest  proiKniion  of  the  solid  iiis-reilieuts  of 

lie  bloo<l-globuk's,  amounting  in  all  probability  to  from  25  to  30  p«"r 

ent.  of  their  weight  in  the 


eah   conditioa.     It   is   also 
fonml,  in  much  sm.iller  quan- 

itity,  in  the  substance  of  the 
muscular  tissue,  of  which  it 
^rms  the  coloring  pnnciple. 
It  crystallizes  in  well  marked 
lonus,  which  vary  somewhat 
In   different    species  of    ani- 
mals ;  but  are  all,  so  far  as 
^^ureurately      known,      either 
^ftiiqmbic  or  hexagonal  tables 
^^r  prisms.     It  is  soluble'  in 
^HraUT,  in  verj^  dilute  alcohol, 
^pnd    in    dilute    soluUona    of 
ftlhmnen,  of  the  Jilkjlies  and 
their  carbguates,  and  of  so- 
(lium  and  ammonium  phos- 
ttes.      It   is   insoluble   in 
trong  alcohol,  in  ether,  and 
the  volatile  and  fatty  oils. 


Fig.  19. 


Hbkoolobisii  CRYSTAtfi;  rrom  human  bloodr 
(Fuoke.) 


In  almost  every  condition  it  is  readily 

composed.  According  to  Preyer,'  crystals  which  have  been  tlunoiighly 

lrie<l  at  a  tcm[)erati!re  below  the  freezing  point  become,  after  a  time, 

om|)ose<l,  and  lose  their  color  and  solubility,  even  at  onllnary  tem- 

raturcs.     A  watery  solution  of  heraoglobinc  kept  at  any  temperature 

vc  0°  (82^  J")  becomes  alterwl  in  the  course  of  twenty-four  hours, 

id  if  heated  to  64"=  (1473  F.)  it  is  at  once  decomposed. 


'  We  Blutkrystalle.     Jena,  1871,  p.  58. 
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HsMOOLuBiKBORrttTALH;  from  ilog-fncrU 
btlioon.    (Preycr.) 


Hemoglobine,  both  cry8tallize<l  and  in  watery  solution,  has  the  clear 
bright  red  culur  of  arterial  bluod.     It  is  distingutKhed  be^'ond  all  other 

known    iiij:reiiient3    of    the 
Fig.  20.  body,  by  its  capacity  for  ab- 

Borbing  oxygen,  which  it 
retains  in  the  form  of  a  loose 
combination.  Aeeordtug  to 
tlie  average  result  of  various 
exiverimcnts  one  gramme  of 
hemoglobine  in  watery  solu- 
tion will  absorb  l.il  cubic 
eenti metres  of  ox^jiCeu.  The 
oxygen  thus  absorbe<1  is 
again  given  otf  under  tiie  in- 
fluence of  diminished  pres- 
sure, heat,  or  the  continued 
displacing  action  of  hydro- 
gen or  nitrogen  gas.  The 
coloring  matter  is  accord- 
ingly iinown  under  two  <lif- 
ferent  forms,  nnniely,  that 
of  "  oxidized"  henioglobine, 
containing  an  excess  of  loosely  combined  oxygen,  and  that  of  "  reduced" 
henioglobine,  in  whieU  thet*ur]jtus  oxygen  has  Ix'on  removed.  Tiie  color 
of  hemoglobine  varies  according  to  tliese  two  conditions,  being  bright 
red  in  the  oxidized  form,  and  dark  purple  when  deoxidized.  The 
presence  of  heraoglobine  in  either  one  of  these  two  conditions  is  the 
cause  of  tlie  color  of  arterial  an<l  venour^"  blood. 

A  marked  feature  in  the  chemical  constitution  f)f  bemoglobine  is  that 
it  contains  iron.  This  fact  is  the  more  important  because  it  is  the  only 
substance  in  the  animal  lto<ly,  excepting  hair,  which  contains  iron  in 
any  considerable  amount,  and  Ix'cause  iron  is  also  an  indispensable 
requisite  for  the  formation  of  the  green  coloring  matter  of  plants. 
Experiment  has  shown  that  without  the  presence  of  iron  vegetation 
cannot  go  on ;  and  there  is  every  reason  to  believe  that  iron  is  eciually 
essentia]  to  the  constitution  of  the  animal  coloring  matter,  and  thus 
indirectly  to  the  general  nutrition  of  the  animal  body.  It  is  ]>resent 
in  liemoglobine,  in  all  probability,  not  in  the  form  of  a  distinct  oxide, 
but  direetly  combined,  like  sulphur,  with  the  carbon,  hydrogen,  nitro- 
gen, and  oxygen  which  form  the  remainder  of  its  substance. 

One  thousand  parts  of  hemoglobinc  contain  4.2  parts  of  iron ;  and, 
according  to  the  average  results  obtained  by  dilferent  observers,  healthy 
human  blood  contains,  per  thousand  parts,  193.4  parts  of  hemoglobine, 
and  0..'>2  [mrt  of  iron.  This  would  give,  for  a  man  weighing  fi5  kilo- 
grammes, 4.22  grammes  of  iron,  as  contained  in  the  blood  of  the  whole 
bo<ly. 

The  iron  of  the  hemoglobine  passes  out  of  the  boily  by  the  bile  and 


Ihe  urine,  both  of  which  contain  slight  traces  of  its  presence.  It  is  also 
coiiiaineil  in  the  hair,  where  it  forms  sotnetiuies  as  much  as  7  per  cent, 
of  the  iucombustible  ijigrcHlients.  It  in  suppiie*!  to  the  body  in  ample 
abunilancti  by  unlinsuy  fuo<l,  in  which  it  is  ulwny»  pi-esent  in  appre- 
ciable amount.  Green  vegetables  of  course  contain  it,  :ia  an  ingre- 
dient of  their  coloring  mutter.  Since  bemoglobine  exists  to  some 
extent  in  muscular  tissue,  it  will  be  present  in  a  mure  or  less  altered 
form,  but  still  containing  iron,  in  most  kinds  of  aniuiiil  food.  Accord- 
ing to  the  analyses  of  Molcschott,  5uO  gnimmes  of  l>eef  (about  one 
pound  aroirdu{)ois)  will  contain  0.035  gramme  of  iron;  and  iron  is 
also  found  in  even  larger  proportion  in  rye,  barley,  oats,  wheat,  iwas, 
and  especially  in  strawberries.  -\s  the  quantity  of  this  substance  ilaily 
discharge*!  in  the  uriue  and  with  the  bile  is  ho  small,  we  must  regard 
the  greater  portion  of  that  which  passes  through  the  system  as  used 
in  the  growth  of  the  hair;  and  a  very  mo<k-rate  amount  contained  in 
the  food  must  be  sufflcieut  for  the  daily  requirements  of  nutrition. 

Helanine. 

In  all  the  dark-colored  tissues  of  the  bodj',  in  the  choroid  coat  of 
the  eyeball,  tlie  rete  Malpighi  of  the  skin  in  the  black  nnd  brown  races 
and  in  all  imlividuals  of  dark  complexion,  in  the  hnir,  and  in  the 
substance  of  melanotic  tumors,  there  exists  a  coloring  matter  known 
as  melanine.  When  isolated  or  when  collected  in  compact  masses,  it  is 
of  a  very  dark  blackish-brown  color;  but  by  its  mixture,  in  different 
proportions,  with  other  colorless  or  ruddy  scmitransp-irent  elements  of 
the  tissues,  it  may  produce  all  the  varying  grades  of  hue,  from  light 
yellowish-brown  to  an  nlmost  absolute  black.  It  is  deposited  in  the 
8ubst.ince  of  the  animal  cells  in  the  form  of  minute  granules,  and  is 
usually  more  ahnnthmt  in  the  immediate  neighborhood  of  the  nucleus, 
irbcn  oue  is  present,  tlian  near  the  edges  of  the  cell. 

Melanine  has  not  yet  been  obtained  in  a  perfect  crystalline  form,  and 
its  chemical  characters  are  not  completely  determined.  It  is  known, 
however,  to  be  a  nitrogenous  snbstaiiee.  As  tlic  average  result  of  vari- 
ous analyses  collecte<l  by  IIoppe-t?eyler,'  it  contains,  freeii  from  ashes, 
the  following  proitoitious,  by  weight,  of  carbon,  hydrogen,  nitrogen,  and 

CoMposmoH  OF  Melaklvb. 


Carbon 


Hvd 


ro^en 


Nitrogen 
Oiyger 


54.39 

6.(18 
11.17 
29.:i6 


100.00 


According  to  Kiihne'  repeated  observations  show  that  it  also  con- 


'  rFiindbuch  cler  Physiiologisch-  nnd  PathoJngiscb-Chemischen  Anftlysc.     Berlin, 
1870.  p.  177. 
*  Lehrbuch  dcr  PhysiologiBchen  Cliemie.     Leipzig,  1868,  pp.  365,  442. 
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tains  iron,  wliich  has  b(.cu  fouud  iii  the  proporlion  of  2.5  parts  per 
Ibousaiid  in  the  itic-otiibiistible  resi<luc. 

Mtlaninu  is  insoluble  in  water,  nicoliol,  ether,  and  solutions  of  the 
organic  and  iiiiiuTal  fields,  lioiliiig  solutions  of  potaftsinm  hydrate 
dissolve  it  without  change  of  color,  hut  its  color  is  destroj'ed  by  chlo- 
rine. It  is  regarded  as  derived  from  the  coloring  mailer  of  tin-  liloo<l, 
but  there  is  no  positive  evidence  of  this,  further  than  the  fnct  that  it 
coutuina  iron,  and  that  it  forms  tliu  coloring  matler  of  the  huir,  in 
which  most  of  the  iron  of  the  blood-globules  is  probably  deposited. 

Bilirnbine,  C|gHj,N,Oj, 

The  red  or  orangc-reti  coloring  matter  of  the  bile.  This  substance 
has  been  designated,  by  difl'erent  writers,  under  the  various  nnnics  of 
Uiliphffiin,  Bilifulvinc,  Hematoidinc,  and  Cliolepyrrhine.  It  is  formed 
in  the  substance  of  the  UiS^  and  may  be  extracted  from  the  liver- 
cells  in  a  pure  form.  From  these  it  is  taken  up  by  the  biliary 
ducts  and  mingled  with  the  other  ingredients  of  the  bile.  It  is  crystal- 
lizabte,  soluble  in  chloroform,  Icsa  so  in  alcohol,  and  slightly  soluble 
in  ether.  It  is  readily  scjluble  also  in  alkaliiie  liquids,  Init  quite  insolu- 
ble in  pure  water.  In  tlie  orystallized  form  its  color  is  red;  in  the 
nmorphous  conrlition,  orange  ;  and  in  sululion,  reddish-brown  or  yellow, 
according  to  the  dcgR-e  of  concentintion.  Accoi-tiing  to  Uoppe-Seyler, 
it  gives  a  perceptible  jcllow  color  when  viewed  in  a  layer  of  1.5  centi- 
metre's thicknoHs,  even  if  dissolved  in  500,000  times  its  weight  of  fluid. 

Solutjims  of  liiljrujbine  exhiliit  a  well-niaiked  reaction  with  nitroso- 
nitric  acid,  which  is^  known  as  "  (Jtmelin's  bile  test.*'  If  to  such  a  solu- 
tion we  add  a  small  (juaiitity  of  nitric  acid,  in  which  nitrous  acid  is  also 
present,  a  series  of  colors  is  ])rodiiced  in  the  following  order:  green, 
blue,  violet,  red,  and  finally  a  dingy  yellow.  These  colors  are  |>roduced 
by  transformation  of  tlie  bilirubine,  and  represent  successive  degrees 
of  its  oxidation  by  nitric  acid.  The  reaction  is  a  very  sensitive  one, 
nn<l,  according  to  Hoppe-Seyler,  will  jiroduce  a  visible  result  in  solu- 
tions containing  tmly  one  part  in  70,000. 

Bilirubine  is  generally  regarilod  as  ilerived  from  heraoglohine.  The 
reasons  for  this  opinion  are:  First,  its  reddish  color,  similar,  in  some 
degree,  to  that  of  diluted  blood.  SecontUy,  it  has  bet*n  found  in  various 
parts  of  the  body,  in  oM  blondy  extravasatiims,  evidently  produce<l 
from  an  alteration  of  the  blood  upon  the  sjiot.  When  found  under 
these  circumstances,  it  was  formerly  known  as  hfmatoidine.  Thirdly, 
if  hemoglobinc,  in  the  living  .inimal,  be  withdrawn  from  the  bloo<l- 
globnles,  and  made  to  assume  a  liquid  form  by  altemately  freezing 
and  thawing  a  portion  of  freshly  drawn  blood,  atid  then  re-injected 
into  the  bloodvessels,  this  oi>eratirm  is  foUowctl  by  a  discharge  of  bili- 
rubine with  the  nrine.  If  hemoglobinc,  however,  be  normally  trans- 
formed into  bilirubine,  its  iron  nn<I  sulphur  must  enter  into  some  other 
couibituition,as  neither  of  these  substances  exists  in  the  coloring  matter 
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of  the  bile.  Bilirubine,  if  exposed  to  the  ntmospberic  air  in  alkaline 
solution,  Incomes  oxidized  and  asaume.s  a  green  color,  being  converted 
into  another  closely  related  substance,  namely,  biliverdiue. 

BiliTerdine,  CuH»N,Oj. 

In  addition  to  biliruitine,  the  bile  contains  also  a  green  coloring 
matter,  namely,  biliverdine;  and  its  varying  tint  in  cliHerent  s|H!cimeu9 
dejiends  on  the  ditferent  proportions  in  which  the  two  suhstancus  are 
present.  In  many  8iXH?ie3  of  nnimaU,  as  in  the  ox,  sheep,  rabbit,  and 
vegetable  feeders  generally,  the  bile  proseiita  a  strong  green  or  giet'nish 
color,  due  to  the  comparative  abundance  of  bilivcrdiuu,  liilivunline 
is  insoluble  in  water,  ether,  and  chloroform,  readily  soluble  in  dilute 
alkaline  solutions  and  in  ak-ohol.  It  is  also  soluble  in  glacial  acetic 
aci«l,  and  is  depojulted  from  the  evaporated  solution  in  the  form  of  an 
im|>erfect  crystallizutiun.  It  is  often  found  in  human  gall-stones,  and 
in  the  dog  is  abundantly  deposited  along  the  edgL-s  of  the  plact-nla. 

There  is  every  reason  to  believe  that  biliverdine  is  formed  from  bili- 
rubine by  a  process  of  oxidation,  tiie  elements  of  water  enleriiig  at  tiie 
same  time  into  combination.  The  nature  of  this  change  is  shown  by 
the  following  formula: 

Biliruttino.  Biliverdine. 

C„II„N,U,  +  11,0  +  0  =  <.'„H,,N,04. 

The  prompt  conversion  of  the  color  of  ruddy  or  reddish-brown  bile 
into  green  by  the  action  of  various  oxidizing  agents,  or  even  by  ex- 
posure to  the  air,  and  the  evident  chemicsil  relationsliip  between  the 
two  substances,  leave  no  doubt  th:it  this  is  the  mode  in  which  bili- 
verdine originates  in  the  aninml  liu<Iy.  Both  bilirubine  and  biliverdine 
are  discharge^l  with  the  bile  into  the  alimentary  canal,  but  tliey  become 
undistinguishable  toward  the  lower  end  of  the  small  intestine.  Beyond 
that  [K)int  they  arc  replacfd  iiy  the  brown  coloring  matter  of  the  feces, 
and  are  Unally  discharged  from  the  body  under  this  form. 

TJrockrome. 
The  coloring  matter  of  the  urine  has  been  repeatedly  studied  by 
com^Xitent  and  laborious  observers,  but  thus  far  with  only  partial  suc- 
cca«.  The  eubstances  which  have  been  extracted  from  the  udue  by 
various  methods,  and  which  have  been  regarded  as  representing,  more 
or  less  exactly,  its  natural  coloring  pr!nei|ile,  are  known  by  the  dif- 
ferent names  of  Urochrome,  Urosine,  Urosaeine,  Ilemaphseine,  Uro- 
bematine,  Uroxanthine,  Urobiline,  and  Ilydrobilirubine.  They  are  all 
probably  modifications  of  tlio  same  eobstance,  variously  altered  by  dif- 
ferent methods  of  extraction,  or  obtained  in  different  grades  of  purity. 
The  fresh,  normal  urine  has  a  light  yellowisli  or  amber  color,  while 
specimensof  unusually  high  specific  gravity,  and  particularly  specimens 
of  febrile  urine,  often  exhibit  a  distinct  red<bsh  hue.  Normal  nrine, 
which,  when  fresh,  is  only  amber-colored,  will  often,  by  exposure  to 
the  air,  acquire  a  tinge  of  red.      The  substance  obtained   by  Thudi 
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chum,'  and  called  by  him  urochrome,  is  precipitable  from  the  urine  by 
\ariou9  metallic  salts.  It  has  not  yet  been  i>rotUiet'd  in  a  erj'stiiUine 
form.  It  is  soluble  iu  water  and  iii  ether,  but  only  slightly  soluble 
ill  alcohol.  ltd  watery  .solution  has  ayc-Uowiali  color,  which,  on  stand- 
ing, becomes  red.  Uruhematine  (Hurley)  is  uitrogenous  in  composition, 
and  contains  iron.'  It  is  insoluble  iu  pure  water,  but  solultlc  in  the 
fresh  uiine,  as  well  as  iu  etherj  chlorofonn,  and  alcohol.  The  sub- 
stauee  termed  Urobilinv  (Jalll^)  was  so  named  becjiuse  suiiposed  to  be 
derived  from  the  coloring  matters  of  the  bile.  It  is  soluble  in  alcohol, 
ether,  and  chloroform.  Its  solutions  have  a  brownish-yellow  color, 
ami,  Ijy  dilution,  become  first  yellow,  and  lastly  faint  ros^'-red.  It  was 
found  liy  Jalfe  to  be  present  in  uearly  every  instance  (45  cases)  io 
healthy  human  urine,  where  it  was  recognized,  after  partial  extraction 
aud  j)uriticaliou,  by  its  peculiar  optical  (sjx'ctroscopic)  properties. 
The  same  observer,  however,  found  that  fresh  urine,  not  sulyi>cte<l  to 
chemical  manipulation,  woidd  often  present  no  indication  of  urobiline. 
Such  urine,  if  secluded  from  the  (itnios|ihere,  would  remain  light- 
colorcil,  and  free  from  tlits  substance;  but  if  exposed  to  the  air  for  from 
two  to  twelve  hours,  would  become  darker  in  hue,  and  at  the  same  lime 
would  show,  by  the  spectroscope,  signs  of  the  jiresenee  of  urobiline. 

It  is  eviilent,  therefore,  that  the  urine  contains  a  coloring  matter 
which  gives  to  it  iu  the  fresh  condition  its  well  known  amber  liut. 
This  substance  is  liable  to  be  changed  under  the  influence  of  oxidation, 
aud  to  assume  in  th:jt  con<lition  a  more  or  less  distinct  re<l  color. 
Such  a  moditieation  cerlaiidy  takes  place  outside  the  body,  and  it  ia 
possible  that  it  may  also  occur  within  the  system,  giving  rise  to  the 
varying  proportions  of  red  in  the  color  of  the  urine  in  different 
healthy  antl  diseased  conditions. 

Besiile  the  above  named  substances,  there  are  two  other  botlies  of  suf- 
ficient interest  in  general  physiology  to  be  enumerated  in  connection 
with  those  already  described. 

luteine. 

This  substance,  as  its  name  indicates,  is  of  a  strongly  marked  yellow 
color.  It  is  extracted  from  the  3^o!k  of  eggs,  aud  from  the  tissue  of  the 
corpus  luteum.  It  exists  also,  according  to  Thudichum,*  in  the  grains 
of  Indian  corn,  in  certain  berries  anil  roots,  ami  in  the  yellow  stamena 
and  petals  of  a  large  numlK-r  of  flowering  jilante.  It  is  crystallizable, 
soluble  in  alcohol,  (■ther,  chloroform,  and  the  fatty  oils,  but  in.solubh'  in 
"water.  It  is  readily  decomposed  and  deeolorized  by  sunshine;  and  by 
the  action  of  nitric  acid  it  ia  first  turned  blue,  and  afterward  decolorized 


•  British  Medical  .Tonrnal.  London,  Nov.  5,  1864. 

•  Htirlcy,  Tlie  Uriue  and  ita  Pemtipptncnts.     Philadelphia,  1872,  p.  97. 

•  Archiv    Mr    Patlnjlii|rische    Anatomic    uiid    Pliysiologie,    1H69,    vol.   xlvii. 
p.  405. 

•  Ceatralblutl  flir  die  Medicinische  Wi-ssenschafteti,  1869,  p.  2. 
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It«  color  is  also  changed  to  bine  or  green  by  other  strong  acids,  but  it 
in  not  affected  by  dilule  solutiuim  of  the  allv:Jic's.  It  has  not  yet  botii 
lined  in  sufiicient  quantity  for  complete  anol^'sii^. 


Chlorophylle. 

Tlii3  is  the  green  coloring  mattt-r  of  plants.  It  is  more  Midfly  dif- 
fused than  any  other  coloring  matter  in  the  vegetable  world,  awl  it 
Apparently  constitutes  exclusively  the  coloring  princijile  of  all  the  green 
parts  of  the  higher  plants  without  exception.  Its  exact  chemical  con- 
stitution has  not  been  fully  determined,  but  it  is  considered  to  be  a 
nitrogenous  substance,  and  Mulder  has  given  it  the  formula  C^II^NO,. 
It  is  certain  that  iron  is  essential  to  its  production,  as  plants  artiticisUty 
cultivated  without  the  access  of  this  substance,  grow  u])  iu  a  blanched 
or  chlorotic  condition ;  and  their  green  color  may  atTterward  be  restoi^ed 
by  the  sui)ply  of  moisture  containing  a  ferruginuus  salt.' 

Chlorophylle  is  of  the  first  importance  in  vegetable  physiology,  as  it 
is  under  the  inliuence  of  this  substance,  together  with  that  of  the  solar 
light,  that  the  inorganic  ingredients  of  the  soil  and  the  atmosphere  are 
deoxidized  and  combined  in  the  form  of  an  organic  carbo-hydrate.  The 
process  of  vegetation  proper,  that  is,  the  production  and  accumula- 
tion of  organic  material  in  the  form  of  starch,  sugar,  cellulose,  woody 
fibre,  and  the  substance  of  various  vegetable  tissues,  is  inseparably 
dependent  on  the  presence  and  action  of  chloropliylle.  At  the  same 
time,  iu  order  to  produce  this  effect,  the  chlorophylle  must  constitute  a 
jwirt  of  the  living  vegetable  cell ;  for  the  coloring  matter  alone,  if  ex- 
tracted from  the  chlorophylle-bolding  cells,  and  placed  under  all  other 
conditions,  such  as  the  access  of  air,  sunlight,  warmth,  and  moisture, 
known  to  be  essential  to  the  work  of  pro<luctiun,  is  fi.»und  to  be  incapai>lc 
of  forming  organic  matter  out  of  water  and  carl)onic  acid.  Its  func- 
tion, therefore,  is  not  that  of  a  simple  chemical  reagent,  but  that  of  an 
active  constituent  of  the  living  vegetable  organism. 

Chlorophylle  is  producefl,  in  the  interior  of  tlie  vegetable  cell,  some- 
times as  a  uniformly  ditfused  mass.  Usually,  however,  it  is  deposited 
in  the  fonn  of  distijict  rounded  gniins,  frequently  arranged  in  definite 
figures  or  patterns  in  the  cavity  of  the  cell.  It  may  be  extracterl  by  the 
action  of  aleohol  or  of  ether,  Jiiid  retnins  its  grcL-n  color  in  solution*  of 
these  "tubstances.  Itdisappeara  previously  to  the  shoddinir  of  the  leaves, 
when  they  cease  to  perform  the  act  of  vegetation,  and  is  usually  replaced 
by  a  few  grains  of  red  or  j-ellowish  color. 

'  Mayer,  Lehrbach  dcr  Agrikaltur-Chemio,  Caod  i.  pp.  51,  265. 
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The  fifth  and  last  group  of  proximate  principles  consists  of  a 
number  of  colorless  substauces  which,  like  the  albuminous  matters, 
contain  nitrogen,  but  which  differ  from  them  in  being  readily  crystal- 
lizable.    Many  of  them  are  evidently  deri\ed  from  the  albumiuousN 
ingredients  of   the    body  by  retrograde  metamorphosis,  being    dis-  | 
charged  from  the  system  as  products  of  excretion.     Others  do  not  / 
exhibit  this  character,  and  are  found  only  in  the  permanent  tissues  or 
the  internal  fluids  of  the  body.  /  Several  of  them  are  of  comparatively 
recent  discover^',  and,  although  imdoubtedly  of  importance  in  the  con- 
stitution of  the  body,  are  still  somewhat  obscure  in  their  physiological 
relations. 

Lecithine,  C^HjoNPO,, 
From  Ai«t>oj,  the  yolk  of  egg,  in  which  substance  it  was  first  discovered. 
Lecithine  was  for  some  time  described  under  the  name  of  phoephorized 
fat,  owing  to  the  circumstance  that  one  of  the  products  of  its  de- 
composition is  phosphoglyceric  acid  (C,H,PO,).  It  is  not,  however, 
a  fatty  substance,  since  it  contains  nitrogen,  and  in  other  respects 
differs  from  the  fats.  As  mingled  or  combined  with  other  animal  mat- 
ters, it  has  also  been  known  by  the  name  of  ''  protagon."  Lecithine  is 
of  very  wide  distribution  in  both  the  animal  and  vegetable  kingdoms, 
occurring  in  the  cereal  grains  and  the  legdminous  seeds,  and,  according 
to  Hoi^ije-Seyler,  in  the  cellular  juices  of  a  variety  of  plants.  It  is 
found  in  the  blood,  both  iu  the  plasma  and  the  globules,  in  the  bile,  the 
spermatic  fiuid,  the  yolk  of  egg,  and  particularly  in  the  tissues  of  the 
brain,  spinal  cord,  and  nerves.  In  the  plasma  of  the  blood,  it  is  in  the 
proportion  of  0.4  part  per  thousand,  and  in  the  fresh  substance  of  the 
calf  3  brain,  according  to  the  analyses  of  Petrowsky,'  in  the  proportion 
of  31  parts  per  thousand.  Taking  into  account  the  waterj'  ingredients 
of  the  brain,  lecithine  is  about  equally  abundant  in  the  white  and  gray 
substance ;  but  of  the  solid  matters  alone,  it  constitutes  a  little  less  than 
10  per  cent,  in  the  white  substance,  and  rather  more  than  It  per  cent, 
in  the  gray  substance, 

Lecithine  obtained  from  either  of  these  sources,  if  treated  with  water, 
swells  up  into  a  pasty  mass  and  gives  origin  to  the  remarkable  appearances 
under  the  microscope  known  as   "myeline  forms;"  that  is,  a  great 

'  Archiv  fUr  die  gcsammte  Physiologic,  1873,  Band  vii.  p.  101. 
(102) 
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Tariety  of  mucilaginous  or  oily  looking  drops  and  filaments,  of  double 
contour^  whifb  exude  i'toui  tlie  edges  of  tlie  mtiss,  and  remain  separate 
and  iaiiolul»k* ;  resembling  the  micruacopic  forms  produced  under  shui- 
lar  circurastanees  from  tlie  "myeliue,"  or  medullniy  hiyer  of  nerve 
fibred.  It  is  rea<UJy  soluble  in  aleoliol,  less  so  in  etlier,  and  \h  also  solu- 
ble to  some  extent  in  clilorufurin  and  the  latty  oils.  Jt  is  readily 
decomposed  on  standing,  either  in  solutioa  or  in  a  state  of  wjitcry 
imbibition,  acquiring  an  acid  rt^action.  DeoonipoKiition  is  nlso  effected 
by  the  aetion  of  acids  or  alkalies.  By  l>oiiii)g  with  btuyta  water  it 
BUirers  a  characteristic  alteration,  giving  rise  to  the  prodiictiou  of  two 
uew  l)otlios;  namely,  a  nitrugeuous  alkaline  bubstauce  and  pliospho- 
glyceric  acid. 

Lejjiliine  has  a  special  importance,  not  only  as  nn  abundant  ingre- 
dient of  the  nervous  tissue,  but  also  as  being  tlic  oj^Iy  organic  corabina- 
tion  in  the  bo«ly  containing  phosphorus.  Considering  the  number  of 
vegetal »le  and  animal  aiticles  of  food  in  which  it  is  au  ingredient,  it  is 
evident  that  a  considenible  quuntity  must  be  intrcuUiecd  with  the  nutri- 
ment into  the  system  and  assimilated  by  the  tissues,  psvrtictdarly  by 
those  of  the  nerves  au<l  nervous  ceulre*.  But  as  no  known  organic 
combinatioa  of  pho8|)horus  is  discharged  with  the  excretions,  tais  sub- 
stance must  pass  out  of  llie  body  as  jiart  of  the  phosphates  -which 
appear  in  the  urine  au<l  the  jierspiratiou.  On  this  account,  together 
vith  the  known  fact  of  the  constant  cousmnption  of  oxygen  by  the 
animal  body,  it  is  believed  that  the  pliospLorus,  introduced  as  aa  ingre- 
dient of  organic  materials,  is  converted  by  oxidation  in  the  system 
into  phosphoric  acid,  and  thus  appears  finally  under  the  form  of  phos- 
phalic  salts. 

Cerebrine,  C,.n„NOj. 

As  Its  name  indicates,  this  is  an  ingrcilient  of  the  brain  and  nerves, 
the  only  healthy  constituents  of  the  body  in  which  it  is  known  to  exist. 
Although  tills  substance  has  not  been  obtained  in  a  crystalline  form, 
it  is  placed  among  the  members  of  this  group  because  it  resembles 
them  ill  the  general  features  of  its  ciiemieal  coii][io&ition,  particularly  in 
its  small  proportion  of  nitrogen,  ami  also  in  certain  of  its  reactions, 
which  are  entirely  dissimilar  to  those  of  an  albuminous  matter. 

Cerebrine  is  insoluble  in  water,  but  if  raoisteaed  swells  up  slowly 
into  a  panty  masa      It  is  inyoluble  in  ether  and  iu  cold  alcohol. 

It  is  rea<lily  soluble  in  boiling  absolute  alcohol,  from  which  it  is 
again  deposited  on  cooling.  Uoilirig  with  baryta  water  decom|X)8e3  it 
Very  slowly  and  incompletely,  and  does  not  produce  phosphoglyceric 
acid,  by  which  means  it  may  be  distinguished  from  lecithine.  If 
strongly  heated  in  the  air,  it  turns  brown,  melts,  and  finally  burns  with 
a  bright  flame. 

It  is  much  more  abundant  in  the  white  than  in  the  gray  substance  of 
the  brain,  forming,  according  to  Petrowsky,  iu  the  solid  ingredients  of 
tho  white  substance  9.5  per  cent.,  iu  those  of  the  gray  substance  but 


little  more  than  0.5  j>er  cent.     It  is,  therefore,  undoubtedly  a  coDstitu- 
ent  or  the  medullary  layer  of  nerve  fibres. 

Leucine,  C,n,,XO„ 
So  called  from  the  glistening  wUite  color  of  its  crystals.  It  is  found 
in  the  tissue  of  the  spli'cu,  the  thymus,  thyroid,  lymphatic,  submasiilary, 
and  parotid  glands,  the  p:niereas  nnd  pancreatic  juice,  the  brain,  liver, 
kidneys,  and  siijira-renal  CiijisuL-s.  In  all  these  situations  it  exists  in 
cum])!iratively  Kiiiall  qiaintiLj.\  but  itH  exact  projwrtiuns  have  not  been 
determined.  It  has  not  yet  been  foiuid  in  the  blood  in  a  state  of  health, 
and  has  only  been  met  "vrith  in  the  urine  in  certain  cases  of  disease. 
Accoitliug  to  Hopjie-Se^ler  it  is  one  of  the  products  of  putrefactive 
decomposition  of  albuminous  and  gelntinotia  substances.  When  pure, 
■  it  crystallizes  in  thin  white  lamina:,  in  which  foim  it  ia  readily  solu- 
ble in  water,  less  89  in  alcohoj,  and  insoluble  in  ether.  Heated 
slowly  to  170''  (338^  F.)  it  volatilizns  uuchnngoil ;  aliove  this  point  it 
is  decomposed  ;  two  of  the  products  of  its  decoinposilion  being  carbonic 
acid  and  ammonia.  Bnt  little  is  known  with  regard  to  the  normal 
origin  or  piiysiological  destination  of  this  subst-ince,  its  importanec 
beiug  only  indicated  by  the  number  and  variety-  of  the  situations  in 
which  it  is  fotiud. 

Sodium  Olycocholate,  Cj^H^jNO.Na. 

This  is  one  of  the  charactcristiic  ipgredienta  of  the  bile,  where  it 
sometimes  forma,  according  to  the  observations  of  Jacobsen,  nearly  49 
per  cent,  of  the  dry  rfsidue.  It  is  also  fountl  in  the  tissue  of  the  Hver 
and  in  the  fluids  of  the  uppe;-  part  of  the  intestinal  canal,  into  which 
it  is  discharged  with  the  bile;  but  it  does  noFexist  in  the  blood  or  in 
the  other  animal  tlinds. 

It  is  a  saline  boily,  consisting  of  a  nitrogenous  organic  acid,  glyco- 
cholic  acid  (Cj^H^NOJ  in  combination  with  sodium.  Glyeocholic  acid 
is  so  called  because  by  boiling  with  solutions  of  potassium  hydrate  or 
baryta  w.itcr,  or  by  continued  boiling  with  dilute  hydrochloric  or 
snlphuric  acids,  it  is  decomposed  with  the  productiim  of  two  new 
bodies,  namely,  glycuie  (C.HiNO,),  a  nitrogenous  neutral  substance, 
and  cltolic  ncid  (C'j,II,„0.,),  a  non-nitrogenous  organic  acid,  so  called 
liecanse  pecidiar  to  the  bile.  This  chiiiige  takes  place  with  the  a88umi>' 
tion,  by  the  glyeocholic  acid,  of  the  elementa  of  water,  as  follows: 

Qljcochotlc  neiil.  OlycVne  Chollc  acid. 

The  two  Ijodies  thus  formed  do  not,  therefore,  pre-exist  in  the  organic 
acid  of  the  bile,  but  are  produced,  by  the  addition  of  other  eiements, 
at  the  time  of  its  decomjKisition. 

Sodium  glycocholate  is  a  neutral,  crystallizablL-  substance,  very 
soluble  in  water  and  in  alcohol,  and  insoluble  iu  ether.  It  is  accord- 
ingly extracted  from  the  bile  by  the  following  process :  The  bile  is  first 
evaporated  to  dryness   over  tlie  water-bath,  the  dry  residue  extracted 
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with  absolute  alcohol,  the  alcoholic  solation  decolorized  with  animal 
oharooal,  and  then  mixe^l  with  from  8  to  10  times  its  volume  or  elber. 
A  whitisli  precipitate  is  thrown 

down  which  soon  colloctjs  into  Fig.  21. 

little  drops  and  masse^$,  of  u 
vOonsistcncy  like  that  of  Canada 
f  lienci-  the  biliarj-  salts 
bare  Ix^n  sometimes  terme<l  the 
*'  re*inous"  matters  of  the  bik-. 
In  tlte  course  of  24  hours, 
sometimes  only  after  four  or 
five  days,  the  sodium  glyco- 
cholate  crj-stallizcs  abundantly 
in  the  form  of  hcmispiierical  or 
star-9haped  masses  of  fine  ra- 
ili.atlugacicular  crystals.  Tliese 
crystals  miiy  be  preserve*!  iii- 
ilefinitely  in  the  mixture  of  al- 
uobol  and  ether  ;  but  if  the  mix- 
ture be  poured  off,  tiie  cold 
produced  b^-  evaporation  causes 
a  condensation  of  atmospheric 
moisture  and  a  rapid  melting 
and  solution  of  the  crystals,  which  may  be  seen  under  the  microscope 
liquefying  into  transparent,  rounded,  oleaginous-looking  drops.  The 
solubility  of  these  drops  in  water  and  their  insolubility  in  ether  will 
readily  distinguish  them  from  oil  globules,  which  tliey  closely  resemble 
in  their  optical  properties.  Sodium  glycoeholate  may  be  j)recipitated 
from  its  water}'  solution  by  both  the  iieulrul  and  tribasic  lead  ncetates. 
Its  alcoholic  solution  rotates  the  plane  of  polarizatiou  toward  the  right 
«6M. 


SoDirv  Oltcocrolatk  rmoM  Ox-nics. 
«.ffeT  two  (li»yV  cryit^lllzntlun.  At  the  lower 
piirt  of  the  ftgure  the  crjstnU  are  meltini;  Into 
drop*,  from  «?v(ipor»iloD  of  the  ether  sad  kbiorp- 
tloD  of  moliture. 


Sodliun  Tanrocholate,  C,n„NSO,Na.  • 

This  is  a  substance  similar  in  many  of  its  properties  to  the  last,  and, 
like  it,  a  ijeculiar  ingre<lient  of  the  bile.  Its  organic  acid,  Uutnxjholic 
acid  (C^U.jNSO,),  is  distinguished  by  containing  an  atom  of  sul- 
phar,  owing  perhaps  to  its  having  been  derived  from  the  albuminous 
matters.  If  so,  glycocholic  acid  will  represent  a  prcKluct  of  further 
oxidation,  under  which  sulphur,  hydrogen,  and  oxygen  an-  given  up  in 
such  proportions  that  the  products  of  elimination  arc  suli»huric  ucid  and 
water,  as  follows : 

Taarochalle  neld.  Olyeochollc  ucid. 

Ky  boiling  with  dilute  acids  or  alkalies,  or  even  in  water,  taurocholic  add 
is  decomposed  with  the  formation  of  two  other  Ikodies,  namely,  taurine 
(CJH-NSO,),  a  neutral  nitrogenous  substance,  containing  all  the  sulphur, 
»o  called  because  first  discovered  in   bullock's   bile,  and  cholic  acid 
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(CjiHj^Oj),  the  eame  body  produced!  by  a  similar  process  from  glyco 
cholic  acUl.  The  ctiangc  here  tUso  takes  place  with,  the  aHSumption 
of  the  clemcnta  of  water,  as  follows : 

Tnurofhulic  Auld.  THUTiae.  Cholle  acid. 

€„H,,NSO,  +  11,0  ^  C,H,NSO,  -f-  C^H^Oj. 

Sodium  taurocholate,  like  the  preceding  biliary 
salt,  is  soluble  in  water  and  in  alcohol,  and  insoluble 
ill  ether.  It  is  extracte<l  from  tht'  bile  by  a  similar 
process  to  that  already  described,  and,  after  precipita- 
tion by  ether,  crystHUi^es  in  slender  needles,  much 
like  those  of  the  glycoeholate.  It  may  l>e  distin- 
guished, however,  and  separated  Crora  the  last-named 
substance,  when  in  e(nnpany  with  it,  by  its  reaction 
towanl  the  salts  of  lend.  It  is  not  precipitated  from 
its  watery  sululion  by  the  neutral,  but  only  by  the 
trjjjaaic  acetate.  If  a  watery  solution,  therefore,  con- 
taining both  salts  be  precipitated  by  neutral  lead  ace- 
tate, the  filtered  fluid  will  contain  the  sodium  tauro- 
cholate  alone.  In  alcoholic  solution  it  rotates  the 
plane  of  polarization  toward  the  rijjht  24°. 5. 

The  two  biliary  salts  are  associated  in  the  bile  in 
varying  proportions.  Generally  the  glycocholate  may 
be  said  to  preiionderate  in  the  bile  of  the  ruminant 
animals,  taurocbolate  in  that  of  the  eamivora.  In 
dog's  and  cat's  bile,  the  taurocbolate  exists  alone.  In 
human  bile  it  appears  that  both  substances  may  be 
present,  sometimes  one  of  them  I>eing  the  more  abun- 
dant, Rometimea  the  other ;  according  to  some  writers  the  taurocholate 
existing  sdone  or  in  larger  proportion  {Gorup-Besanez,  Hopt)e-Seyler, 
Robin,  Hardy),  accordin'r  to  others  the  glycocholate  (Bischotf,  Losaen, 
Rankef.  In  the  observations  of  Jacobsen,'  on  a  case  of  biliary  listula 
in  man,  the  glycocholate  was  shown  to  be  a  constant  ingredient,  while 
the  taurocholate  was  either  absent,  or,  if  present,  varied  in  quantity. 
We  have  also  found  human  bile  to  contain  the  glycocholate  without 
the  presence  of  tanrocholate. 

The  biliary  salts  are  formed  in  the  glandular  tissue  of  the  liver  and 
discharged  with  the  bile.  According  to  the  observations  of  Rnnke  on 
a  man  with  biliary  fistula,  the  average  quantity  of  the  organic  acids  of 
the  bile  thus  |»roduced,  by  a  man  weighing  65  kilograiinnea,  would  be  a 
little  over  15  grammes  per  day.  They  are  not  di.schui^ged  with  the  feces, 
but  are  chan^eil  in  the  intestine,  and,  probably,  i-eabsorbed  under  aggtl^pr 
form  by  the  blood. 

Creatine,  C,H,NjO,,  from  xpiof,  flesh. 
This  is  a  neutral  erystalliznble  substance,  which  exists  ver}'  generally 
in  the  muscular  tissue,  both  voluntary  and  involuntary,  of  man  and 
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SODITTK       TaII> 

BOoaotATi,  irom 
aleohoHo  rxtrnot  of 
doK'i  blip,  crystiiUU- 
Ing  Jtt  the  Outtom  of 
a  tMt>tut>e. 


'  Revu9  des  Scifmes  MHiculps,  1874,  vol.  iii.  p.  85. 
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animals;    its   proportion   in   tlie  liiimnn  rmisclea  being,  according   t<> 

Xeubauer,'  ahnjut   tw£*   parts   (Hjr  thouaaiitL     It  haa  also  lx-t;a  found 

in  minute  quantity  in  the  blood, 

the  brain,  and  tlie  kidneys.     It  is  ^^ 

soluble  in  cold,  very  readily  in  hot 

, water,  sliglitly  soluble  in  alcohol, 

isoluble  iu  ether.    From  its  watery 

Bulntiou  it  crystallizes  in  the  form 
*oi  transparent,  colorless,  rhombic 

prisms  of  firm  consisteney.     It  is 

decomi>09cd  by  a   temperature  of 

100°  (3130  F.).     ^y  boiJing  in  acid 

sulationB,    or    by    long-eoiitipiied 

boiling  in  w.iter,  it  is  trnnsfurmtfl 

into  another  closely  rehited   sulv 

«t.<inrc',  namely,  creatinine.  If  boil- 
ed with  baryta  water  it  produces, 

among  other  substances,  urea,  car- 
bonic aciti,  and  ammonia.    Cl^iatine 

ie  regarded  as  a  product  of  metamorpUQais  of  the  albuniiiioiis  matters. 

especially  of  those  existing  in  muscular  t^sue.     It  doea  not  a[>pear  in 

the  urine,  but  undergoes  further  transformation  in  the  interior  of  the 

body,  probably  into  the  following  substance. 


I 


OKBATiirs,  cryatAlUxed  from  hot  water. 
(Lehmjmn.l 


Creatinine,  C,H:N,0, 

Is  known  to  exist,  with  certainty,  only  in  the  nrine.  Although  it  hflH 
been  occasionally  found  by  some  observers  in  the  nuiscles,  according  to 
Ncubauer  it  is  not  a  normal  iugredieut  of  the  tissue,  but  is  produced 
during  the  process  of  extraction, 


nndur  the  conlinuc<l  influence  of 
heat  and  moisture,  from  the  previ- 
ously existing  creatine.  C  rcatinine 
is  soluble  in  water  and  in  alcohol, 
bat  only  slightly  solulde  in  ether. 
It  crystallizes  in  colorless  glitter- 
ing prisms.  In  soluiions  it  has  a^ 
strong  alkaline  reaction,  decom- 
poaes  the  combinations  of  am- 
monia, and  forms  with  various 
acid.s  neutral  salts. 

The  relation  lietween  these  two 
bodies  is  such  that  by  different 
cliemical  processes  they  may  be 
artificially  converted  into  each 
Other,    in  the  interior  of  the  body 


Fig.  24. 


Hi 
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CRKATiviirB,  eryttttlHxed  from  hot  wmtw. 
(liehmann.) 


Ncubaaer  and  Vogel,  Analyze  dea  Hariu,  1872,  p.  20, 
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the  change  which  takes  place  is  tmfloubtevUy  the  conversion  of  creatine 
into  creatinine,  since  the  foimer  is  that  which  exists  uonnully  in  the 
muscles,  while  tlic  latter  is  au  iiigreciieiit  uf  the  uriuc  lu  iMb  change 
tlic  elements  uf  water  are  etimiuated  a^  fallows: 

Oreatine.  Crpntliitue. 

C.H.NjO,—  H,0  =  C..il,NjO. 

Thus  creatine  represents  an  Litenneiliate  stage  of  tlie  products  of  meta- 
niorphosiH,  whicli  lUuilly  ai)|iear  in  the  urine  under  the  form  of  creatinine. 
Aeconliiiff  to  the  ohservulioiis  uf  Neubjujer,  the  «iuantity  of  creiitiniue 
(iisclmrged  by  a  healthy  man,  under  ordinary  diet,  is  about  I  gramme 
IKr  day. 

Urea,  CH,N,0. 

This  is  one  of  the  most  important  and"  well  known  substances  of  its 
class,  as  it  is  the  prijicipal  solid  ini;rodient  of  the  urine,  and  the  main 
product  of  tlie  decumpositiuu  of  Jiitrugeiioiis  matters  in  the  body.  It  is 
must  abundinitly  fuimd  in  the  urim',  where  it  is  present  on  the  average, 
in  man,  in  the  proportion  of  20  pnrts  per  tliunsancl ;  while  in  the  blood 
it  is  only  in  tlic  pruijortiun  of  0.1  fi  part  per  thousiiud.  As  it  makes  its 
appearance  in  the  blood,  it  is  constantly  drained  awaj-  by  the  kidneys, 
and  thus  accnmuhites  in  larger  proportion  in  the  uritte.  This  is  further 
shown  by  the  comparative  analyses  of  Picarfi,  who  found,  in  the  dog, 
tlie  pro])ortion  of  urea  in  the  blood  of  the  renal  arteries  to  be  0.36  per 
thousand,  in  the  renal  veins  0.18  per  thousand.  Urea  has  also  been 
found  in  nijrnite  rjunntity  in  the  lymph,  the  aqiieoiis  and  vitreous  hunjors 
of  the  eye,  the  crvstidline  lens,  and  the  pexsinration. 

LTrea^s  a  colorless,  neutral  substance,  abundantly  sqluble  m  water 
and  in  boding  ajcoliol,  less  so  in  cold  alcohrd,  nearly  insululdc  in  ether. 
It  crj'stallizes  in  four-sided  jKrisms,  often  with  blunt  pyramidal  ends, 
which  are  decompose*!  cm  being  heated  above  120°  {2iH^F.).  Its  pure 
watery  solution  may  be  kept  ivif  hoiit  chanu;e  at  ordinary  temijcratures  ; 
but  by  long  continued  ijoilitiff,  or  \>y  a  short  boilin-^  in  the  presence  of 
alkalies,  it  is  decomposed  with  the  production  of  ammonium  carbonate. 
If  heated  with  water  in  nn  hermetically  seale<l  tube  to  ISO"  (356'^  F.), 
it  unde'riTOCi  the  same  alteration.  This  change  takes  place  with  the 
us.i4tiMiption  of  the  elements  of  water,  as  follows: 

UrcA.  Ammonium  enrbonntc. 

CH.N.O  +  H.O,  =  (NHJ.CO,. 

Frea  ha.H  1»cen  produced  artificially  from  albuminous  matter,  by 
placing  the  Latter  in  contact  with  |>otns8ium  perinangauate  in  watery 
solution,  and  subjectincf  it  to  a  heat  of  60°  to  80°  (U(P  to  1760  F.), 
This  reaction,  first  established  by  B^charaii,'  hna  K-en  cotiflrmed  by 
Ritter,*  in  whose  experiments  30  grammes  of  albimien  furidshed  0.09 
gramme    of  urea,   and   the  same   quantity   of  fibrtne,   0.07   gramme; 

'  Comptes  Rendas  de  V  Academic  des  Sciences,  Paris,  1870,  tome  Ixx.  p.  866. 
•  ComptPB  RcndoB,  1871.  Ixxiii.  p.  1219. 
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USBA,  prcpnred  Trom  urine,  nnil  cryttnlllKed 
by  ilow  evaporation.    (Lehrnann.) 


while  from  30  grftmmes  of  gluten,  in  an  average  of  three  experiments, 
there  was  obtained  0.27  gramme  uf  urea.  Aet'ortling  to  B(?eiiainp, 
this   18   not   a   process   of  simple 

oxiihtion,  but    an   oxidation  with  ^'If-  25- 

(k-compusitiuu,  ill  which  vnrimis 
other  subsliuicesare  prixluoecl  frura 
the  albiiminona  matter  at  the  same 
time  witl»  urea.  The  quantity  of 
urea  excreted  by  a  healthy  muu  is 
aliout  35  grajjUUfiS  P^r  day.  This 
amount  varies,  of  course,  witli  the 
size  of  the  bo<ly,  the  average  daily 
proportion  of  urea  to  the  weight 
of  the  whole  bwly  bc-ing  0.5  per 
tliousaiid  parts.  Lehmann,  in  cx- 
jK'riraent*  on  his  ow^n  person,  found 
the  average  daily  quantity  to  be 
32.6  grammes.  Bischoff,  by  simi- 
lar exi>erimcuts,  found  it  to  be  35 
grammes.    Prof.  William  A,  llam- 

mond,  whose  weight  was  90  kilogrammeg,  found  it  to  bo  43  grammes. 
Prof.  Joim  C.  Drajier,  whoso  weight  was  GU  kilograiumea,  found  it 
2G.5  grammes. 

It  has  been  shown  by  Prof.  John  C,  Drniwr,'  and  confirmed  by  other 
observers,  that  there  is  a  dtuntat  variation  in  the  normal  quantity  of 
area.  A  smaller  quantity  is  produced  during  the  niglit  than  ihiring 
the  day  ;  and  this  ditference  exists  even  in  (latieuts  who  are  eoufiued  to 
the  bed  during  the  whole  twenty-four  hourH,  as  in  the  case  of  a  man 
under  treatment  for  fracture  of  the  leg.  This  is  proliably  owinii  to  the 
greater  activity,  dining  the  waking  hours,  of  both  the  incnlal  and  di- 
gestive functions.  More  urea  is  produced  in  the  latter  hajf  than  in  tne 
earlier  h;df  of  the  day ;  and  the  greatest  quantity  is  discharged  during 
the  four  hours  from  6^  to  10^  P.  M. 

The  quantity  of  excreted  urea  represonls  almost  completely  the 
anujjiiit  of  decomposition  in  the  nitrogeiious  organic  injE^fcdients  of  the 
body  ;  eince  it  is  the  only  nitrogenous  substance  discharged  in  consider- 
able quantity  by  the  excretions,  A  comj)arisitn  of  the  entire  amount 
of  nitrogen  contained  in  the  daily  food  with  that  discharged  from  the 
btxly  in  various  forms  shrjws  that  fully  85  {kt  cent,  of  that  introduced 
rcapjiears  as  an  ingredient  of  the  urea  ;  the  remaining  15  per  cent,  being 
contained  in  the  uric  and  lijjipiiric  acids  and  creatinine  of  the  urine,  ami 
in  the  nitroggaoiiH  maj^ters  i.f  the  feces. 

All  observers  arc  agreed  that  the  quantity  of  urea  excrete<l  varies  in 
proportion  to  the  amount  of  nitrogenous  matters  containeil  in  the  food. 

*  New  York  Journal  of  Medicine,  March,  1856. 
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Lehmann   fouml,'    in   fcx|xtriments  on  his  own  person,  that  the  dai^ 
^tiiKJunt  of  urea  Wiis  incrensnl  b^'  &  diet  of  niiimal  food,  dimiui&beci  by 
one  of  vegetable  fofM],  ami  re<luct'd  to  its  minimum  by  a  diet  consisting 
exclusively  of  non-nitrogcnoii9  mattera,  suuh  as  starch,  sugar,  and  fat. 
TUe  comparative  results  wtro  as  follows : 

Kind  of  diet.  Dnlly  qaitntltjr  of  urea. 

Mi.xed      , 32.5  graiamea. 

Animal 53.3 

Vo|?etable 22.5         " 

NoD-iiilrogcnouB 15.4        " 

It  also  appears,  from  the  obsorvationa  of  Mahomed^  that  the  influence 
of  a  chaiigii  uf  diet  in  this  respect  is  manifested  very  rapidly ;  twenty- 
four  hours  of  a  non-nitrogenous  diet  being  siilHcient  to  reduce  the  excre- 
tion of  urea  50  per  cent.,  while  it  is  again  restored  to  its  ordinary 
sLindard  within  three  or  four  hours  after  tlie  use  of  nniinal  food. 

Urea,  liowever,  does  not  depeu<l  excluHively  upon  tlie  direct  trans- 
fonnatiou  of  the  nitrr>genous  maltt^rs  of  tlie  daily  footi,  but  is  also,  in 
j>art  at  lea.st,  di-rived  fn>in  tho  m etamorp hosi s  of  the  more  permanent 
(.'ongiiJUients  of  the  boily ;  since  it  continues  to  be  discharged,  though  ■ 
ill  dimiiiishetl  quantity,  when  no  fr>od  is  taken.  Lehmnnn  found  as 
iimch  urea  in  the  urine  afU-r  twenty-four  hoiir«  nf  ab^»tinellcc  from  all 
food,  US  After  a  diet  of  nrvn-nitrogenoiis  matters.  In  the  dog,  when 
atihjected  to  entire  abHtineiice,  the  urea  is  reduced  in  three  or  four  days  _ 
to  ndiirly  one-third  its  former  quantity,  but  is  still  present  in  about  the  I 
same  piopoition  at  the  end  of  seven  days.  In  the  expi^riments  of  Dr. 
I'arkes  on  a  intm  siibjeeted  to  a  purely  non-nitrogenous  diet,  the  daily 
excretion  of  urea  fell  on  the  second  day  to  12  gmmmes,  but  afterward 
remained  nearly  uniform,  at  rather  more  than  half  that  quantity,  an<l  on 
tlie  fifth  day  still  amounted  to  1  grammes.  Frea  has  also  been  found 
by  Lassaigiie  in  the  urine  of  man  after  continued  abstinence  from  food 
for  ff>urteen  days. 

Thequantity  of  urea  has  been  found  by  Lchraann,' Prof.  A.  Flint,  Jr.,* 
Parkea,*  and  Vogel*  to  be  increased  during  or  after  unnsunl  muscul.Tr 
exertion.  Other  observers  (Fiek  and  Wislicenus,  Voit,  Ilanke)  have 
fouml  no  pcreeptilile  variation  owing  to  this  cause.  The  same  discrep- 
ancy exi'its  between  different  writers  in  regard  to  creatinine.  It  is 
possible  that  the  details  of  the  process  by  which  the  albuminous  matters 
during  decom]K»Hition  give  rise  to  the  formation  of  urea  are,  not  yet 
fully  known  to  us.  But  it  is  a  matter  of  common  exjjcrience,  both  for 
man   and   animids,  that   continued   and    laborious    muscular  activity   ■ 

'  Physiological  Chemistry.     SydeiAam  edition.     London.  18.'53,  Tol.  ii.  p.  i.'iO. 

•  P»vy  on  Ftxxl  and  Dietetics.     Philadelphia  edition,  1874.  pp.  79-81. 
»  Physiologricol  ChemiHtry.     tsydenham  odilion,  vol.  ii.  p.  452. 

•  New  York  Mcdiiyil  Jonrnal.  June,  1871. 
»  Proceedtngrs  of  the  Royal  Society.  March  2d,  1871.  p.  357. 

•  Ncabauer  and  Vogel,  Analyse  des  Harns,  1672,  p.  338. 
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|uires  a  corresponding  supply  of   nitrogenous  food ;   and   tbo  final 
re«ult  of  the  intenial  tnetiimorpliosis  of  audi  substances  is  uiavuly  repre- 
i_seated  bj  the  excretion  of  urea. 

Sodium  Urate,  C,n,N^O,Na. 
its  name  indicates,  tbis  is  a  saline  botly,  consisting  of  a  nitro- 
genous organic  acid,  namely,  uric  acid  {CjHjN^O  J,  in  union  with  so- 
dium. A  portion  of  it  is  also  in  comliination  with  potassium,  Imt  the 
sodium  salt  is  in  much  the  greater  quantity  of  the  two.  The  urates 
are  found  normally  only  in  the  urine,  where  they  exist  in  the  proportion 
of  about  1.45  p^ts  per  thousand.  The  entire  quantity  of  uric  acid 
excreted  by  a  healthy,  full-grown  man,  is  about  i).1  gramme  pe,r  ^ay. 
It  is,  therefore,  very  unieh  less  abundant  tlutu  urea;  and,  according 
to  the  researches  of  J.  Ranke,  the  proportion  between  them  is  very  coiv- 
int,  the  relative  daily  quautity  of  the  two  substances  in  the  same 
'Individual  being  nearly  always — 

Uric  acid 1  part. 

Urea 45  parts. 

Uric  acid  is  a  colorless,  crystal! izablc  substance,  only  very  slightly 
>luble  in  either  cold  or  hot  water,  quite  insoluble  in  aleotiol  and  in 
ther.     It  is  much  less  easily  decoraposnd  Ihnn  urea,  remaining  for  a 
[long  time  unehntiged   under  all  ordinary  conditions.     If  treated  with 
>nccntrated  sulphuric  acid  it  is  «lccomposed,  with  the  production  of 
imonia  and  carbonic  acid.     If  boiled  with  dilute  nitric  acid,  it  dis-  A 
>lves  with   a   yellow  color   and    ubundant  liberation  of  gas-bubbles;   j 
id,  on  evaporation,  the  solution  leavi-s  ti  brilliant   red   stiiin,  which  is  / 
hanged  to  piirpli.'  by  ibu  addition  of  a  drop  of  ammonia  water.     This // 
known  as  the  *^*  mureside  test"  for  uric  acid  or  th*-  urates.  '^ 

r'ric  acid,  like  urea,  is  formed  within  the  body  b^'  the  metamorphosis 
)f  nitrogenous  organic  Bubstanees.  It  is  most  abundant  under  the  usOi 
>f  aniumi  food,  au<l  diminished  by  a  vegetable  diet,  and  is  reduced  to  a 
unimun),  though  it  does  not  entirely  disnppear,  during  complete  absti- 
"nence.  It  is  this  substance  which  indirectly,  in  great  measure,  causes j 
tliG  acid  reaction  of  tiie  urine.  It  is  nowhere  present  nonunlly  in  a  fr 
Jbrra,  being  by  itself  exeeedingly  insolnble;  but  sinuiltamjounly  with 
Us  production  it  unites  with  part  of  the  alkaline  bases  of  the  ]ihosphates, 
thus  becoming  mainly  sodium  urate,  which  is  sojuTile  and  neiijral  in 
reaction,  and  giving  rise  to  sodium  biphosphate,  which  commuuicates 
io  the  urine  its  acid  reaction. 


Boditua  Hippurate,  C„H„NO,Na. 
This  is  also  a  saline  body,  formed   by  the  union  of  sodium  with  a 
nitrogenous  organic  acid,  namely,  hippuric  acid,  Cgll^NO^,  so  called 
because  it  was  first  discovoretl  in  the  urine  of  the  horse.     It  is  com- 
paratively abundant  in  the  urine  of  most  herbivorous  animals,  especially 
Ltbe   horse,  ox,  sheep,  goat,  elephant,  camel,  and  rabbit;   while  it   ia 
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absent,  or  nearly  so,  in  that  of  the  carnivorous  animals.  In  haman 
urine,  under  an  ordinary  mixed  diet,  it  is  constantly  present,  amount- 
ing to  about  0.35  gramme  per  day,  or  about  one-half  the  quantity  of 
uric  acid.  It  increases,  however,  perceptibly  under  a  vegetable  diet, 
and  diminishes  or  disappears  altogether  under  the  exclusive  use  of  ani- 
mal food.  It  thus  alternates  in  quantity,  under  these  circumstances, 
with  uric  acid.  In  the  urine  of  the  horae,  which  normally  contains 
hippuric  acid,  after  continued  abstinence  from  food,  this  substance 
ceases  to  appear,  and  uric  acid  takes  its  place.  Herbivorous  animals, 
when  deprived  of  foo<1,  are  placed  in  the  condition  of  camivora,  since 
the  ingredients  of  the  uriue  must  then  be  derived  from  the  metamor- 
phosis of  their  own  substance.  In  the  calf,  while  living  upon  the  milk 
of  its  dam,  tlie  urine  contains  uric  acid ;  after  the  animal  is  weaned  and 
begins  to  live  upon  vegetable  food,  the  uric  acid  disappears,  and  the 
urine  contains  salts  of  hippuric  acid. 


CHAPTER    YII. 


FOOD. 


Ui^DBR  the  term  '^  food"  are  included  all  substances,  both  solid  and 
\ liquid,  necessary  to  sustain  tlie  process  of  nutrition.     The  (Jrst  uit  of 

Etliis  process  ia  tUe  appro|)riatir>n  from  witliout  of  tlic  uiiitL-riids  w  hicli 
■enter  ijito  the  compositiuu  of  tlio  living  frumc,  or  of  others  which  may 
be  converted  into  Ihera  iu  the  iiiterior  of  the  body.  Like  the  tissues 
and  tbe  fluids,  therefore,  the  food  contains  viirious  ingrc<Hetjt»,  both 
organic  and  inorganic ;  and  the  first  important  fact  to  be  noteil  with 
legnrd  to  them  is  that  »o  single  clasft  of  nubttlancex^  by  itnelt\  xa  suffi- 
cient to  xuslain  Ufe^  but  that  several  must  be  supplied,  in  due  propor- 
tiou,  in  order  to  maintain  the  body  in  a  healthy  condition. 

Inorganic  Ingredienta  of  the  Food. 
^^L  It  ia  •well  known  that  inorganic  subHtances,  although  they  afford  the 
l^f  necessary  mnterials  fur  vegetation,  are  nut  snllieicnt  for  tht>  nourish- 
f  ment  of  animaln,  whieh  depend  for  their  support  upon  elements  already 
p  combined  in  the  organic  form.  Nevertheless,  it  is  equally  true  tliat  the 
I  inorganic  matters  are  also  essential  to  ttnini:il  life,  and  reciuiro  to  be  snp- 
^K  plieil  in  sufllcicnt  quantity  to  keep  up  tlie  natural  proportion  in  which 
^Vthe^V  exist  in  tlie  various  solids  and  fluids.  As  we  have  found  it  to 
[  be  (a^general  characteristic  of  these  substances,  that  they  are  exempt 
from  alteration  in  tbe  inU^rior  of  the  body,  Imt  are  absorbed,  deposited, 
and  expelled  unclianged,!  each  one,  as  a  rule,  requires  to  \v&  present 
I  under  its  own  form,  and'  in  suiHcient  qunniity  in  the  food.  This  is 
'  espeeially  true  of  water  ami  sodium  chloride,  both  of  which  enter  and 
leave  the  system  in  abundant  daily  quantity;  and  of  the  cdcareous 
^^inlU,  which  during  the  growth  and  ossifioatioii  of  tl»e  skeleton  are 
^^Fdeposibed  in  large  proportion  in  the  osseous  tissue.  TliC  alkaline  car> 
boDftles,  phosphates,  and  sul[ihates  are  partly  formed  witldn  the  Bj'stem 
during  the  metamorphosis  or  decomposition  of  organic  substanees  ;  but 
I  the  elements  of  wliieh  tiie^'  are  composed  must  of  c<Hirse  enter  tite 
^HiVxiy  in  some  form,  in  onler  to  enable  these  changes  to  be  accomplished. 
^™  Since  water  enters  into  the  coin|josition  of  every  part  of  tlie  body, 
it  is  importflnt  as  an  ingredient  of  the  food.  In  man,  it  is  probably  the 
mo*t  important  substanee  to  be  siipplioil  with  constancy  and  regularity, 
and  the  system  suffers  more  rajndly  when  entirely  deprived  of  fluids, 
than  when  tlic  supply  of  solid  food  only  is  withdrawn.  A  man  may 
pass  eight  or  ten  hours  withont  »oHd  food,  and  suffer  little  or  no 
mcouveuience ;  but  if  deprived  of  water  for  the  same  lenirth  of  time, 
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he  becoraos  exhausted,  nnd  feels  the  cleflcicncy  in  a  inarkefi  degree. 
MagenUio  found,  iii  his  cs[)criincnt8  on  dogs  subjected  to  inanition,'  that 
if  the  animala  were  supplied  with  water  alone  tliey  lived  six,  eight,  and 
even  ten  daya  longer  tlian  if  deprived  at  the  same  time  of  both 
solid  and  liqtii<l  food.  Sodium  chloride,  also,  is  usually  added  to  the 
food  in  considerable  quantity,  aiKl  requires  to  be  supplied  as  a  condi- 
ment with  tolerable  regularity  ;  while  tbc  remaining  iuorfranic  mnterials, 
auoh  as  the  calcareous  siilts,  and  tlie  alkaline  phosphates  and  sulphates, 
occur  naturally  in  tJuUleieut  quantity  iu  most  of  the  articles  used  as 
food. 

The  entire  quantity  of  mineral  siibstanceg  discharged  daily  by  a 
healthy  adult,  by  both  the  urLue  and  ]>er3piration,  averages  as  follows  : 

QCANTITT  or  MiSKRAL  MaTTKBS  PISCHAEOED  PER  PAT. 

Sodiom  and  potassium  chlorkks      .....  15.0  g^rammes. 

Calcarcuus  and  ma^oesiaa  phosphates    ....  1.0        " 

Sodium  and  potassinm  phospiiatc-s  .  .        .  4.5        " 

Sodium  and  potassium  sulpliatea 4.U        " 

24.5        " 

According  to  the  average  dietaries  for  ndnlts  in  full  health  collected 
by  Pr.  Play  fair*  about  ^grammes  of  mincnd  matter  are  daily  intro- 
duced with  the  food.  The  remainder  is  to  be  accounted  for  by  the 
phosphates  and  sulphates  formed  within  the  system  as  above  described. 

Non-Nitrogenous  Organic  Ingfredienta  of  the  Food. 

These  substances,  so  far  as  they  enter  into  the  composition  of  the 
food,  are  divided  into  the  two  natural  groups  already  mentioned — 
namely,  the  carbohijdrales^  including  starch  and  sugar,  and  the  /a^«, 
including  all  the  varieties  of  oleaginous  matter.  Since  starch  is  always 
converted  into  glucose  in  the  digestive  process,  these  two  substances 
have  the  same  value  and  significance  as  nutritive  materials.  As  the 
Ciirl)ohyd rates  are  to  be  found  as  a  general  rule  only  in  vegetable  pro- 
ducts, tliey  do  not  constitute  a  part  of  the  food  of  carnivorous  animals. 
It  is  true  that  glucose  exists  in  the  milk  even  of  the  carnivora  during 
lactation,  and  is  consequently  supfdicd  as  a  nntritive  material  to  the 
young  animal  during  the  early  portion  r>f  its  growtli.  But  thi.'?  supply 
ceases  as  soon  as  tlie  period  of  hictation  is  finislied;  and  the  fact  of  the 
secretion  of  sugar  by  the  mammary  gland,  as  well  as  that  of  its  produc- 
tion in  the  liver,  shows  that  in  the  carnivorous  animal  the  carbolij'd rates 
requisite  for  the  process  of  nutrition  may  originate  within  the  body  from 
other  organic  substances.  This  does  not  npiily,  however,  to  the  vege- 
table feeders  or  to  man.  The  carnivora  have  no  desire  for  vegetable 
food,  while  the  herbivora  live  upon  it  exclusively,,  and  in  man  there  is 
a  natural  cra\'ing  for  it,  which  is  almost  universal.     It  may  be  dis- 

'  Comptes  Tiondufl  do  rAcad^mio  dps  Srionces.     Paris,  tome  xiii.  p.  256. 
*  Loadon  Chemical  News,  May  12,  1865. 
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peoscd  with  for  a  few  days,  but  not  indeflnitely.  The  experiment  has 
often  been  tried,  in  the  treatment  of  diiibeleti,  of  couiiuiug  the  ptilieut 
to  a  strictly  animal  diet.  It  has  been  invariably  fuutid  that,  it"  this  regi- 
men be  continued  for  some  weeks,  the  desire  for  vegetable  food  beeomes 
80  imp^irative  that  the  plan  of  treatment  ia  uitavoidably  ahandonoil. 

A  similar  quesstiuu  has  arisen  with  reganl  to  the  uleaijin<iU3  matters. 
Are  these  sub^itaiices  inilispeusable  as  ingredients  of  the  loud,  or  may 
they  be  replaced  by  other  proxiiiutte  prineiples,  sueh  as  starch  or  sugar? 
It  has  alreoily  been  seen,  from  tlio  experiments  of  Bou»siugault  and 
others,  that  a  certain  amount  of  fat  is  produced  in  the  bo<ly  over  and 
above  that  which  is  taken  witli  the  food ;  and  it  appears  also  that  a 
regimen  abounding  in  saccharine  siibstancea  is  favorable  to  the  prqduc- 
tiiin  of  fat.  It  is  jiltogether  probable,  therefore,  that  the  materials  for 
the  production  of  fat  may  1x3  derived,  under  these  circumstances,  either 
directly  or  indirectly  from  saccharine  matters.  But  succhariiic  matters 
alone  are  not  sudlcient.  Dumas  and  Mitne-Edwards'  fouml  that  bees, 
fed  on  pure  sugar,  soon  cease  to  work,  and  sometimes  perish  in  con- 
siderable numbers;  but  if  fed  with  honey,  which  contains  some  waxy 
and  other  matters  Iwside  the  sugar,  they  thrive  upon  it;  and  prwluce, 
in  a  given  time,  a  much  larger  quantity  of  fat  than,  was  contained  in 
the  whole  supply  of  food. 

The  same  thing  was  established  by  Boussingault  with  regard  to 
starchy  mattt^rs.  Ho  found  tluit  in  fattening  pigs,  though  tlic  tpiantity 
of  fat  accumulated  by  the  animal  considerably  exceeded  that  contained 
in  the  food,  yet  fat  must  enter  to  some  extent  into  the  composition  of 
the  fuod  in  oriler  to  maintain  the  animal  in  good  condition;  for  pigs^ 
fed  on  boiled  potatoes  ulune  (an  article  abouuding  in  starch  but  nearly 
destitute  of  oily  matter),  fattened  slowly  and  with  ditliculty;  while 
those  fed  on  potatoes  mixed  with  a  greasy  fluid  fattened  readily,  and 
accumulated  much  more  fat  than  was  contained  in  the  food. 

The  apparent  discrepancy  between  these  factJS  may  be  easily  explained, 
when  we  recollect  that,  in  order  that  an  animal  become  fattened,  it  must 
be  supplied  not  only  with  tho  materials  of  the  fat  itself,  but  also  with 
everything  else  necessary  to  maintain  the  lK>dy  in  a  healthy  condition. 
Oleaginous  matter  is  one  of  tlicse  necessary  substances.  Tlie  fats  taken 
in  with  the  fuod  arc  not  sira|ily  introduced  into  the  body  and  deposited 
unchanged.  On  the  contrary,  they  arc  altyeti  and  used  up  in  the  pro- 
cess of  digestion  and  nutrition;  while  tlic  fats  which  appear  as  coTx- 
Btltueuts  of  the  tissues  are,  in  great  J)art,  of  new  formation,  and  are 
pro<luced  from  materials  derived,  pcrhai)s,  from  a  variety  of  sources. 

It  is  certain,  then,  that  either  one  or  the  other  of  these  two  groups  of 
sabstanccs,  saccharine  or  oleaginous,  must  enter  into  the  composition 
of  the  food;  and  furthermore,  that,  though  oily  matter  may  sometimes 
be  produced  in  the  hody  from  the  sugars,  it  is  also  uoceasitry  for  perfect 
iiuirilion  that  fat  he  supplied,  under  its  own  form,  with  the  food.     For 

'  Annalcs  dc  Chimie  et  do  Physique,  3d  Bcriea,  tome  xiv.  p.  400. 


mail  it  is  natural  to  liave  them  both  associated  in  the  alimentary  mar 
tcrials.  TLiy  ocuur  together  in  must  vegetable  substances,  aud  tLiere  in 
a  natural  d«sire  for  tliein  both,  as  elements  of  the  tboil. 

They  aie  not,  however,  when  aloue,  or  even  associated  with  each 
other,  sudicieiit  for  the  nutrition  of  the  animal  body.  Magendie  found 
that  dogSf  i'ed  exclusively  oii  eUirch  or  sugar,  [jerishet^l  after  a  short 
time  with  symptotua  of  profotmd  disturbance  of  ihe  nutritive  functions. 
An  exclusive  <liet  of  butter  or  lat'd  hud  a  similar  elleet.  The  animal 
became  exeeetliugiy  debilitnted,  though  without  nuich  eiimciation;  uud 
after  death,  all  the  iutenial  organs  and  tiHsuus  were  found  iuUllratetl 
with  oil.  Bonssiugault'  performed  a  simihir  experiment,  with  a  like 
result,  upon  atbick,  which  was  kept  upon  an  exclusive  regimen  of  bniter. 
'* The  duck  received  iHI  to  100  gramaie»  of  butter  every  day.  At  the 
end  of  three  weeks  it  died  of  inumtiun.  The  butter  oozed  from  every 
part  of  its  body.  The  featbera  looked  as  though  they  had  been  8tee|}ed 
in  melted  butter,  and  the  body  exhaled  an  unwholesome  odor  like  that 
of  butyric  acid." 

Lelumum  wajj  led  to  the  same  result  by  expedineuts  performed  upon 
bimseU"  for  the  purpose  of  ascertaining  the  elleet  produced  on  the  uriue 
by  diirercnt  kinds  oJ'  food."  This  observer  conflncd  himself  first  to  a 
purely  animal  diet  for  three  weeks,  afterward  to  a  purely  vegetable  one 
for  Bixteen  days,  without  any  marked  iueonveuience.  He  then  put  him- 
self upon  a  rogiuieu  consisting  entirely  of  non-nitrogenous  substances, 
Btarch,  sugar,  gum,  luid  oil,  but  was  only  able  to  continue  this  diet  for 
two,  or  at  most  for  three  days,  owing  to  the  disturbance  of  the  generid 
health  which  superveuetl.  The  unpleasant  symptoms,  however,  imme- 
diately disappeared  on  his  return  to  an  onlinary  mixeil  diet.  In  some 
instances  a  restricted  diet  of  this  kind  can  be  bonie  for  a  longer  tictte. 
l>r.  Parkes'  kept  two  soldiers  upon  uoti-nltrogeuous  food  alone  for  five 
consecutive  days  without  their  exhibiting  serious  signs  of  physical  ex- 
haustion- Frof.  \Vm.  A.  Hammond,*  in  exiK'rirat-nts  i>erformed  upon 
himself,  was  enabled  to  live  for  ten  days  on  a  diet  of  boiled  starch  aud 
water.  After  the  third  day^  however,  the  general  health  lx.>gau  to 
deteriorate,  and  became  much  disturbed  before  the  termination  of  the 
experiment.  The  prominent  symptoms  were  debility,  headache,  pyrosib, 
ami  palpitation.  After  the  starchy  diet  was  abaudotieil,  it  require«l 
some  days  to  restore  the  Letdtb  to  its  usual  condition. 

Hitrof  enous  Ingredients  of  the  Food. 
The  nitrogenous  or  albuminous  nutritive  principles  enter  so  largely 
into  the  constilutiotj  of  tJio  animal  tissues  and  fluitls,  that  their  im])orl- 
auce,  aa  elemenla  of  the  food,  is  easily  untie rstood.     No  food  can  be 

'  Chimie  AiB^icole.     Paria.  1854,  p,  166. 

•  Journal  fUr  prukti&clic  Cliemie,  Baud  x.xvii.  p.  2:'*". 

•  Proceedinga  cf  Ihe  Royal  Society  of  Loinlon,  March  2d.  1871. 

•  Experimental  Researches,  being  the  Prise  Essay  of  the  American  Medical 
AsBociutioa  for  1857. 


long  nutritions,  unless  a  certain  proportion  of  these  substances  be 
prei«ent  in  it.  Since  they  are  bo  abundant  as  ingredients  of  the  body, 
their  absence  from  the  food  is  felt  more  speedily  than  that  of  any  other 
subgtance  except  water.  They  huve,  therefore,  sometimes  received  the 
name  of  "nutritio^js  «itbst:uiws,'' in  coutrudistinetion  to  those  of  tiie 
fiecond  class,  which  contain  no  nitrogen,  and  which  are  found  to  be 
iiisufUcieut  for  the  support  of  life.  The  albuminous  9ul)st3nces,  however, 
when  Liken  alone,  are  no  more  capable  of  siipportiiijj:  lite  imiefinitely 
than  the  others.  It  was  found  in  tlie  expi-rinietits  of  t!ie  Fretich 
"Gelatine  Commission"'  that  animals  fed  on  pure  fibrine  an<l  nlbunten, 
«8  well  as  those  fed  on  gelatine,  Vx'come,  after  a  short  time,  much 
'  enfeebled,  refuse  the  food  olfen'd  to  tlieiii,  or  take  it  with  reluctance, 
and  dnall}'  die  of  innnition.  This  result  haw  iR-en  explained  b^'  su|>- 
posing  that  these  substances,  when  taken  alone,  excite  after  a  time 
such  disgust  that  they  are  either  no  longer  taken,  or  if  taken  are  not 
digested.  But  this  disgust  is  simjtiy  an  indication  that  the  substances 
used  are  insufJlcient  and  finally  useless  as  articles  of  food,  and  that  the 
systt-m  deman»ls  other  materials  for  its  nourishment.  It  is  well  dc- 
scrilMid  by  Magendie,  in  the  report  of  the  commission  above  alluded 
to,  while  detailing  his  invcstigiittons  on  the  nutritive  qualities  of  gela- 
tine. "  The  result,"  he  says,  "  of  these  first  trials  was  tliat  pure  gelatine 
was  not  to  the  taste  of  the  dogs  experimented  on.  Some  of  them  suf- 
fered the  pangs  of  hunger  with  tlie  gelatine  within  their  reach,  and  would 
not  touch  it ;  others  tasted  of  it,  but  would  not  eat ;  others  still  de- 
voured a  certain  quantity  once  or  twice,  and  then  obstinately  refuned  to 
make  any  further  use  of  it." 

In  one  instance,  Magendie  succeedeil  in  induciug  a  dog  to  take  a 
oonsiderable  quantity  of  pure  fibrine  daily  throughout  the  whole  course 
of  the  experiment ;  but  notwithstanding  this,  the  aninud  became  ema- 
<aate<l,  and  <lied  at  last  with  the  symptoms  of  inanition. 

It  is  evident,  therefore,  that  no  single  proximate  principle,  nor  even 
any  one  class  alone,  can  ]»e  suHlcicnt  for  nutrition.  The  albiimiiious 
substances  are  fi^t  in  importance  because  they  constitute  the  larg^i^st 
|>art  of  the  mass  of  the  body;  and  exhaustion  follows  mure  rapidly 
when  they  are  withheld  than  when  the  animal  is  deprive<l  of  other  kinds 
(»f  alimentary  matter.  But  starc-li^*  nn<l  oleaginous  substances  are  also 
n^quisitc;  and  the  body  feels  the  waut  of  them  sooner  or  later,  though 
it  may  be  plentifully  supplied  with  albuminous  food.  Finally,  the  inor- 
ganic saline  matters,  though  in  smaller  quantity,  are  also  necessary  to 
the  continue<l  maintenance  of  life.  In  order  that  the  animal  tissues  aud 
fluiils  remain  liealthy,  and  take  their  projx^r  part  in  the  functions  of 
life,  they  must  be  supplied  with  all  the  ingredients  necessary  to  their 
constitution  ;  and  a  man  may  Ire  starvwl  to  death  at  last  by  depriving 
him  of  sodium  chloride  or  lime  phosphate  as  surely,  though  not  so 
rapidly,  as  if  he  were  deprived  of  albumen  or  oil. 


'  Comptffl  Rondas  de  TAcadlmie  des  Sciences.     Pnris,  1H41,  tom.  ziii.  p.  267. 
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CompoBition  of  Different  Articles  of  Food, 

In  the  most  volimlile  and  nutritious  kinds  of  food,  which  have  ^re&a 
adopted  by  the  uuiver.Hal  und  instinctive  choice  of  man,  the?  first  three 
classes  of  (troxiraato  princijilcs  are  all  more  or  less  nbiindantly  repre- 
sented. In  nil  there  exists  iiutnrally  a  certain  proportion  of  saline 
matter;  and  w.iter  and  soilinm  chloride  are  generally  Uiken  in  addition. 

Mi/h. — In  milk,  the  first  food  eiu[)plied  to  the  infant,  and  largely 
employed  in  various  culinnry  preparations,  all  the  important  groups  of 
nutritive  eubstauccs  are  present.  It  is  a  white,  opaque  fluid,  c<in»isting,\  | 
1st,  of  a  serous  portion,  which  eontains  albuminous  matters^  sugar,  andj  j 
mineral  galUi  in  solution,  and,  2rl,  of  fatty  globules  suspended  in  the 
watery  liciuid.  It  is  this  mixture  of  oleajiinous  particles  with  a  serous 
fluid  which  pives  to  the  milk  its  opacity  and  its  white  color.  Its  rich- 
ness in  fatty  matter  may  therefore  be  estimated  from  tliesc  physical 
qualities.  The  ingredients  in  cow's  milk  are  present  iu  the  following 
jiroportions,  according  to  Pnyen: 

t'oMi'osiTioN  ciF  Cow'a  Mn.K  m  1000  parts. 

\Vati?r 864 

Nitrogenniis  matter  (coscinc  aad  albumen)       ....  43 

Sug:ar  of  milk 52 

Fat 37 

Mineral  salts 4 

lOOO 
Cow's  milk  resemble*  humnn  milk  in  its  general  characters,  but  con- 
tains a  larger  proportion  of  siilitl  iugredieuts,  especially  of  the  nitro- 
genous  and  saccharine  matters,  fat  being  present  in  nearly  the  s^e 
amount  in  each.     Sheep  and  goat's  milk  is  richer  in  both  nitrogenous 
and  fatty  matters  ;  while  tlie  milk  of  the  ass  and  the  mare  contains  li         i 
greater  abundance  of  sugar,  bnt  is  comparatively  poor  in  nitrogenous    ^M 
matter  and  lat.     The  nitrogenous  matter  of  milk  consists  almost  entirely    ^M 
ofcascine,  associated  with  a  very  small  jiroportion  of  albumen.     Owing    ^| 
to  the  relative  quantity  of  these  two  substances,  milk  does  not  sulidify 
on  boiling,  but  merely  covers  itself  witli  a  thin  pellicle  of  coagulated 
albumen,  the  caseine  remaining  liquid.     The  addition  of  an}'  acid,  how- 
ever, such  as  acetic  or  tartaric  acid,  will  precipitate  the  caseine  and 
curdle  the  milk.     If  milk  be  allowed  to  remain  exposed  to  the  air  at  a     ' 
inwlerately  warm  temperature,  it  oui*dIe3  spontaneously,  owing  to  the    ^| 
development  of  lactic  acid,  due  to  a  transformation  of  its  sugar;  and    ^, 
the  same  change  will  sometimes   occur   instantaneously  from  electric 
disturbance,  during  a  thunder  storm.  ^M 

The  caseine  of  milk,  artificially  coagulated  by  the  action  of  rennet,    ^" 
constitutes  chef.»e.     Rennet  is  the  dried  contents  and  raucous  membrane 
of  the  stomach  of  the  calf,  the  animal  being  killetl  and  the  stomach 
taken  out  while  digestion  is  in  full  activity  and  tlie  gastric  fluids  abun- 
dantly secj;«ted.     A  faintly  acidulated  infusion  of  tliis  substance  even  in    ^| 
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laces  vomptete  coagulation  in  fifteen  or  twenty  minutes.  The  coagu- 
lum  ia  drained  from  tlie  watery  serum  or  "  wbey,"  and  alterwarci  pressefl 
into  the  form  of  cheese.  The  variety  in  consistency  and  tlavor  of  ditf  er- 
ent  cheeses  depends  mainly  on  the  proportion  ol'  fatty  matter  retaiiietl  in 
.the  coagulum,  and  upon  certain  slow  changes,  in  the  uaturu  of  fermen- 
tatiooii,  which  go  on  in  it  subsequently. 

The  fatty  matter  of  miik  is  suspended  in  the  serooa  portion  under  the 
form  of  minute  spheroidal  masses.  These  littiu  masses  or  "millv-glub- 
ules"  are  not  quite  fluid  at  ordinary  tempiiraturt-.'^,  but  have  a  semi-suHd 
consisteycy  owing  to  llieir  coiitniuing  a  cunside ruble  proportion  of  pal- 
mitine.  jf  'I'he  fat  globules,  separated  by  churning  from  the  other  ingre- 
dients pf  the  milk,  and  made  to  unite  into  a  coherent  mass,  constitute 
buHei\  I  This  sul)stance,  accordingly,  rc|)re3euts  simply  tlie  oleaginous 
ingredients  of  the  milk ;  and  v,hvn  jjuiified  from  the  watery  portions 
entangled  with  it,  consists  mainly  of  pnlmitine  and  ol^ne,  together 
with  a  small  proportion  of  peculiar  odoriferous  and  flayoiing  ingredi- 
ents, the  principal  of  which  has  received  the  mime  of  "  butyriue."  These 
substances  are  usually  miugleil  in  the  following  proportions : 

I'ulmitiae 68  parts. 

Oleine 30      " 

Butyriue  aud  other  flavoriug  matters      .        .        .        .      2      " 

100 

When  well  prepared  and  in  good  condition,  butter  constitutes  one  of 
the  most  valuable  aud  easily  assimilated  forms  of  oleaginous  food,  jf 
coQLaminated  with  the  remains  of  the  nitrogenous  matter  of  the  milk, 
its  fatty  ingixnlieuts  after  a  lime  Ix'corac  decomposed  with  the  dcvclo{j- 
ment  of  volatile  fatty  aciils  ;  ii]  which  condition  the  butter  is  said  to  be 
"  rancid,'*  and  is  no  longer  fit  for  food. 

Brfad. — The  cereal  grains  resemble  each  other  more  or  less  in  their 
^constitution,  all  of  them  cuntniniug  starcli,  nitrogenous  mutter,  dextrine 
or  sugar,  fat,  and  mineral  salts  in  various  proportions.  Wlieat  is  dis- 
tinguished from  the  remainder  in  containing  a  considerably  larger  quan- 
tity of  nitrogenous  matter  as  compared  with  the  other  ingredients,  aud 
in  the  peculiarly  adhesive  or  fibrinouH  quality  of  this  substance,  which 
has  received  accordingly  the  name  of  ''gluten."  The  dilFcrcnt  grains 
in  common  use  for  food  have  when  dry  the  following  average  compo- 
sition, according  to  Payen. 

CoMTosiTiON  or  TH«  Crreal  Grains. 


[ 

Nttroevnoui 

matter. 

Stfjreh. 

n«xtHne, 
etc. 

7.50 

14.90 

10.00 

9.25 

4.00 

1.00 

F«t. 

OUuloM. 

Mineral 
•aUt. 

Wlieat  .... 

Rre 

Barley  .... 
OaUi      .... 
Indian  coro    .    . 
Rice      .... 

18.00 
12..^0 
12.96 
14.39 
12.30 
7.55 

66.80 
64.65 
66.43 
60.59 
6755 
B8.65 

2.10 
225 

2.76 
S..50 

e.8o 

0.60 

3.10 
3.10 
4.75 
7.06 
5.90 
1.10 

2.50 
2.60 
3.10 
3.25 
1.25 
0.90 
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Thna,  of  the  different  grnjna,  that  of  oats  contains,  next  to  wheat,  tl 
largest  proportion  of  nitrogpnoua  matters;  luit  it  also  contains  a  con* 
si(k'i!ii>Ie  abitndatice  of  cellulose,  or  iiidigeatiljle  vogetable  tissue,  which 
interfiTcs  with  it8  nutritive  quality  as  human  food.  Indian  cpriJ  is 
est'^'ciidiy  rich  in  fatty  ingredients,  while  rit-e  consists  mainly  of  stjm'h, 
and  is  tlie  poorest  of  all  in  both  nitrogenous  and  fatty  ingredients. 

Wheat  is  more  va!ual)Ie  than  the  othor  cereal  grains  for  the  jiurpose 
of  malting  bread,  not  only  on  account  of  its  larger  proportion  of  albu- 
minous matter,  bnt  also  on  iiccount  of  the  peculiar  glutinous  quality  of 
this  ingredient,  already  mentioned. 

In  preparing  the  wheat,  the  grains  are  first  cleansed  from  husks  and 
adherent  foreign  materiid,  ground  into  meal,  and  Ihe  finer  and  whiter 
portions  derived  from  the  interior  of  the  grain  separated  by  silling 
and  bolting  from  the  coarser  external  parts,  or  bran.  Thus  purified,  the 
flour  consists  ofslnreh,  gluten,  diastase,  dextrine,  a  little  fat,  somettmes 
a  trace  of  sugar,  mineral  saltn,  and  about  15  per  cent,  of  water,  which  is 
never  fully  expelled  by  ortlinary  drying.  For  making  into  bread,  the 
flour  is  mixed  with  about  oiie-hsdf  its  weight  of  water,  and  kneadeti  into 
a  tlexiMe  dough  of  uinform  consistency.  The  next  process  is  the  fer- 
mentation of  the  dongh.  For  this  purpose  a  little  jeast  is  incorporated 
with  it,  and  the  mixture  allowed  to  remain  for  a  few  hours  at  a  tem- 
perature of  about  25*  (TT^F.).  During  this  time  the  sugar  originally 
present  in  the  flour,  and  that  jiroduced  from  the  starch  and  dextrine  by 
the  action  of  tlie  diastase,  pnssea  into  fermentation  under  the  influence 
of  the  yeast,  and  is  transfoi-med  into  alcohol  and  carbonic  acid.  The 
alcohol  is  dissiiiated  by  eva|>oration ;  but  the  carbonic  acid,  which  is 
generated  in  email  gas-bubbles,  is  entangled  by  the  tenacious  gluten  of 
the  flour,  and  the  dough  is  thus  puriVxl  up  into  a  spongy,  reticulated 
muKs.  When  the  fermentation  of  the  dough  is  completed,  it  is  placed  in 
ovens,  and  baked  at  a  temperature  of  210°  {about  40(PF.).  The  eflect 
of  this  heat  is  to  cook  the  glutinous  part  of  the  dongh,  communicating 
to  it  an  agreeable  flavor,  and  at  the  sjime  time  solidifying  it;  so  that 
the  substance  of  the  baked  loaf,  when  cut  open,  retains  its  spongy  and 
reticulated  texture.  It  is  thus  made  easy  of  mastication,  and  readily 
permeable  by  the  saliva  and  other  digestive  fluids.  The  spongy  texture 
acquired  by  bread  is  the  miiin  object  of  its  fermentation,  although  an 
agreeable  flavor  ia  also  developed  by  the  process,  which  does  not  exist 
in  unfermented  bread.  The  interior  of  the  loaf,  in  baking,  does  not  rise 
above  100°  (213'3F. );  the  exterior,  which  ia  subjected  to  a  higher  tem- 
jKTatiire,  becomeB  covered  with  a  crust  formed  of  partially  torrefied 
starch  or  dextrine,  and  ciiramclizcd  sugar.  The  interior  of  the  loaf  also 
usually  retains  a  little  glucose,  which  is  not  all  destroyed  in  the  process 
of  fermentation.  A  considerable  portion  of  the  water  which  was  mixed 
with  the  flour  remains  permanently  united  with  its  organic  ingredients; 
80  that  loo  parts  of  flour  will  usually  yield,  after  baking,  130  parts,  by 
weight,  of  bread. 
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Wheaten  bread,  prepared  in  this  way,  has  the  following  average  com- 
position : 

CoMPOBiTiON  OP  Wheaten  Bread. 

Starchy  matters  (starib,  dextrine,  glucose)     .                 ...  56.7 

Albuminous  matter  (gluten,  eU-.) 7.0 

Fntty  mutter 1.3 

Mim'ral  mutter  (calcareous,  magni'siaD,  and  alkaline  salts)     .        .  1.0 

Water U.0 

1(10.0 

Thus,  while  bread  contains  an  abundance  of  albuminous  and  starchy 
matter,  it  is  deficient  in  fat ;  and  instinct  acconling;}'  leada  ns  to  take 
with  it  btitter,  fat  bacon,  or  some  other  form  of  oleaginous  food. 

The  good  quality  of  bread,  aside  from  that  of  tbu  fiour  of  which  it  is 
made,  di'pendfl  mninly  on  the  fiuceess  of  tlie  prooese  of  ftimfiitatititi.  If 
this  Ih'  incomplete,  tlie  bread  is  heavy,  and  tint  stifllciently  reticulated 
in  texttire.  If  it  be  allowed  to  go  on  l^ej-ond  the  proper  time,  it  passes 
into  an  acid  fermentation,  and  rtevelops  a  sonr  taste.  If  projxrly 
conducted,  the  bread  is  uniformly  light  and  spongy,  and  has  no  acid 
reaction. 

Meat. — The  muscular  flesh  <tf  various  animals  affords  an  exceedingly 
valaable  and  nutritious  food,  of  which  beef,  mutton,  and  veniHon  hold 
the  highest  place.  The  nuiscuhir  fihre  itsi'lf  consista  almost  exclusively 
of  nitrogenous  matters,  but  in  point  uf  fiu-t  the  flesh  used  for  food  ia . 
alwaj'f^  accompanied  with  more  or  less  adipose  tissue,  and  even  when) 
freed  from  vi.nible  fat,  there  is  always,  according  to  Payen  and  Pavy, 
more  or  less  oleaginou;*  matter  entangled  with  tiie  museulnr  fibres.  In 
various  kinds  of  meat,  and  even  in  meat  from  diilerent  parts  of  the 
same  animal,  the  proportion  of  fat  will  vary  consiilerably ;  but  it  was 
found  by  Pavy,  in  one  of  the  best  and  most  commonly  used  portions  of 
beef,  to  amount  to  about  5  jHir  cent,  of  the  whole. 

CoMPOsmoN  or  Beef  Flesh. 

Water 77..'S 

Albomtnoua  matter 16.0 

Fat 5.0 

Mineral  salts 1.5 

100.0 

The  minernl  matters  consist  of  alkaline  chlorides  and  phosphates,  with 
phoBjthates  of  lime  and  mngnesia. 

Jn  the  cooking  of  meat  by  roasting  or  broiling,  the  external  parts  are 
poned  to  a  rapid  beat  of  120°  or  130**  (3mPF. )  liy  which  their  albii-  \ 
l<]Dinous  parts  are  coagulated,  their  coloring  matter  turned  brown,  and  a  J 
Jcharacteristic  flavor  developed.  The  interior,  which  does  not  lise  above 
65°  (150^  F.)  remains  red  and  juicy,  its  fluids  being  protected  from 
evajMinition  by  the  coagulation  f»f  the  outer  portions.  In  boiling,  where 
the  meat  is  cooked  by  contact  with  the  boiling  water,  none  of  it  risca 
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above  the  temperature  of  100^  (212^  F.);  but  this  may  penetn 
throughout  the  whole  substance  of  the  meat,  pri^ducing  a  miifori 
decolorization.  NotwithBtiUubng  the  coaguhitioii  of  the  atbiiminous 
iitiuitls  by  boiling,  the  (ibroiis  fouuec-tive  tissues  are  geiiitinizecl,  aud 
the  iHuscuhu*  tltsli  thus  imrtiully  soi'teued  ami  disintegrated.  On  the 
whole,  the  elleet  of  cooking  upon  meat  is  to  increase  the  conaistency 
of  its  albuminous  ingredients,  ita  principal  l>enelit  l>eing  the  attractive 
flavor  whieh  is  developed  by  the  aid  of  heat,  and  no  doubt  an  ixiereased 
digestibiUty  from  the  same  cause-  By  either  method,  meat  loses  in 
cooking  from  25  to  30  per  cent,  of  its  weight,  priticIpaUy  by  the  e8cai)e 
of  water  and  litpietied  fat. 

£yyis. — ^Tbe  ejrgs  of  various  animnh  are  usetl  for  food,  as  those  of  the 
common  fowl,  the  duck,  goose,  turkey,  seafowl,  tuilles,  and  the  roe  of 
many  kinds  of  fi»b.  Those  of  the  common  fowl,  whicli  are  the  most 
abundantly  used,  ma}"  be  considered  as  representing  the  general  quali- 
ties of  this  article  of  nourishment.  They  consist  of  the  globular  "  yolk," 
surrounded  by  a  layer  of  albumen  or  "  white.'"  The  composition  of 
these  two  portions  is  nesjrly  the  same,  exeo])t!ng  that  the  yolk  contains 
a  larger  proportion  of  Bolids  and  particularly  of  fatty  matter  which  gives 
to  it  its  yellow  color  and  rich  flavor.  A  comparative  analysis  of  the 
yolk  and  white  la  as  follows: 

Composition  op  thk  Fowl's  Eoo. 

'folk.  White. 

Albiiminong  matter IG.O  20.4 

Fat ao.1 

Miueralsalu 1,3  1.6 

Water .    52.0  78,0 

100.0  100.0 

The  mineral  matters  conBist  mainly  of  the  eodiura  and  potassium 
clilorides,  potassium  sulphate,  and  lime  and  magnesium  pbosi>hat<'S. 
Of  the  entire  contents  of  the  egg,  exclusive  of  tiie  shell,  the  yolk  consti- 
tutes one-third,  and  the  white  two-thiitls.  Cooking  produces  but  little 
effect  upon  eggs  except  to  coagulate  their  albuminous  matters,  since 
these  are  comparatively  but  little  susceptible  of  dovclo])ing  any  marked 
flavor  by  the  action  of  heat.  ^| 

Vcf/etabtt's Of  the  ditferent  vegetables  usetl  as  food,  some  are  vain-™ 

able  for  their  solid  starchy  and  albuminous  ingre<lients,  others  mainly 
for  their  saccharine  nn(i  watery  juices.  The  former  are  nutritious  in 
the  ordinary  sense  of  the  word,  though  much  lesH  so  than  hread  or  ani- 
mal food;  the  latter  are  useful  Tor  supplying  certain  materials  cnnlained 
in  the  fresh  vegetable  juices  which  are  essential  to  the  continuetl  main- 
tenance of  health.  The  most  important  of  the  first  group  are  repre- 
sented by  the  potato  and  tlie  leguminous  seeds.  The  tuber  of  the  potato 
abounds  in  starch,  but  is  pour  in  other  nutritive  ingredients. 
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Composition  or  thk  Potato. 

Starch 20.0 

Albuminous  matter 2.5 

Sugar  and  giiin                           1-1 

Fattj  niatt«r 0.1 

Cclluloee 1-0 

Miucnil  and  vegetable  salts 1-3 

Water "*0 

100.0 

The  leguminous  seeds,  on  the  other  han<i,  contain  an  abundance  of 
ftlbuminoiis  matter,  similar  in  character  to  the  corseine  of  milk,  and 
called  •*  k'gumine." 

Composition  or  Wiiitb  Bkahb. 

Starch BB.7 

Alhaminous  matter 25.5 

Fatty  matter 2.8 

Cellnlose 2.9 

Hineral  salts 3.2 

Water 9.9 

lUO.O 

The  composition  of  dried  pens  is  very  similar  to  the  nhove,  the 
starchy  mntters  only  being  prest-iit  in  rather  larger,  tlio  allmiuinuiis 
ingredients  in  rather  smaller  pjroportion.  Notwitli.standing  the  aUund- 
auce  of  nitrogenous  nrntter  in  leguminous  seeds,  its  quality  is  inferior 
to  that  contained  in  the  eereal  grains.  Peas  and  beans  also  Imve  a 
texture  which  rendi-i's  them  c<»in]tarative]y  difficult  of  digCHtion,  and 
retiuires  long  boiling  to  lit  them  for  use  as  footl.  The  enme  is  true  of 
many  juicy  and  saccliarine  roots,  such  aa  beets  and  parsnips,  which 
appear  to  have  a  com[i!iratively  soft  consistency,  but  which  nevertheless 
need  prolonged  boiling.  The  object  and  ellect  of  the  cooking  process 
in  vegetables  gencnilly  is  to  di^sintegr.1te  and  soften  their  texture,  and 
particularly,  tvy  the  aid  of  heat  and  moisture,  to  bring  their  star^-hy 
ingredients  into  the  hydrated  comlition.  Raw  starch  is  nearly  or  quite 
indigestible  by  man,  and  if  taken  into  the  Btdmacli  under  that  form  will 
often  pass  unchanged  from  the  l>owels  ;  but  when  tlioroughly  hydrated 
it  is  easily  acted  on  an*!  transformed  into  glucose  by  the  digestive  flui«ls. 
It  is  for  this  reason  that  starchy  vcget.ables  require  nuire  thorough  cook- 
ing to  render  them  digestible  than  most  kinds  of  animal  food. 

Beside  the  more  solid  kinds  of  vegetable  fooil,  many  of  the  pulpy  and 
succulent  fruits  and  herbaceous  substances  are  valii.ible  as  an  ndflition 
to  the  nutritive  regimen — celerj',  lettuce,  parsley,  spinach,  with  all  the 
Bweet  fruits  and  melons,  are  used  with  advantage  fit  her  in  the  raw  or 
cooked  form.  They  introtince  into  the  system  a  large  number  of  salts 
of  the  vegetable  acids,  such  aa  malates,  tartrates,  and  citrates,  the 
privation  of  which  for  a  long  time  is  one  of  the  inducing  causes  of 
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scurvy.  The  green  parts  of  vegetables  are  no  doubt  also  useful  by 
furniBluTig  to  tlie  systtm  n  supply  of  iron  corilaiiiecl  in  their  clilurophylk 
From  what  Las  been  saiii  alx)\e,  it  will  be  set-a  tliat  the  nutritioutj 
ehnnititer  of  any  substance,  or  its  value  as  an  article  of  food,  does  not  ■ 
(k'{H"n(i  sim]>ly  upon  its  eontainingeitlier  oneofthu  alimentary  substaaccs 
ill  large  qu;iiitity;  but  upon  its  euntiiining  them  mingled  together  in 
biieii  proportion  aa  ia  reeiuisite  fur  the  healtliy  untritioa  of  the  bmly. 
What  these  proportions  are  euiinot  be  delormined  from  simiilc  cheraieal 
analysis,  uor  frotu  any  other  tlata  than  those  derived  from  observation 
and  experiment.  M 

Reqaisite  Quantity  of  Pood  and  of  its  Different  IngT^dients.  1 

The  entire  quantity  of  food  required  per  ilay  varies  with  the  circura-  ' 
stimces  of  the  iiuli\  idual,  such  oa  tbe  size  and  weight  of  the  body,  the 
compiirutive  develupnnuit  of  the  musouhir  and  other  systems,  the  tem- 
perature, and  especially  the  amount  of  physical  activity.  More  foo<i  is 
required,  on  tbe  average,  in  cold  than  in  warm  weather, more  by  persons  ■ 
of  a  muscular  than  iiiy  those  of  nil  adipose  or  phlegmatiu  eonstitution, 
niore  in  a  condition  of  n<-tive  exertion  thnn  in  one  of  comparative  repose. 
Even  the  proportion  of  different  classes  of  proximate  principles  required 
for  nutrition  varies  to  a  considernble  extent  according  to  Rjjecial  condi- 
tions. Wlien  the  individual  is  in  a  perfectly  healthy  condition,  and  so 
fritiuited  that  he  can  su])ply  himself  at  will  with  any  kind  of  nourishment 
desired,  the  natural  demanda  of  the  appetite  afford  the  surest  criterion 
for  both  the  quantity  and  quality  of  the  food  to  be  used.  But  not 
infrequently  provision  must  be  made  in  advance  for  supplies  destined 
to  last  over  a  considerable  period,  as  in  the  ease  of  niilitary  or  exiiloring 
expeditions,  or  for  the  inmates  of  hos])itals  or  asylums  where  the  diet 
must  be  regulated  to  a  great  extent  upon  a  uniform  plan.  It  therefore 
becomes  important  to  know  both  the  quantity  and  kind  of  food  necessary 
for  the  support  of  life.  J 

The  standard  adopted  for  this  estimate  is  that  of  a  healthy  adult   1 
man,  employed  in  active  but  not  exhausting  occupation.     The  amount 
rcf|uisite  will  be  found  to  vary  in  eitlier  direction  from  this  standani, 
according  to  tlie  circuraKtances  above  mentioned.     The  average  require- 
ments as  given  by  tlilferent  authors  do  not  vary  materially  from  each 
other  in  any  essential  particular.     Aceonling  to  our  own  observations,    _ 
a  man  in  full  health,  taking  active  exercise  in  the  open  air,  and  restricted   I 
to  ft  diet  of  bread,  fresh  meat,  and  butter,  with  water  and  coffee  for  drink, 
consumes  the  following  quantities  per  da}* : 

QrAjfTrrr  of  Food  brquibkd  per  dat. 

Meat 453  gmmmea. 

Bread B40         * 

Batter  or  fat 100 

Water 1530        ♦' 

This  represents  tbe  requisite  daily  quantity  of  food  and  the  propor- 
tions of  its  different  kinds,  when  composed  of  such  articles  as  are  most 
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oompletelj  nntritions,  anH  of  tlie  most  uniform  composition.  For  the 
(Xintinued  mainteiianoe  of  lietilth  aixl  Btrc-iigtU  in  a  working  condition, 
other  articles,  such  as  fresh  vegetablos,  i«ugar,  milk,  fniit,  etc.,  should 
be  mingled  with  the  above,  in  a  variety  of  piqpoitiuns  j  but  there  18  no 
donlit  that  bi-ead  nnd  fresh  meat,  witii  a  cei*t!iiii  quuiitity  of  fat,  will 
prove  sufficient  for  the  wants  of  the  system,  lor  a  longer  time  tliun  any 
other  single  articles  of  food. 

Such  a  diet  also  affords  the  beat  means  of  ascertaining^  the  absolute 
and  relative  quantities  of  the  ditferent  proximate  prinei])!e3  required  for 
foo<L  If  we  take  the  average  couipusition  of  meat  and  bread,  and  eHti- 
mate  the  quantities  of  their  Bolid  afbuminous,  starchy,  and  saline  ingi-e- 
dients,  together  with  tlic  water  contained  in  both  solid  an<l  liquid  food, 
we  find  that  the  daily  ration  is  composed  nearly  as  follows : 

Albnnii nous  matter  .        .         .        .        .       13U  gnmnmes. 

Siarch  and  sugar 300        " 

Fi»t 101) 

Mineral  salts 20        " 

Water 2000 

Of  the  mineral  salts,  nearly  eight  gratnmes  are  naturally  contained  in 
the  sutistances  used  for  food  and  dritik  ;  tlie  remitinderconsiHti^  of  sodium 
chloride,  artificially  added  to  the  food,  or  used  in  its  pre[iar!ition. 

The  proportion  in  which  the  albuminous  and  the  ti'tii-mfrotjenous 
principles  should  be  mingled  in  the  food  is  of  considerable  iniitortancej' 
and  this  proportion  has  In^^en  determined  within  very  accurate  limits. 
Id  making  such  an  estimate  it  is  necessary  to  jiicltide  the  carhohvdrates 
(starch  and  sugar)  and  the  fats  under  the  same  liead  ;  hut  the  fats  are 
properly  regardetl  by  all  writers  as  having  a  tlitlerent  alimentary  value 
from  the  carhohj'drates.  This  depends  upon  the  well-known  fact  that 
the  final  result  of  the  transformation  in  tlie  living  body  nf  nil  the  nun- 
nitrogenous  substances  is  carbonic  acid  and  water,  tlius  rc|)reaenting  a 
process  of  oxidation,  the  necessarj*  oxygen  being  introfluced  with  the 
inspired  air.  But  the  capacity  fof  oxidation  of  the  fats  is  greater  tluui 
that  of  the  carliohyd rates,  as  shown  by  the  relati\>e  proportion  by  weight 
leir  constituent  elements, 

JC  72  C  44.47 

HIO      or,  in  100  parts,      U    6.17 
80  0  49.36 
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position,  by  weifrnt.   1  „ 

:h  (C.H„OJ  is         1  Q 
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100.00 


Here  the  oxygen  is  already  present  in  sufficient  proportion  to  saturate 
all  the  hydrogen  by  the  formation  of  water;  while  the  44.47  parts  of 
carimn  will  unite  with  118.58  parts  of  oxygen  to  form  carbonic  acid. 

On  the  other  hand,  if  we  take  palraitine  as  representing  tlie  average 
constitution  of  t!ie  fats,  we  bave^ 
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Here  the  oxygen  is  present  in  much  diminished  proportion;  and,  for 
complete  oxidation  oftlio  lut,  to  form  carlmtiiu  acid  and  water,  the  75.93 
purts  of  carbon  wi^Il  require  202.48  parts  of  oxygen,  and  tlie  12.16  parts 
of  hj-ilrogen  will  need  85.28  additional,  ovei-  and  above  the  11.92  parts 
of  oxygt-n  already  present.  Thus  the  quantities  of  oxygen  appropriated 
during  complete  oxiiUilion,  by  eturch  and  fut  respectively,  are  aa 
follows : 

QtAhTrTY  Ol*  OXTOEN  REQCTBia)  FOE  THE  COMPLCTB  OxiDATlOS  OF 

100  parla  of  Btarch 1 18.58 


fat 


2H7.T6 


/  A  fatty  substance,  thei'efore,  has  a  cap-icity  for  the  production  of  car- 
bonic acid  and  water,  by  oxidation,  about  2.4  times  greater  than  tliat  of 
Btarch.  In  e&timating,  accordingly,  the  re(iuiBite  quantity  of  all  the  non- 
nitrogenous  nlatter^^  taken  together,  the  fat  is  calculated  as  starch  ufxtn 
this  basis;  one  part  of  fat,  by  weight,  being  reckoned  as  equal  to  2.4 
parts  of  starch.  Thia  quantity,  added  to  tliat  of  the  carbohydrates  in 
the  food,  is  sometimes  called  the  "  starch-equivalent"  of  the  non-nitro- 

I  genoua  matters. 

If  we  ascertain  the  amount  of  solid  allutminous  and  non-nitrogenous 
matter  contained  in  the  daily  food  of  nn  ordinary  nutritious  diet  of 
mixed  quality,  we  find  that  the  non-nitrogenous  matters,  reckonetl  as 
starch,  amount  to  four  or  five  times  as  much  as  the  albuminous  ingredi- 
ents. A  coni|>ariBoji  of  our  own  oliservationn  witli  the  e-stimates  and 
diet  t'lbles  of  Moleschott,  Puyen,  and  Playfair,  all  of  which  correspond  in 
the  main  with  each  other,  gives  the  following  as  the  average  daily 
quantity  of  these  two  classes  of  proximate  piinciptes  in  the  food. 

Albuniiivous  matter 130  grammes. 

Non-Jiitrogenous  iimtter,  as  starch    ....     600        *' 

Thus  albuminous  matter  con.'^titutes  rather  less  than  one-fifth  of  the 
entire  food,  for  a  healtliy  adult  in  active  occupation  j  and  it»  quantity 
is  to  that  of  the  non-nitrogenous  matters  as  I  to  4. (J  2. 

This  proportion  varies  to  some  extent  with  the  age  and  condition  of 
the  individual.  In  human  milk,  which  at  first  forms  the  exclusive  food 
of  tiieyoung  iuAint,  acvonlina;  to  the  average  analyses  of  Simon,  Vemois, 
and  Becquerel,  as  given  by  Milne  Edwanls,  the  albuminous  ingredients 
are  to  the  non-nitrogenous  matters  rcckoni'*!  as  carbohydrates  in  the 
jjroportion  of  1  to  2.96.  In  cow's  milk,  u])on  which  the  young  calf  is 
sustained,  the  proportion  is  as  1  to  3.27  ;  while  in  green  grnas  and  hay, 
upon  which  tlie  adtilt  animal  feeds,  it  is  as  1  to  11.70  and  I  to  9.28  re- 
Bpectively.  The  larger  proportion  of  albuminous  matter  in  the  food  at 
this  caily  age  is  evidently  connected  with  the  growth  which  is  then 
taking  place.  A.h  the  nitrogenous  principles  constitute  mucli  tlie  larger 
part  of  the  solid  organic  mattt^rs  contained  in  the  bmly,  tlie  steady  in- 
crease in  weight  during  the  growing  period  demands  a  corresponding 
8i)ppl)'  of  these  substances  in  the  food. 

There  is  also  evidence  that  the  requisite  proportion  of  nitrogenous 
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principles  varies  in  the  adult  with  the  amount  of  physical  activity.  A 
<-Qtiditioti  of  bar?  eiuUtiistence  luay  bv  utaintainiHl  ujjiou  a  diet  in  wliicb 
the  aJbuininous  substances  are  in  smaller,  uud  tliu  non-uitrogenoua 
aattera  in  larger  proportion  ;  but  wlifn  tlie  system  is  biibiluidly  culiud 
upon  for  a  greater  amount  of  muscular  exertion,  the  proixjrtion  of 
albuminous  matters  in  the  food  must  be  increased.  This  is  a  well-known 
Cict  in  regard  to  itorses  and  working  cattle  generally.  In  a  state  of 
comparative  inactivity  they  may  be  supported  mjunly  u|H>n  grass  or 
hay,  in  whicli  the  proportion  of  nitrogenous  to  non-nitrogenous  matter 
is  not  more  than  1  to  9.28 ;  but  wheu  employed  in  active  laljor  they 
require  a  liberal  su|)ply  of  oats,  in  which  the  proportion  is  a«  1  to  7.13. 
lu  Dr.  Playfair's  diet  tables,  which  were  collected  with  great  care  from 
a  variety  of  sources,  inehuling  those  of  prisons  and  inJirmaries,  those  of 
the  American  and  European  armies  duniig  peace  and  iu  active  service, 
and  of  certain  hard-working  laborers,  the  increase  of  albuminous  matter 
with  increased  labor  is  a  m.irked  feature.  While  in  a  bare  subsistence 
diet  the  pro{)ortion  of  albuminous  to  tton-nitrogenous  matter  is  ns  1  to 
6.87,  in  that  of  active  laborers  it  is  as  I  to  4.3-4.  Tlie  Ibllowing  table 
will  show  the  relative  ineiease  of  the  two  kinds  of  fonil  under  different 
conilitious  of  exercise,  as  calculated  from  Dr.  Playfair's  data. 

RCLATtVK  iMCREAaE,  UNDRR  DrFPRRXNT  CoXDITIONa,  OF   ALBUMT.fOCB  AKO  NOX- 

NiTROOKKoua  Mattek^  in  THK  F<XIU. 

Bare  eabsigtenco  diet 

Full  diet  with  moderate  exercise 

Diet  of  active  laborer 

Diet  of  bard-worked  laborer 

As  these  diet  tables  were  adopted  by  the  various  civil  and  military 
authorities  as  the  result  of  long  experience  in  tlie  practical  ailaptatioa 
of  fooil  to  the  amount  of  work  performed,  they  may  be  regarded  as 
fxpressing  with  gre.it  approximation  to  certainty  the  jihysiological  re- 
quirements under  dilferent  condition!^.  They  are  corroborated  by  the 
variation  in  diet  adoptetl  iu  the  convict  estJihlishments  of  (Jreat  Britain, 
M  given  by  Pavy.'  In  the  change  from  "•  Light-lidwr  Diet"  to  "Hard- 
laljor  Diet,"  while  the  non-nitrogenoug  food  is  increased  only  13.31  per 
cent.,  the  albuminous  foo<l  is  increased  1G.15  i>er  cent. 

It  is  evident,  therefore,  th.it  increa.<ied  physical  exertion  requires  a 
gn-flter  proiH»rtional  increase  in  the  albuminous  than  in  the  non-nitro- 
genous ingredients  of  tlie  food. 

It  is  also  a  m.ilter  of  interest  to  determine  the  quantity,  source,  and 
dcHtination  of  the  dilfeieiit  cht'inical  elemfntu  entering  into  the  composi- 
tion of  the  food.  Taking  the  average  chemical  composition  of  albumin- 
ous matters  anil  fiet,  and  that  of  the  carbohydrates,  wc  find  tliat  a  man 
under  ordinary  full  diet  lakes  into  his  system  daily  the  constituents  of 
the  food,  in  round  numbers,  as  follows: 

'  Ob  Food  and  Dietetics.    Philftdelphia  edition,  1874,  p.  435. 


A.U>uiiilnuua 

Noii-Dltrog«naui 

in.\(tffr. 

mntter. 

.      100 

100 

.     180 

161 

.     232 

171 

.     242 

Ih'i 

128 


POOD, 


Daily  Cosai'MPTtaN  ix  tue  Food. 

V  H 

Albominous  matter,  130  grammes,  coiiLaitiing     lU         10 

Starch       .        ,        3U0        "  "  134        18 

Fat  .        .        .        lOU        "  "  76        12 
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Of  these  elementary  bodies,  carbon  ain)  nitrogeu  are  considered 
espeeinlly  im|)t)rtaiit  wi  cuiiatitueuta  of  tlie  food,  eiirbon  as  forming 
tiie  most  abundant,  and  cluiracteristit.*  ingredient  of  all  organic  combi*^^^ 
natioQs,  and  uitrogeu,  as  tlie  distinguiHliing  element  of  n)btiminoui^| 
^ubstances.  Of  tbese  two,  aeeordiugly,  tiie  s_vs+tcm  requires  daily,  to 
supported  in  au  jietive  condition,  aliout  iJO  grainmea  of  uitrogt'u  and 
about  2a0  graminus  of  carbon.  Tliia  fact  alone  mi<kc«  it  evident  that  a 
mixed  diet  of  animal  jiud  vegetable  food  is  llie  most  available  for  man. 
Meat  contains,  according  to  tlic  analyses  of  Paypii,  3  jier  cent,  of  nitrogen 
and  11  per  cent,  of  carbon.  Consequently,  if  the  lUet  were  compos 
excluHivL-ly  of  this  food,  the  necessary  quantity'  of  nitrogen  would  li«l 
supplied  by  66C  grammes  of  meat;  but  in  order  to  obtain  the  required 
carbon,  2546  grammes  would  need  to  be  couHumed,  thus  involving  a 
great  waste  of  its  nitrogenous  matttT.  On  the  other  hantl,  bread,  the 
most  nutritious  of  all  vegetable  substances,  contains  only  1  per  cent,  of 
nitrogen  and  30  jier  cent,  of  carbon.  Therefore,  if  tiiis  were  the  ordy 
food  used,  1)3^  gntnitiies  would  be  sunicieut  to  su[iply  all  tlie  carbon; 
but,  in  order  to  obtain  the  due  amount  of  nitrogen,  it  would  be  neeej 
sary  to  consume  2000  grammes.  A  mixture,  accordingly,  of  the  lw< 
kinds  of  fbocl,  in  which  nitrogenous  and  liydrocarbonact^ous  matter 
res|>ectively  preponderate,  is  best  ailapted  to  sup|ily  the  wants  of  th< 
SNstem  without  unnecessary-  expenditure  of  niateriiil. 

The  changes  undergone  in  the  body,  and  the  tinal  destination  of  tlu 
ingredients  of  the  food,  vary  for  different  kinds.  Tlie  carbohyilrates  n< 
doubt,  after  Berving  the  purposes  for  whiclj  they  are  intended  in  th« 
animal  economy,  are  finally  expellcil  under  tlie  form  of  carlionic  acid 
and  ^vater.  The  action  of  tlie  oxygen,  introduced  with  the  inspired  air, 
prtHluces  this  result  I>y  uniting  with  the  carbon  of  the  organic  bo<ly, 
while  its  own  hydrogen  and  oxygen,  already  present  in  the  relative 
quantities  to  ])roduce  water,  are  liberated  under  that  form.  This  reanlt 
is  expressed  by  the  following  formula: 


C,H,„Oj 


rnrhontc  iicld. 


H.„0.. 


J 


+     0„ 

Thus  the  change  imdergone  by  starch  and  allied  substances  in  the 
animnl  bo<ly,  where  they  are  consumcfl.  is  precisely  the  reverse  of  that 
taking  i>lace  in  plants  during  the  act  of  vegetation,  by  which  they  are 
produced. 

For  the  fats  the  change  is  a  similar  one,  their  otdy  Dnal  products,  » 
far  as  we  know,  l>eing  carlmnic  acid  and  water.  In  this  process,  how. 
ever,  the  fata  require,  as  already  mentioned,  a  greater  supply  of  extra* 
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Deou8  oxygen,  hince,  besule  tlit-ir  larger  pro|iortion  of  carbon,  they  also 
conlain  hyilrogon  which  requires  further  oxidation,  in  onler  to  foria 
water.  The  chiinge  thus  luiiltrgone  by  fatty  subetaucts  may  be  ex- 
pressed as  followB: 

•  FAt.  carbonic  Rciil.    Watar. 

In  the  ca<M>  of  the  albuminoim  matters  the  process  is  a  diiferent  one. 

[These  substances  contain  an  eleiuent,  namely,  niLrogeii,  which  does  not 

i*p|>ear  ill  the  carbonic  ftcid  and  watery  vapor  of  the  exiiiroil  breath, 
but  furras  a  distinguishing  constituunt  of  the  crystaliizahle  matters  of 

[the  uriue.  Of  these  matters,  urea  is  by  far  the  most  abundant,  and,  as 
already  mentioned,  fully  flvc-sixihs  of  the  nitrogen  taken  in  with  tlie 
food  reappears  as  an  ingredient  of  urea,  while  the  remainder  is  included 
in  the  creatinine  and  uric  and  liippuric  acids  of  the  urine,  and  in  the 
excrcmentitious  substance  of  the  feces. 

There  is  evidence,  however,  lliat  the  nitrogenous  niatters  also  take 
part  tn  the  formation  nf  cnrbonic  aciil;  that  is,  although  nil  ttieir  nitro- 
gen is  discharged  under  the  form  of  urea  and  other  similar  combiua- 

llions  in  llie  urine  nud  feces,  all  their  carbon  docs  not  appear  in  these 
excretions,  and  must  pass  out  by  some  other  channel.  While,  as  we 
have  seen,  130  gmmmes  of  albuminous  mntter  ave  taken  daily  with  the 
food,  containing  70  gmmmes  of  carbon,  oidy  35  gr.immcs  of  urea  are 
diaclmrgcil  during  the  same  time,  containing  1  grammes  of  carbon  ;  and, 
icconling  to  the  most  accurate  anal^-ses,'  not  more  than  23  grammes 
are  disciiarged  daily  by  both  the  urine  and  feces  together.  This  leaves 
unaccounted  for  aNxit  47  grammes  of  carbon,  or  two-thirds  of  the 
original  quantity,  whieh  must  i»as9  out  from  the  body  under  some  other 
form  of  combination.  The  same  thing  is  true,  to  a  considerable  extent, 
of  the  hydrogen  of  these  substances,  of  which  10  grammes  are  intro- 
ducei.1  daily  aa  an  ingredient  of  the  albuminous  matters  of  the  food, 
while  not  more  than  5  or  i)  grammes  are  discharged  iu  organic  combi- 
Dations  with  the  urine  nnd  feces.  The  albuminous  matters,  therefore, 
not  only  give  rise  to  the  elimination  of  urea,  but  also  contribute  to  the 
production  of  carbonic  acid  and  waler. 

The  manner  in  which  this  takes  place  is  probably  by  the  separation 
of  some  of  the  elements  of  albumen  combined  as  urea,  after  which  the 
remainder  are  left  behind  as  a  non-nitrogenous  substance.  If  we  adopt, 
for  the  constitution  of  an  albuminous  body,  exclusive  of  its  sulphur, 
the  formula  C^Hj^Nj^Oj^,  and  lake  away  from  it  all!  the  nitntgeu  In  the 
form  of  area,  a  substance  will  remain  analogous  in  composition  to  a 
fat,  thus — 

Albamcn C^,  IT,,,  N,g 
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Tlie  remaining  subslaitce  mny  tfteji  undergo  complete  oxidatioi 
witUout  tlie  furthur  prutluction  of  any  nilrogenous  coinpouud.  This 
double  result  of  tUe  deconipositiou  of  tlie  alburainoiis  suhstances,  lo- 
getljer  with  the  fact  that  vrn  tiike  habiLimlly  ln'tweeii  four  luui  five 
tiiUfH  as  mut'h  uou-nilrugLMH/us  a»  uitrogenous  matLvr  in  the  foo<l,  will 
explain  the  great  piepoiulemuee  in  qiuintity  of  carbonic  acid  as  nn 
excietiou  over  urea.  For  while  the  average  daily  quantity  of  urea 
discharged  is  only  35  grammes,  the  carbonic  acid  exhaled  with  the 
breuth  amounts  to  fi'om  700  to  tJOO  grammea  per  tluy ;  tljc  entire  «iufln- 
tity  of  the  carbonic  acid  produced  being,  by  weight,  fully  twenty  timca 
as  great  as  that  of  the  urea.  Urea  is  n  nitrogenous  aubstnnce  sepa- 
rated b^y  decomposition  from  the  idburainons  ingredients  of  the  system  ; 
while  carbonic  ueid  represents  the  combination  of  its  remaining  elemenU 
with  the  abundant  oxygen  introduced  b}-  the  breath. 

The  quantities  of  the  various  substances  taken  in  with  the  food  and 
discharged  with  the  excretions  are  liable  to  many  variations  from  the 
cUnnging  condition  of  the  individual.  If  the  bo4ly  be  increasing  in 
Weight,  iho  substances  intro<luced  will  be  greater  in  quantity  than  those 
discharged  J  if  it  be  diminishing,  the  materia!  discharged  will  be  more 
than  that  introduced.  Even  in  the  health}'  adult,  where  the  body  does 
not  sensibly  gain  or  lose  weiglit  for  long  intervals,  observation  luia 
Bhown  that  there  are  frequent  fluctuntiotis  of  small  extent,  and  that  the 
income  for  any  single  day  rarely  counterbiUances  exactly  the  outgo  for 
the  same  period.  Consequently  the  quantities  given  in  the  preceding 
tallies  cannot  be  taken  as  furnishing,  in  any  case,  a  uniform  and 
invariable  standard,  but  only  as  showing  what,  upon  the  whole,  are  the 
relative  proportions  of  the  differeut  ingredients  entering  into  the  com- 
position of  the  foot!  and  of  the  bodily  frame.  And  although  for  many 
of  thera  we  are  not  yet  able  to  ascertain  their  quantities  with  suflicient 
accuracy  for  determining  all  tlie  changes  which  tliey  undergo  in  the 
system, yet  there  is  no  doubt  of  the  main  result  produced  by  the  internal 
transformation  of  the  ingredients  of  the  food.  We  have  certain  nutri- 
tious substances  introduced  on  the  one  hand,  and  certain  excrenientitious 
proilucts  discharged  on  the  other,  which  may  be  expressed  as  follows : 


Iktbopitcei}  wfth  tut.  Food. 

Albumiuc>a.s  matter. 

Fat. 

Carbohydrates. 


DiBCBAROBD  WITH  TUR  ExCRRTIONg. 

Urea. 

Carbonic  acid. 
Water. 


This  represents  the  decomposition  and  metamorphosis  of  the  organic 
stdjstanees  proper;  while  the  mineral  ingredients  of  the  food,  as  a  rule, 
pass  through  the  system  unchanged. 


A 


f  Digestion  is  the  process  by  which  the  food  is  reduced  to 
I  which  it.  L-an  be  nlworbed  from  the  intestinal  eaiial,  and  takei 
\j)Ioodves8eIs-     This  process  does  not  occur  in  vegetaliles,  which   are 
dependent  for  their  nutrition  upon  materials  which  are  supplied  to  them 
in  a  form  alrendy  fitteil  ficr  ahaurjitjou. 

Carlxinic  »cid,  aimuonium  ciubonate,  and  ammonium  nitrate  exist  iu 
a  paseons  form  in  the  atmosphere,  or  ore  brought  down  iu  solution  Xoy 
the  rain,  and  penetrate  the  soil  to  the  roots  of  the  growing  plants ;  while 
many  of  the  mineial  salts,  as  sulphates,  nitrates,  and  eurbouatcs,  are 
also  present  in  the  soil  in  a  sotiihle  condition.  Thus  they  require  no 
Hlleration  before  being  taken  \\\t  by  the  tissiie.s  of  the  plant.  The  only 
Juiown  excejjtion  to  this  is  in  the  case  of  materials  coniposeci  of  the 
eajthy  ear^nates  and  phosphates,  which  are  insoluble  or  nearly  so  in 
water,  but  which  are  known  to  l)e  corrodetl  and  rendered  soluble  by  the 
ftcid  juk-ea  of  the  plnnl-roots  in  contact  with  them.  As  a  general  rule, 
the  substances  requisite  for  vegetation  arc  directly  absorbe<l  from  the 
exterior  in  their  original  condition.  But  with  animals  and  man  the 
case  is  dilVerent.  They  cannot  subsist  upun  jni>rg«nie  substances  ouJy, 
but  require  for  their  8U|>])ort  materials  wliieli  have  already  been  organ- 
ized, and  which  have  previously  constituted  n  part  of  animal  or  vegetable 
bodies.  Their  fomi  is  almost  invariaVvly  solid  or  semi-soli*!  when  taken, 
and  insoluble  in  water.  Meat,  bread,  fruits,  vegetables,  and  the  like,  are 
all  taken  into  the  stomach  in  n  solid  and  insoluble  condition  ;  and  even 
substances  naturally  flui<l,  such  as  milk,  albumen,  white  of  egg,  arc  nearly 
always,  in  the  human  species,  more  or  less  Koliilified  liy  the  process  of 
cooking,  before  iM'ing  taken  into  the  stomach. 

In  animals,  accordingly,  the  food  requires  to  undergo  a  process  of 
digestion  or  liquefaction,  before  it  can  be  »I>sorlK'd.  In  all  cases,  the 
general  characters  of  this  process  are  the  same.  It  consists  essentially 
in  the  food  being  receivefl  into  a  canal,  running  througfi  the  body  from 
month  to  anus,  called  the  '*  alimentary  canal,"  in  which  it  comes  in  con- 
tact with  certain  digestive  fluids,  which  act  upon  it  in  such  a  way  as  to 
liquefy  and  dissolve  it.  These  fluids  are  secreted  by  the  mucous  mem- 
brane of  the  alimentary  canal,  ami  by  certain  glandular  organs  situated 
in  its  neighborhood.  The  fowl  consists,  as  we  have  seen,  of  a  mixture 
of  various  substances,  having  different  physical  and  chemical  properties ; 
and  the  several  digestive  fluids  are  also  different  from  ejich  other,  each 

(  n\  ) 


Fig,  26. 


one  of  thera  pxorting  a  peculiar  action,  which  is  more  or  leas  confined 
to  [)arlii'uliir  s|iL"cies  of  ftiotU  As  the  food  [kjssl's  through  thu  ulimcnLary 
ennal  I'roiu  above  ilonnwurtlj  those  purts  of  it  which  beuoiut  liiiuefiwl 
are  Buoeessivtly  removed  by  abaorjjtion,  ami  taken  up  \>y  the  vessels; 
while  the  remaining  portions,  foiisisting  of  tlie  indigt'Slible  matter,  to- 
gether with  the  refuse  of  the  iut-eslina!  sfcretionn,  gnuhuilly  iicquirc  a 
firmer  eunsis^tenoy  owing  to  the  absorption  of 
the  duids,  aud  are  finally  discharged  from  the 
iiuestiue  under  the  fonn  of  feces. 

In  difTeTeiit  Kpecies  of  niiimals,  tlie  diflfer- 
ence  in  their  liabits,  in  tho  constitution  of  their 
tissues,  and  in  the  character  of  their  food,  is 
iiucompaiiied  with  a  corresponding  variation 
in  the  anatoray  of  the  digestive  apparatus,  and 
the  eharaoter  of  the  suerelcd  fluids.  As  a 
general  rule,  the  digestive  apparsitus  of  herb- 
ivorous nriimals  is  more  complex  than  that  of 
the  cnrnjvora ;  since,  in  vegetable  substances, 
the  nutritions  matters  are  often  present  in  a 
compariitively  solid  and  unmanageable  form,  as, 
for  exam|)le,  in  raw  starch  and  the  cereal  grains, 
and  are  nearly  always  entangled  among  vege- 
table cells  and  fibres  of  an  indigestible  character. 
In  those  iustances  where  the  mitriment  consists 
mostly  of  grass,  leaves,  twigs,  and  roots,  the 
digestible  matters  bear  only  a  small  proportion 
to  the  entire  quantity  ;  and  a  large  mass  of  food 
mnst  therefore  be  taken,  in  order  that  the  re- 
quisite amount  of  nutritious  material  may  be 
extracted  from  it.  In  such  cases,  accordingly, 
the  alinieiUnry  canal  is  large  and  long;  and  is 
divided  into  many  compartments,  in  which  dif- 
ferent processes  of  disintegration,  transforma- 
tion, and  solution  are  carried  on. 

In  the  common  fowl,  for  instance  (Fig.  26), 
the  foo<l,  consisting  mostly  of  grains,  or  of  in- 
sects with  hard,  coriaceous  integument,  first 
passes  down  the  rL'Sopliagus  (a)  into  a  diverti- 
culum or  pouch  (A)  termed  the  crop.  Here  it 
remains  for  a  time  mingU'd  with  a  watery  secre- 
tion in  which  the  grains  are  macerated  and 
softened.  The  f<)od  is  then  carried  farther  down 
niilil  it  reaches  a  second  dilatation  (c),  the  pro- 
ventrionhis,  or  secreting  stomach.  The  mucous  membrane  here  is  thick 
and  glandular,  and  is  [jrovided  with  numerous  secreting  follicles.  From 
them  an  acid  fluid  is  poured  out,  by  which  the  foot!  is  subjected  to 
further  changes.     It   next  passes   into  the  gizzani  (rf),  or  triturating 
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Alivkktabt  Cajial 
or  Fowl. —  a  (£ioi>hn^u». 
ft.  Crop.     r.  Proventrlculus, 

Idrd.  Of  IrUurAttnc  itomnch. 
e.  Inlestlne.  /  Two  long 
cipcul  tubes  wlitch  upon  into 
the  lateatlnc  n  short  <1i.<it»noe 
kbOT«  Iti  termlondon. 
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stomachy  a  cavity  inclosed  by  thick  muscnlnr  walls,  and  lined  with  a 
voogh  and  horny  epithelium.  Here  it  is  subjected  to  the  crushing  and 
grinding  action  of  the  muscular  parietes,  assisted  by  grains  of  saml  and 
grmrci,  vfliich  the  fowl  instinctively  swtdlows  with  the  food,  l»y  which  it 
b  so  triturnte<l  and  di^integrnted,  that  it  is  reduced  to  a  iinifoi-ni  jmlp, 
Qpon  which  the  digestive  Uuiils  can  eflcctnall}"  operate.  The  muss  then 
passes  into  the  intestine  (^),  where  it  meets  with  the  intestinal  juices, 
which  cow|ilete  the  ])roce88  of  solution  ;  and  from  the  intestitiu!  i-avity 
it  is  finally  absorbed  in  a  liquid  furm,  by  the  vessels  of  the  mucous 
nierabrane. 

In  the  ox,  the  sheep,  the  camel,  the  deer,  and  all  niminating  animals, 
there  are  four  distinct  stomachs,  each  lined  with  mucous  membrane  of 
a  dilTerent  structure,  and  a<lapted 

to  perform  a  ditferent  part  in  the  Fip.  27. 

digestive  process.  (Fig.  27.)  The 
first  two,  situatei]  side  by  side  at 
the  lower  extremity  of  theojsoph- 
agus  (a),  consist  of  the  rumen  or 
paunch  (6),  a  large  sac,  itself  par- 
tially divided  by  incomplete  par- 
titions, and  Iine<l  by  a  nnicous 
membrane  thickly  set  with  long 
prominences  or  villi;  and  the 
retu'ulum  (o)  or  second  stomach, 
BO  c&lie<i  from  the  intersei'ting 
folds  or  ridges  of  its  mucous 
membrane,  which  give  it  a  reticu> 
lat«d  or  honey-combed  appear- 
unce.  Into  tliese  two  stomachs 
the  foo<l  is  received  when  first 
8wa]lowc<l  by  the  auimal  in  feed- 
ing or  browsing,  and  retnains 
there  for  some  time,  e8|H?ci:dly  in  the  capacious  rumen,  alowly  macerated 
and  9oftene<l  by  the  action  of  the  warmth  and  watery  fluids,  but  not 
undergoing  any  marked  chemir-nl  action.  Whon  the  animal  has  finished 
browsing,  and  the  process  of  rumination  comnienocs,  the  food  is  regur- 
gitatetl  into  the  mouth  by  an  iiivi-rted  action  nf  the  muscular  walla  of 
tlie  pannch  and  a?sophagU9,  an<l  slowly  masticated.  It  then  descends 
again  along  the  Oisophagus ;  but  the  lateral  opening  which  communicates 
with  the  first  two  stomjichs  is  now  closed  by  muscular  action,  and  the 
tesophagus,  thus  converted  into  a  tubular  canal,  conducts  the  mastirated 
foot!  int^>  a  third  stomach,  the  omasu^f  or  "psaltcrium"  ((f),  in  whiclhthe 
mucous  membrane  is  arrange*!  in  thin  longitudinal  folds,  lying  parallel 
with  each  other,  like  the  leaves  of  a  book,  thus  increasing  considerably 
its  extent  of  surface.  The  exit  from  this  cavity  leads  directly  into  the 
ttbomanuM  or  ''rennet"  (f),  the  true  digestive  stomach,  in  which  the 
mucoos  membrane  is  soft,  thick,  and  glandular,  and  in  which  an  acid 


OoMPorwn  Stox ach  or  Ox.— j. CEnophi*- 
g^it*.  b.  RiimeDiOrflratBtomAcb.  c.  Hptloulum, 
or  sccoad.  if.  OtnAsus.  rir  thlt-<l.  «.  AbomniUB, 
or  fourth     /.  Uuoilenum.     (Rym«r  Jones.) 
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BolviTit  fluid  is  8€cretetl.      Tlica  follows   t!ie  inU'stiual  cauul  with  its 

various  riivimons  and  variations. 

In  the  fnrnivora  the  wlimentary  canal  is  sljorter  nml  niirrower  thiui  iu 

the  prtH,'etling,  atid  priiseiits  fewer  complexities.     The  (oof\  upon  whicli 

these  nnimals  subsist  is  sofler 
^'?'  28.  ihiin  that  of  the  herbivorH,  and 

lesseueumlwred  with  inrligest- 
ible  matter;  so  lliat  the  process 
of  its  solution  requires  a  less 
extensive  apparatus. 

In  the  human  species,  the 
foml  is  naturally  of  a  mixed 
character, tuintaiuing  both  ani- 
mal and  vegetal)le  substances. 
But,  uotwithstaudiuiij  this  dif- 
ference in  the  kind  of  nourish- 
ment, the  digestive  apparatus 
in  man  resembles  closely  that 
of  the  carntvora.  For  the 
vegetable  matters  which  we 
take  as  food  are.  in  the  firet 
place,  artilicially  separate<U  to 
a  great  extcut,  from  in<ligesti- 
ble  impurities;  and  secondl}', 
tfiey  are  so  softened  by  the 
process  of  cooking  as  to  be- 
come  nearly  or  quite  as  di- 
gestible as  animal  substances. 
In  the  human  8|>ecies.the 
process  of  digestion,  though 
simpler  than  in  the  herbivora, 
is  still  somewhat  complex. 
The  fliimenlarv  canal  is  di- 
vided into  different  compart- 
ments or  cavities,  which  com- 
municate with  each  other  by 
narrow  oritlcea.  At  its  com- 
mencement (Fig.  28)  we  find 
the  cavity  of  the  mouth,  which 
is  guanled  at  its  posterior  ex- 
tremity by  the  muscular  v.-dvc 
of  the  isthmus  of  the  fauces. 
Through  the  pharynx  and 
a'sophagus  (a),  it  communi- 
cates with  the  second  comjvart- 

mcnt,  or  the  ntomach  (6),  a  flask-shaped  dilatation,  guardeil  at  its  canliac 

and  pyloric  orifices  by  circular  bands  of  muscular  fllires.     Then  follows 


HrHAjf  ALiicKnTARr  Canal.— a.  fE^nph- 
•gus.'  6.  Sionnch.  c.  CurdJ^to  orlflcc.  d.  Pyloru*. 
«.  Smsll  InlMttnp.  /,  BiUnry  Juct.  g.  Pnnoreatlc 
ilnct.  h.  AseeiiiUnK  colon  i.  TrnniY«rir  ooIod. 
/   I>«te«DdinK  colon,    k    Koctum, 
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the  ftmall  inteatine  {e\  dilTerent  parts  of  wUich,  owing  to  the  vary- 
ing structure  of  their  miicoiia  meitibraiie,  have  revciveil  lUe  different 
names  of  dnodenuin,  jejunum,  and  ileum,  la  tlie  duodcuum  »re  ^ituiitcd 
the  orifices  of  thti  biliary  and  pancreatic  duets  {J\  {/).  Finally  comes 
the  large  inteatine  (/*,  !',J,  k),  scparaU^d  from  the  smaller  b3'  the  ileo-ctecal 
valve,  and  terminating,  at  its  lower  extremity,  hy  tlie  niuis,  at  wliich  is 
situated  a  double  fephincter,  for  the  purpose  of  gnanling  its  orilice. 
Everywhere  the  alimentarj*  cmuil  is  couiposcil  of  a  mucuus  luenibrane 
and  a  muscudar  coat,  m  ith  a  hiyer  of  eubmdcuiia  eomiective  tissue  between 
the  two.  The  muscular  coat  is  composed  of  a  double  layer  of  lont^itudinul 
and  transverse  tibres,  by  the  alleniata  contraction  and  relaxation  of  which 
the  food  is  carried  through  the  canal  from  above  dowmvard,  and  the 
arrangement  of  which  varies  in  different  portions  of  the  alimentary  tract. 
The  mucous  membruue  presents,  aUo,  a  (liiRTeiit  structiire,  and  has  dif- 
ferent properties  in  different  parts.  That  of  tiic  mouth  and  a-soplmgus 
is  smooth,  with  a  hard,  white,  tessellated  epithcliiira,  which,  huwevcr, 
terminates  abruptly  at  the  cardiac  orifice  of  the  stomach.  The  mucous 
membrane  of  the  gastric  cavity  is  soil  ami  glatiilular,  covered  w  ilh  a 
transparent,  columnar  epithelinm,  and  thrown  into  miriuto  folds  or  pro- 
jections on  its  free  surface,  which  are  sometimes  reticulated  with  each 
other.  In  the  small  inte^^tirie  it  presents  larger  trai>sverse  folds  known 
as  the  "  vulvulaj  couniveutes,"  is  covered  upon  its  free  yurfaee  wiib 
thickly  set  villosities  of  various  forms,  and  cr>ntaina  throngliout  an 
abundance  of  tubular  fullicles.  Finally,  in  the  large  intestine  the  mu- 
cous membrane  is  sinootli  and  shining,  free  from  villositics,  and  pro- 
vided with  a  glandular  apparatus  different  in  structure  and  function 
from  that  of  tlie  preceding  parts. 

The  digestive  secretions,  also,  vary  in  these  different  regions.  In  its 
passage  from  above  downward,  the  food  meets  with  at  least  five  dif- 
ferent secreted  fluids,  namely,  the  i<oli''a^\n  the  cavity  of  the  mouth: 
the  gastric  juice  in  the  fitomnch;  and  the  intratinaljiiit'e^  with  tlie  ptw- 
creatic  juice  and  the  bitt'j  ilischarged  into  tlie  cavity  of  the  emtdl  intes- 
tine. These  fluids  are  tliemselves,  in  some  instances,  of  co»npL'S  nature, 
resulting  from  the  mingled  secretions  of  several  different  associated 
glands,  or  of  the  various  parts  of  a  single  mucous  membrane.  To  a 
certain  extent,  tlie  special  action  of  eacli  iligcstive  fluid  upon  the  foo<l 
has  lieen  investigated;  and  it  is  found  liiat  certain  of  the  secretions 
have  a  distinct  antl  peculiar  influence  upon  special  ingredients  of  tlie 
fi)o<l.  As  the  result  of  tlie  successive  action  of  the  digestive  fluids, 
uio<.IiQed,  perhaps,  by  the  effect  of  their  combined  ojjeration,  the  sub- 
stances composing  the  alimentary  mass  are  gradually  reduced  to  a  fluid 
condition,  in  which  Ihey  are  fit  for  absorption  by  the  vessels  of  the 
intestinal  mucous  membrane. 

The  action  which  is  exerted  upon  the  food  bj'  the  digestive  fluids  is 
not  that  of  a  simple  chemical  solution.  It  is  a  traiisfonnation,  by 
which  the  ingredients  of  the  food  are  altered  in  character  at  the  sam3 
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time  thnt  they  Tin«lergni  the  process  of  litiucfiiction.  The  active  agent 
in  jiroducing  tliin  tbniige  ta  lii  every  iiisluiice  an  ulbujuinpid  or  Dttro- 
gcijoiia  matter,  which  forms  tlie  most  important  ingredient  ia  the 
digestive  lliiiil;  aii'l  whieh,  hy  coming  in  euutact  with  the  food,  exerts 
upon  it  a  peeuliur  action,  tninsforining  its  ingredients  into  new  sulv 
stances.  It  is  these  newly-formed  materials  which  are  Qnally  absorlKid 
by  the  vessels  and  ntiiiglcd  with  the  general  current  of  the  circuhition. 
In  the  humim  species  I  lie  first  process  to  which  tlie  food  is  subjected  is 
that  of  mnsticntiun,  while  it  is  at  the  same  time  mingled  with  the  saliva 
in  the  cavity  of  thti  mouth. 

Masticatioii. 

''^  Mastication  consists  in  the  cutting  nnd  trituration  of  the  food  by  the 
teeth,  by  which  it  is  redaccd  to  a  state  of  minute  subdivision.  The/ 
process  is  entirely  a  mechanical  one,  nnd  is  necessary  in  order  to  pre- 
pare tiie  food  for  tlio  suljsequent  iicticni  of  the  digestive  fltiids.  As 
this  action  is  clieniical  in  its  nature,  it  will  t»e  exerted  more  promptly 
and  efficiently  if  the  food  be  finely  divided  than  if  brought  in  con- 
tact with  the  digestive  fluids  in  a  solid  mass.  This  is  necessarily 
the  case  wlien  a  solid  body  is  subjected  to  the  action  of  a  84dvent 
fluid  ;  since,  by  being  broken  up  into  minute  particles,  it  offers  a  lacger 
surface  to  the  contact  of  the  fluid,  and  ia  more  readily  attacked  and 
dissolvetl  by  it. 

In  the  structure  of  the  teeth,  and  their  physiological  action,  there  are 
certain  marked  ditfcreucca,  corresponding  with  the  habits  of  the  animal 

and  the  kind  of  food  upon  which  it  subsists. 
'^'P'  ^^'  In  fish  and  serpents,  in  wbicli  the  food  is  swal- 

lowed entire,  and  in  which  the  process  of 
digestion,  acconUn^ly,  is  comparatively  slow, 
the  teeth  are  stm|)ly  organs  of  prehension. 
They  have  generally  the  form  of  sharp,  curved 

8i>ines,  with  their  points  set  backward,  and 
Skull  or   K att i.uBWiKB.  ,    .  111  ^^  -    1  1       » 

(AchUie  RichnfO.)  arranged  in    a  uonlile   or   tnple    row    about 

the  edges  of  tlic  jnwa,  and  sometimes  cover- 
ing the  mucous  surfaces  of  the  mouth,  tongue,  an<l  palate.  They  serve 
merely  to  retain  tlie  prt^y,  an<l  prevent  its  escafje,  after  it  has  been 
Seized  by  the  animal.  In  the  carnivorous  quadrupeds,  there  are  throe 
different  kinds  of  teeth,  ad!ipte<l  to  different  pur|M)»es.  (Fig,  30.) 
First,  the  incisors,  twelve  in  numl>er,  situaleti  at  the  anterior  part  of 
the  jaw,  sis  in  the  superior,  and  six  in  the  inferior  majtilla,  of  flat- 
tened form,  and  plaee<I  with  their  thin  edges  running  from  side  to  side. 
The  incisors,  as  their  name  indicates,  are  adapted  for  dividing  the  fooil 
by  a  cutting  motion,  like  that  of  a  pair  of  shears.  Behind  them  come 
the  canine  teeth,  or  tusks,  one  on  each  side  of  the  upfjcr  ami  under  jaw. 
These  are  long,  curved^  conical,  and  pointed  ;  and  are  used  as  weapons 
of  offence,  and  for  laying  hold  of  and  retaining  the  prey.     Lastly,  tlie 
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Fig.  30. 


molars,  eight  or  more  in  number  on 

each  eide,  are  larger  and  broader  than 

the  Incisors,  and  proviiled  with  serrated 

iges,  each   presenting  several  sharp 

'points,  arrange<i  generally  in  a  direo 

tion  parallel  with  the  line  of  the  jaw. 

In  these  animals,  mastication  1%  very 

imiterfoct,  since  the  Tood  is  not  ground 

tip,  but  only  pierce^l  and  mangled  Ity 

the  action  of  tlie  teeth   l>efore  being 

swnllowed  into  the  stomrjcb.  In  the 
^berbivora,  on  the  other  iian<l,  whose 
^Bjbod  is  more  easily  obtained,  but  ia 
^Keneraliy  more  bard  and  resisting  in 
^Hexture,  the  teeth  are  adapte<l  eajjecially  for  mastication.  In  the  rumi- 
Hbating  animals  generally,  the  qaiiine  teelh  a^S-  ^lUlting,  and  the  incisors 

are  present  only  Jn  the  lower  jaw.     In  the  horse  and  allied  BjMKiies^ 

the  incisor*  are  present  in  both  upper  and  lower  jnws  (Fig.  31),  and 
used  simply  for  cutting  olT  the  herbage  ujiou  which  the  animal  feeds. 

Fig.  31. 


SxTLL  OF  Polar  Bear.     Anterior  j 
view  {  •lioMPing  laeiaora  anil  c&niDca. 
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e  canine  teeth  are  absent  in  the  female,  and  only  sHghtly  developed 
in  the  male,  and  the  real  process  of  mastication  is  perforuieil  altogether 
by  the  molars.  These  are  large  and  thick  (Fig.  32),  and  present  a  broad, 
flat  surface,  diversifietl  by  variously  foldeil  and  projecting  ridges  ot 
ennmel,  with   shallow  grooves  b<'twccn   them.     IJy 

e    lateral   rubbing  motion  of  the  roughened  snr- 
s  against  each  other,  the  food  ie  eflectually  com- 
minuted and  reduced  to  a  pulpy  mass. 

In  the  gnawing  animnls,  rata,  mice,  squirrels,  rab- 
bits, and  hares,  tlie  incisor  teeth  are  developed  to  a 

roarkaMe  extent,  presentinij;  two  chisel-like  edges 
Opposed  to  each  other  in  the  upper  and  lower  jaws, 
and  growing  from  permanently  vascular  roots;  so 
that  their  waste  from  mechanical  attrition  ia  con- 
10 


Fig.  32. 
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Btantl^'  repaired,  and  the  animal  is  able  to  penetrate  the  hardest  BOl 
stances. 

In  the  huiufin  subjcet,  the  teeth  combine  the  characters  of  those  of  the 
caniivora.  and  the  herbivora.  (Fig.  33.)  The  incisors  (a),  four  in  num- 
ber in  each  jaw,  have,  as  in  other  instances,  a  cutting  edge  running  from 
sid3  to  side.  The  caiunes  (6),  whicli  are  situated  immediately  Ijehiiid 
the  forracr,  are  mueli  less  prominent  and  pointed  than  in  the  carnivora, 
and  differ  less  in  form  firom  the  incisors  on  tlie  one  hand,  and  the 

first  molars  on  the  other. 
The  molars  (c,  d)  sre 
thick  and  strong,  and  have 
comparativelv  flat  surfaces, 
like  those  of  the  herbivora ; 
but  instead  of  presenting 
curvilinear  ridges,  arc 
covered  with  more  or  less 
conical  eraiuences,  like 
those  of  the  carnivora.  In 
the  bmimn  subject,  there- 
fore, the  teeth  are  eviik-ntly 
adapted  for  a  mixed  diet, 
consisting  of  both  animal 
and  vegetable  food.  Mas- 
tication is  here  as  perfect 
as  in  the  herbivora,  though 
less  prolonged  and  Inbo- 
Tioua  ;  for  the  vegetable  Bubatances  used  by  man,  as  already  remarked, 
are  previously  separated  to  a  great  extent  from  their  impurities,  and 
softened  by  cooking;  so  ttiat  t!i03'  do  not  require,  for  their  masti- 
cation, so  extensive  and  powerful  a  triturating  ap[mratns.  Finally, 
animal  substances  are  more  completely  masticated  in  llie  huuisn  suliject 
than  in  the  carnivora,  and  their  digestion  is  accordingly  completed  with 
("•cater  rapidity. 

We  can  easily  estimate,  from  the  facta  above  stated,  the  importance, 
to  the  digestive  process,  of  a  thorouch  preliminary  mastication.  If  the 
food  be  hastily  swallowed  in  undivided  masses,  it  must  remain  a  long 
time  undissolvwl  in  the  stomach,  where  it  will  become  a  source  of  irri- 
tation and  disturbance;  but  if  reduced  beforehand,  by  mnsticntion,  to  a 
state  of  minute  snliflivision,  it  is  readily  attacked  by  the  digestive  fluids, 
and  becomes  speedily  and  completely  liquefied. 


'Ai' 


BumasTebtb— Ufprb  J  aw.— a.  InclBors.   b.  C«. 
nXnei.    c.  Anterior  molars,    d.  Poiterlor  moliktft. 


The  Saliva  attd  its  Action  upon  the  Food. 

The  saliva  is  a  compound  fluid,  derived  from  the  secretion  of  four 
different  glandular  organs — namely,  the  parotid,  submaxillary,  and  sub- 
lingufll  glands,  and  the  muciparous  glandules  of  tlie  cavity  of  the  mouth. 
All  these  glands  resemble  each  other  in  the  essential  points  of  their 
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4Cture,  their  substance  being  composetl  of  dis-  Fig.  34. 

tinct  Irregularly  spherical  or  ovoidal  masses, 
more  or  less  Oattened  iuto  a  polygonal  form  by 
lutttal  compression-  The  separate  divisions  or 
tubules  are  eonnecte<l  with  eorresjionding  ter- 
minal branches  of  the  salivary  »luet,  which  pene- 
trate into  their  interior,  and  there  divide  iuto 
smaller  tubes  each  one  of  which  finally  termi- 
nates in  a  rounded  sac  called  the  glandular 
follicle  or  alveolus.  The  appearance  presented 
upon  an  injection  of  such  a  lobule  is  as  if  the 
follicles  were  arrange<l  in  clusters,  like  grapes, 

)und  the  ends  of  the  i»maller  salivary  tubes. 

ig.  34.)     A  more  complete  examination  has 
shown,  however,  that  the  follicles  are  simply 

rounded   extremities    of   tubular   or   sac-like  offshoots    from   the 

Ijvary  tube;  and  th.Ht  it  is  the  windings  and  prolongations  of  the 
tul>c  itself  which  constitutes  the  secreting  follicle.^  of  the  gland.  The 
follicles  themselves  are  in  general  about  60  mmnu  in  diameter,  and 
are  lined  with  the  glandular  epithelium  ce//»,  which  cover  their  in> 
teraal  surface  and  nearly  fill  their  cavity ;  so  that  there  ia  frequently 
to  be  seen  only  a  comparatively  small  space  toward  the  central  part 
of  the  follicle,  containing  a  transparent  Quid,  produced  by  the  secreting 

Fig.  35. 


LiOBULS     or      pAROTiD 

Olavd  of  oewlf-born  In- 
fant, injected  wttb  mcicury. 
(Warner.) 
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Two  Samtabt  Tdbks  tbo*  tbx  Uobvlk  of  a  MnrirAROPsOt  axd,  entering 
the  nmln  duet.  — «.  Duet  of  the  lobula.  b.  SnliVAry  tube.  c.  FoIIIcIcr,  on  ooe  side,  n*  Ihrjr 
ap|i«Ar  t«  tUu.  d.  Foltlclp*  t^piirnted  from  e«eh  other,  ahowiag  the  wlndingi  Aad  offihouta 
of  the  ••UvAry  tube.    (Kolllker.) 

action  of  the  cells.  The  glandular  cells,  which  are  arranged  in  a 
single  layer,  are  finely  granular  bodies,  about  15  mmm.  in  diameter, 
each  one  provided  with  an  oval  nucleus,  situated  toward  the  external 
part  of  the  follicle.  The  cells  are  closely  packed  together,  and  are  of 
various  j)olygonal  forms. 

The  Molioary  tubes  or  rf»/c/«,  outside  the  fnllicles,  unite  into  larger  and 
Plarger  branches,  until  they  reach  the  principal  excretory  duct  of  the  glancL 
They  are  lined  with  a  layer  of  cells  M-hich  vary  in  form  from  those  of 
the  follicles,  Ijeing  elongate<l  and  cylindrical,  and  provided  with  a  nucleos 
which  ia  aituate<l  about  their  middle  portion.  It  is  very  probable  that 
the  epithelium  of  the  salivary  ducts,  as  well  as  that  of  the  follicles,  takes 


S»CTio»  or  TnK  SrBif AxiLLART  Glxxd  rROii  THE  Dotj.— a.  Ssllvary  duct, 
with  cylindrical  epithelium  and  e«ntral  oitvlty.  b.  Follicle,  with  i?t«uilular  epiihellum  and 
(entrnl  carlty.    (KOlllker.) 

and  lobules  arc  surrounded  with  a  delicate  layer  of  connective  tissue,  in 
wiiich  are  distributed  the  capillary  bloodvessels,  which  supply  to  the 
gland  the  materials  for  its  secretion. 
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Physical  and  Chemical  Propertien  of  the  SaZtua.— Human  saliva, 
jlaincci  directly  from  the  cavity  of  the  mouth,  ia  a  colQfless,  sHghtly 
Iscid,  and  alkaline  fliutl,  with  a  siK'cific  gravity  of  1.005.  When  lirst 
"  ^hargecl,  il  is  frothy  and  opaline,  holdini;  iirsuspension  mmiite  whitish 
:culi.  On  being  nllowed  to  stanil  for  some  hours  in  a  cylindrical  glass 
^jiiiel,  an  opaque,  whitish  A^ 

sit    coUpcts  at  the  bottom,  Fig.  38. 

ile  the  supenuitant  fluiil  bo- 
mea  clear.   The  deposit,  when 
ainined   by   the   microscope 
ig.  3H),  is  seen  to  consist  of 
lant     epithelium     scales 
m   the   internal    surface  of 
the   mouth,   detached   by   me- 
chanical     attrition,      minute, 
undish,   granular,   nucleated 
Us,     apparently     e|))thelium 
from   the  mucous   follicles,   a 
certain    amount    of    granular 
matter,  and  a  few  oil-globules. 
be   8UiM>matant  fluid  has  a 
int  bluish  tinge,  and  becomes 
ightly  opalescent  by  boiling, 
V  by   the   addition   of   nitric 
id.     Alcohol  in  excess  causes  the  precipitation  of  abundant  whitish 
culi. 

Accortling  to  the  analyses  of  Bidder  and  Schmidt,  the  composition 
of  the  6aliva  is  as  follows : 

Co>iPOStTio.v  or  THB  Saliva. 

Water 995.16 

Albaminoos  matter       .......  1.-^ 

Potaseium  sulphocynnide 0.06 

Calcareous,  nia(;n(>!iiuti,  und  alkaline  phosphates  .        .  0,98 

Sodium  and  potassium  cliturides    .....  0.84 

Mixlore  of  epitbeiiuiu I.C2 

1000.00 

It  will  be  seen  that  the  saliva  ia  one  of  the  least  concentrated  of  the 
digestive  secretions,  containing  but  n  very  small  quantity  of  organic 
matter,  and  by  no  means  a  large  proportion  of  mineral  salts  ;  its  watery 
iiiLin-dient  being  by  fttr  the  most  abundant,  as  compared  with  the  other 
;iiiiin!j  fluids.  The  albiuninous  matter  of  the  saliva  consists  of  a  small 
quantity  of  albumen^  coagulubte  by  the  ordinary  means ;  more  or  less 
»jiwro»t>j«?,  which  gives  to  the  fluid  its  slightly  viscid  character;  and 
pfyalinc,  a  substance  peeiitiar  to  the  saliva,  which  is  not  coagulated, 
like  albumen,  by  nitric  acid  or  potassium  ferrocyanide,  but  is  precipi* 


DrcrAL  Aiin  Olawdulaw  Kr<Tnsi.icw, 
with  ClranuUr  Mutter  mad  Otl-globulo*;  Ucpodtcd 
m»  •eOimeat  from  buman  tallTa. 
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tated  both  by  a  boiling  temperature  and  by  alcohol  in  excess.  Some 
of  these  reagents,  uccunliiigly,  precipitate  all  the  albuminous  matters 
of  the  saliva,  while  otLiers  jiroiluce  coagulation  oF  only  a  part  of  them. 
The  sodium  sulpbocyauide  of  the  saliva  may  be  detected  by  adding  to 
the  Becretion  a  small  quantity  of  a  solution  of  iron  chloride,  when  the 
characteristic  red  color  of  iron  sulphocyanide  is  produced.  A  similar 
retl  color  is  also  prudut-ed  bj'  the  action  of  the  ferric  salts  upon 
nteconic  acid^  or  the  luecoiiates ;  hut  the  two  substances  may  be  dis- 
tinguished from  e.ich  other  by  the  fact  that  the  red  color  caused  by  the 
presence  of  a  sulphocyanide  is  destroyed  by  the  addition  of  either  gold 
chloride  or  mercurial  bichloride,  neither  of  which  alfccts  the  tint  pro- 
duced by  mccouio  acid.  The  presence  of  a  combination  of  sulphocy- 
anogeu  in  huiuan  saliva  is  almost  constant,  and  we  have  never  failed  to 
find  it  in  the  freshly  collectetl  secretion  by  the  iron-chloride  test. 
Vierordt'  has  calculated  the  amount  of  potassiuni  sulphocyanide  in 
saliva  by  measuring  the  absorption  of  light  in  the  green  and  blue  por- 
tions of  the  spectrum  of  the  red  fluid  produced  on  the  addition  of  iron 
chloride;  and  has  fouud  it,  in  an  average  of  six  observations,  to  be  0.16 
parts  per  thousand. 

The  saliva,  like  various  other  nniranl  fluicls,  has  the  property  of  con- 
verting hydrated  starch  hito  glucose  if  mingled  with  it  at  or  about  a 
temperature  of  38°  (lOOOF.).  The  change  is  not  confined  to  precisely 
this  temperature,  but  will  go  on,  witli  diminished  rapidity,  both  above 
ami  below  it,  if  the  degree  of  cold  or  warmth  lie  not  too  great.  It  is 
entirely  suspended,  however,  at  or  near  the  freezing  point,  and  is  per- 
manently arrested  by  the  temperature  of  boiling  water.  It  depends,  in 
the  saliva,  upon  the  presence  oTplijaline,  which  acts  in  this  respect  like 
the  "^  diastase'*  of  certain  vcgetaVde  substances.  Like  other  similar 
matters  which  exert  a  so-called  '"^  catalytic"  action,  it  will  produce  its 
eflect  only  within  certain  limits  of  temi>erature,  and  is  most  cflleient  at 
about  the  warmth  of  the  living  body.  It  is  atlected  ditTerentty,  how- 
ever, by  the  action  of  culd  and  that  of  heat ;  fur  while  a  freezing  tem- 
perature only  Buspi'nds  it  fur  the  time  being,  and  allows  it  to  rerummenee 
when  moderate  warmth  is  again  applied,  a  boiling  temperature  at  once 
(coagulates  the  ptyaiine  and  destroys  its  catalytic  property.  Saliva, 
therefore,  which  has  been  boiled  for  a  few  instants  and  allowed  to  cool, 
is  found  to  have  permanently  lost  its  power  of  transforming  starch 
into  sugar.  h 

This  action  of  human  saliva  on  hydrated  starch  takes  place  sometimes^ 
•with  great  rapidity.     Truces  of  glucose  may  often  be  detecteil  in  the 
mixture  in  one  niiimte  after  the  two  substances  have  been  brought  in 
contact ;  and  we  have  even  found  that  starch  paste,  introduced  into  the 
cavity  of  the  mouth,  if  already  at  the  temiwrature  of  38°,  will  yieldfl 
traces  of  sugar  at  the  end  of  half  a  minute.    The  rapidity,  however,  with 


'  Anwenduiig  dea  BpcctralapparatcB  ear  Photometrie  der  Absorptioi 
TiibiDgen,  1«73,  p.  U7. 
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trbich  this  action  Is  inanifosted,  varies  very  much,  as  formerly  noticed 
by  Lehmaun,  tit  different  times;  and  it  is  frciiueutly  impossible,  even 
with  the  mixture  kept  steadily  at  the  temperature  of  Sti'^,  to  find  any 
evidence  of  sugar  under  five,  ten,  or  fifteen  minutes.  This  ditrerence 
depends  probably  upon  the  varying  constitution  of  the  saliva  itself. 

Notwithstanding  the  rnpiility  with  which  glucose  begins  to  show  itself 
in  a  mixture  of  eoliva  with  boiled  starch,  this  action  is  not  a  very  ener- 
getic one;  that  is,  only  a  very  small  quantity  of  the  starch  is  converted 
into  glucose  within  a  given  time,  the  greater  portion  remaining  un- 
changeiL  Tliia  is  proved  by  the  fact  that  such  a  mixture  will  show 
the  characteristic  reaction  of  starch  with  iodine  long  after  Fehling'a 
lest  has  shown  the  existence  of  traces  of  glucose.  If  a  weak  solu- 
tion of  boiled  starch,  made  in  the  proportion  of  3  parts  of  starch  to 
100  parts  of  water,  be  mixed  with  ouc-tbird  of  its  volume  of  fresh  human 
saliva  and  placed  in  the  water-bath  at  the  temperature  of  38°,  it  will 
oft.en  give,  in  one  minute,  a  prompt  sugar-reaction  with  Fehling's  test; 
but  it  also  contains,  at  the  same  time,  an  abunihmce  of  unrdtercd  starch. 
Even  at  the  end  of  an  hour,  according  to  our  own  observations,  the  starch 
is  far  from  being  entirely  converted,  as  the  mixture  will  still  give  a  strong 
purple-blue  color  on  the  addition  of  iodine.  The  same  persistence  of 
starch  in  considerable  proportion  may  bo  seen  when  the  mixture  is 
retainc<l  in  the  mouth  itself.  If  a  thin  paste  of  hj'driitetl  starch,  con- 
taining no  traces  of  sugar,  be  taken  into  the  mouth  and  thoroughly 
mixe<l  with  the  buccal  secretions,  it  will  often,  as  above  mentioned, 
begin  to  show  the  reaction  of  glucose  in  half  a  minute;  but  Borao  of  the 
starchy  matter  still  remains,  and  will  continue  to  manifest  its  character- 
istic reaction  with  iodine  for  fifteen  or  twenty  minutes,  or  even  for  half 
in  hour. 

TIjc  secretions  produced  by  the  diflercnt  salivary  glands  vary  some* 
what  in  their  phys^ical  i>ro((urtics,  especially  iu  the  degree  of  tlieir  vis- 
ciditj',  depending  mainly  u|)on  the  quantity  of  mucosine  present.  The 
parotid  saliva  is  obtaJntd  in  a  state  of  purity  from  the  dog  by  exposing 
the  duct  of  Steno  where  it  crosses  the  masseter  muscle,  and  introducing 
into  it,  through  an  artificial  opening,  a  silver  canula.  The  secretion 
then  runs  directly  from  its  external  orifice,  without  being  mixed  with 
that  of  the  other  salivary  glands.  It  is  clear,  limpid,  and  watery,  and 
without  the  slightest  viscidity.  The  submaxillary  saliva  is  obtained  in 
a  similar  manner,  by  inserting  a  canula  into  Wharton's  duct.  It  dif- 
fers from  the  parotid  secretion,  so  far  as  its  physical  properties  are 
concerue<l,  chiefly  in  pos^ssing  a  well  marked  \'i8cidjty.  The  sublinfjunl 
sadivais  also  colorless  and  transparent,  and  possesses  a  greater  degree  of 
viscidity  than  that  from  the  snl>mnxillary.  The  secretion  of  the  muci- 
parous glandules,  which  forms  properly  a  part  of  the  saliva,  is  obtained 
by  placing  a  ligature  simultaneously  on  ^V^larton'8  and  Steno's  ducts, 
and  on  that  of  the  sublingual  gland,  so  as  to  shut  out  from  the  mouth 
all  the  glandular  salivary  secretions,  and  then  collecting  the  fluid  se- 
creted by  the  buccal  mucous  membrane.    This  fluid  is  very  scanty,  and 
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uiiifh  more  viscid  than  either  of  the  other  Bocrctions ;  bo  much  so,  that 
it  cauQot  be  poured  out  in  drops  when  received  in  a  glass  vessel,  but 
adheres  strongly  to  the  surface  of  the  glatis.  AH  the  salivary  secretious 
are  alkaline  in  reaetiou. 

We  have  obtained  the  parotid  sah'i'a  of  the  human  subject  in  a  sta 
of  ])urity  by  introducing  directly  into  the  orifice  of  Steno's  duct 
.Bilvcr  canuhi  a  little  over  one  millimetre  in  diameter.  The  other  ex- 
'tremity  of  the  eannla  projecta  from  the  mouth  between  the  lips,  and 
the  saliva  is  collected  as  it  runs  from  the  open  onfic*e.  This  method 
gives  results  much  more  valuable  than  observations  made  on  salivary 
fistulie  and  the  like,  since  the  secretion  is  obtained  under  perfectly 
healthy  conditions,  and  unmixed  -with  olher  uniniid  fluids 

The  result  of  many  dillerent  observations,  cotulticted  in  the  manne: 
above  described,  is  that  tlie  human  parotid  saliva,  like  that  of  the  dog, 
is  colorless,  watery,  and  distinctly  alkaline  in  reaction.  It  ditfers  from 
the  mixed  saliva  of  tbe  nioiitlt,  in  being  perfectly  clear,  without  tur- 
bidity or  opalescence.  Its  flow  is  scanty  while  the  cheeks  and  jaws 
remain  at  rest;  but  as  soon  as  the  nrovemcnts  of  mastication  are  excited 
by  the  introduction  of  food,  it  runs  in  much  greater  abundance.  We 
have  collected,  in  this  way,  from  the  parotid  dnct  of  one  side  only,  in  a 
healthy  man,  31.1  grammes  of  saliva  in  the  coarse  of  twenty  minutes  ; 
and  in  seven  Buccessive  observationsj  made  on  different  days,  comprising 
in  all  three  hoora  and  nine  minutes,  we  have  collected  a  little  over  194 
grammes. 

The  parotid  saliva  obtained  in  this  way  has  been  analyzed  by  Prof. 
Maurice  Perkins,  with  the  following  residt: 

CoMPOsrrioN  or  IltJtiAN  Parotid  Saljta, 

Water 983.308 

Orguiiie  matter  precipitable  by  alcohol      ....  7.352 
Substance  destructible  by  heat,  but  not  precipitated  by  alcohol  4.810 

Bodium  eulphocyauide        .......  0.330 

Lime  phosphate 0.240 

Potassium  chloride 0.90O 

Sodium  cbloiide  aud  carboaato 3.060 

lOOO.OOO 

Prof.  Perkins  found,  in  acconlanee  with  onr  own  obscTvations,  that 
the  fresh  parotid  saliva,  when  treated  with  iron  chloride,  showed  no 
evidences  of  sulphocy^'^ogen ;  but  after  the  org.onic  matters  had  been 
precipitated  by  alcohol,  the  liltered  fluid  was  found  to  contain  an  appre- 
ciable quantity  of  sulphoeyanidc. 

The  parotid  saliva,  accordingly,  differs  from  the  mixed  saliva  of  the 
(pioath  in  containing  some  substance  which  masks  the  reaction  of  aul 
phocyanogcn.  If  the  parotid  saliva  and  that  from  the  mouth  Ik?  drawn 
from  the  same  person  within  tbe  same  hour,  the  addition  of  iron  chloride 
will  produce  a  distinct  red  color  in  the  latter,  while  no  such  change 
takes  place  in  the  former.     And  yet  the  parotid  saliva  itself  contains  a 
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liulphocyanide  which  may  be  detected,  a3  we  have  seen,  after  the  organic 

[matlers  have  been  precipitateti  by  alcohol. 

Both  the  parotid  saliva  and  that  IVum  the  submaxilhiry  gliind  in  the 
human  subject  coutaii»  ptyaliue,  but  thiy  dilfL-r  cotisiiterably,  as  iu  the 
case  of  the  lower  animals,  in  their  degree  of  viscidity. 

ifofle  of  Secretion  of  Ike  Saliva. — The  different  salivary  glands  vary 
in  the  quantity  of  fluid  secreted  by  them  and  in  the  tliffereut  iutluences 
which   excite   them   tu  activity.     As  shown   by  IJernurd,  the  parotid 

/'Bt^iva  is  mo3t  abiuidiuitly  poured  out  uutk-r  the  stimulus  of  auythiug 
which  excites  the  movement  of  the  jaws,  as  iu  the  mftsticutiou  of  dry 

y8ul>stances,  or  continuous  8|H'akii>g;  while  that  of  the  submaxillary  is 
esjieeially  increased  by  the  introduction  of  auh-sLauces  whirh  excite  the 
J8C  of  tAste.  According  to  the  same  experiments,  the  secretion  of  the 
lubMngiial  glands  in  the  dog  is  particularly  excited  at  the  moment  of 
ii'glutition,  and  aids,  together  with  that  of  the  muciparous  glandules,  in 
Icbricjtting  the  surface  of  the  mouth  an<l  fnuevH,  iiml  iu  fat-i[itujtiijg  the 
jassage  of  the  mastii^ated  food  through  the  (esophagus.  Colin,  in  expe- 
rimenting upon  the  horse  and  the  ox,'  found  also  that  the  parotid  saliva 
in  these  auimals  is  abundantly  excited  by  the  movi-ments  of  mastication^ 
but  not  by  the  simple  contact  of  sapid  substances  with  ttie  mucous  meia- 
brane  of  the  mouth ;  while,  on  tlic  other  haml,  the  secretion  of  the  sub- 
maxillary saliva  is  considerably  increased  by  introduction  into  tiie  mouth 
of  substances  having  a  marked  taste.  Both  the  ]»!irc)tid  and  suhmjixilhury 
pcretions  are  abundant  while  the  imiraal  is  feeding,  their  quantity  being 

fproportional  to  the  rapidity  of  mastication  and  the  stqiid  quality  of  the 
alimentary'  substances.  They  are  both  ettlier  suspended  or  very  much 
diminished  during  abstinence.  In  the  ru^ijnants,  however,  the  sublingual 
saliva,  like  the  submaxillary,  is  excited  by  sapid  stilwtances;  it  is  also 
secreted  continuously  while  the  animal  is  feeding,  and  not  simply  at  the 
moment  of  deglutition.  It  continues  to  be  secreted  during  abstinence, 
and  contributes  to  the  supply  of  fluid  by  which  the  surfaces  are  kept  in 
a  moist  condition. 

Another  fact  observed  by  Colin  which  indicates  the  different  nervous 
influences  by  which  the  salivary  glands  are  controlled,  is  that  in  the 
ruminant  animals  while  feeding  both  the  parotid  and  submiixillary 
glands  furnish  an  abundant  supply  of  saliva;  but  during  the  process  of 
iimination,  although  the  parotid  glands  are  in  full  secretion,  dischargingfjj 
requently  as  much  as  900  grammes  of  srdiva  in  a  quarter  of  an  hour, 
khe  submaxillary  glands  are  entirely  inactive  or  produce  only  an  insig- 
liflcant  quantity  of  fluid.    Colin  has  also  found  tlint  in  the  horse  an<l  ass, 

'«8  well  as  in  the  ox  and  other  ruminating  animals,  the  parotid  glands  «)f 

the  two  opposite  sides,  during  mastication,  are  never  in  active  secretion 

It  the  same  time;  but  that  they  alternate  with  each  other,  one  remnin- 

]g  quiescent  while  the  other  is  active,  and  vice  verf(d.     In  these  animals 

lastication  is  said  to  be  unilateral,  that  is,  when  the  animal  commences 
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feeding  or  ruminating,  the  food  is  triturated  for  fifteen  minutes  or  more 
by  the  molurs  of  one  aide  only.  It  is  tbeu  ehangeil  to  the  opposite  side|^|j 
and  fur  the  next  fifteeu  miuutea  mastication  is  perfurmed  by  the  molars^" 
of  tliat  Bide  only.  It  is  then  eliauged  baok  again,  and  so  on  Jilternately, 
BO  thut  tliu  direction  of  the  lateral  moveuieuta  ol'  the  jaw  may  be  reversed 
many  times  during  tbe  course  of  a  meiU,  By  establishing  a  salivary 
fistula  simultaneously  on  each  side,  it  is  found  that  the  flow  of  saliva 
corresponds  with  the  direction  of  the  masticatory  movement.  When 
the  utiiiuul  nirtsticates  on  the  right  side,  it  is  tbe  right  parotid  which 
secretes  actively,  while  but  little  saliva  is  supplied  by  the  left;  when 
masLicution  is  oa  the  lelt  side,  the  left  parotid  pours  out  an  abundance 
of  fluid,  while  the  riyht  is  nearly  inactive. 

We  have  observed  a  similar  alternation  in  the  flow  of  parotid  siUiva 
in  the  human  subject,  when  mastication  is  changed  from  side  to  side. 
Jn  an  experiment  of  this  kind,  the  tube  being  insertetl  into  the  parotid 
duct  of  tbe  left  side,  the  qiumtity  of  saliva  discharged  during  twenty 
minutes,  while  mastication  was  jjerfonucd  mainly  on  the  opposite  side 
of  tlie  moutb,  was  8.30  grammes;  while  the  quantity  during  the  same 
period,  mastication  being  on  the  same  side  of  the  mouth,  was  24.25 
grammes — being  nearly  three  times  as  much  in  the  latter  case  as  in  the 
former. 

Daihj  Quantify  of  the  Saliva. — Owing  to  the  physiological  variations 
in  the  rapidity  of  secretion  of  the  saliva,  and  also  to  tbe  fact  that  it  is 
not  excited  in  the  same  way  by  artilicial  stimulus  as  by  tbe  presence  of 
food,  it  ia  somewhat  ditlkndt  to  ascertain  with  exactness  its  total  daily 
qnaivtit}".  The  first  atlemfits  to  do  so  were  made  upon  patients  affected 
with  fistula  of  the  parotid  duct^  and  tbe  amounts  collected  were  so  small 
as  to  lead  to  tbe  conclusion  that  tlie  entire  quantity  secreted  by  nil  the 
glands  was  not  more  than  ten  or  twelve  ounces,  or  about  350  grammes 
per  day.  As  in  tiiese  cases,  however,  the  subjects  of  ex[x.'riment  were 
not  in  a  healthy  condition,  and  as  the  proportion  in  quantity  between  the 
parotic!  mdiva  and  that  secreted  by  the  remaining  glands  must  necessarily 
be  a  matter  of  cnnjectui-e,  tbe  above  calculation  could  bardly  be  regarded 
as  correct.  Biilder  and  i^chmidt,'  from  the  results  of  direct  observation, 
were  le<l  to  make  a  hii^her  estimate.  One  of  these  observers,  in  experi- 
menting upon  himself,  coiiected  from  tbe  mouth  in  one  hour,  without 
using  any  artificial  stimulus,  i)7  grammes  of  saliva;  and  calculates, 
tljerefore,  the  amoniit  secreted  daily,  making  an  altowance  of  seven 
hours  for  sleep,  as  not  far  from  1620  grammes. 

On  refwating  this  ex[)eriment  we  have  not  been  able  to  collect  from 
the  mouth,  without  artificial  stimulus,  more  than  36  grammes  of  saliva 
pf^r  liour.  This  quantity,  however,  may  be  greatly  increased  by  the 
introduction  into  the  mouth  of  any  smootb  unirritating  substance, 
as  glass  beads  or  the  like ;  and  during  the  mastication  of  food,  the 
saliva  ia  poured  out  in  very  much  greater  abundance.     The  sight  and 

'  Yerdaaongssaefte  uad  StoDTwechaftl.    Leipzig,  1852,  p.  I 
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odor  of  nutritious  food,  when  tbe  appetite  is  excited,  will  stimulate 
to  a  remarkable  dogree  the  flow  of  saliva;  and,  as  it  is  often  expressed, 
"  bring  the  water  into  tlie  mouth."  Any  estimate,  therefore,  of  the  total 
quantity  of  saliva,  based  on  the  amount  secreted  iu  the  intervals  of  niiis- 
tication,  would  be  inii>erft!Ct.  We  may  make  a  tolerably  accurate  calcu- 
lation, by  ascertaining  how  much  is  really  secreted  during  a  meal,  over 
and  above  that  which  is  i)ro<luced  at  other  times.  We  have  found,  by 
experiments  performed  for  this  purpose,  that  wheaten  bread  gains  during 
complete  mastication  5o  per  cent,  of  its  weight  of  saliva;  au«l  that  fresh 
cooked  meat  gains,  under  the  same  circumstances,  48  per  cent,  of  its 
weight.  We  have  already  seen  that  the  daily  allowance  of  these  two 
substances,  for  a  man  in  full  health  and  activity',  is  about  540  grammes 
of  bread  and  450  grammes  of  meat.  The  quantity  of  sidiva,  accordingly, 
employed  iu  the  mastication  of  these  two  substances  is,  for  the  bread 
297  grammes,  and  for  the  meat  21 G  grammi-'s.  If  we  now  calculate  the 
quantity  secreted  between  meals  as  conliuidng  for  twenty-two  hours  at 
the  rate  of  36  grammes  per  hour,  we  have : 

.   Saliva  required  for  tbo  masticatioa  of  bread  =  297  grammes. 
"     "  "  "    meat  =  '216 

"    secreted  in  iotcrvals  of  meals  =  792        " 

Total  quantity  per  day,  a  little  over         1300        " 

Phymological  Action  of  the  Salioa, — Tho  princip>d  function  of  the 
saliva  is  undoubtedly  to  raoiston  the  food  and  provide  in  this  way  for  its 
further  solution,  and  es[>ecially  to  assist  in  mastication,  by  which  the 
food  is  converted  into  a  puttaceous  mass.  This  is  mainly  accomplished 
by  the  watery  ingredients  of  the  secretion,  while  the  albuminous  matters 
contained  in  it  not  only  aid  in  giving  to  tlic  masticated  food  the  requi- 
site consistency,  but  also  net  by  Uibricating  its  surface,  and  fncilitating 
its  deglutition.  This  is  evident  from  the  fact  that  the  principal  trouble 
which  results  from  absence  or  deficiency  of  tho  saliva  is  a  diUlculty  in 
the  mechanical  processes  of  mastication  and  swallowing.  P'ood  which 
is  hard  and  dry,  like  crusts  or  crackers,  cannot  be  mnstieated  and 
swallowed  with  readiness,  unless  moistene<l  by  some  fluid.  If  the 
saliva  be  prevented  from  entering  the  cavity  of  the  mouth,  its  loss 
does  not  interfere  directly  with  the  chemical  changes  of  tho  food  in 
digestion,  but  only  with  its  pliysical  preparation.  This  is  the  result 
of  ilirect  ox[K"rinH'nts  {.K-rformerl  by  various  observers.  Bid<lcr  and 
Schmidt,'  after  tying  Steno'a  duct,  together  with  the  common  duct  of 
the  8ul>maxillaTy  and  sublingual  glands  on  both  sides  in  the  dog, 
found  that  the  immediate  etfect  of  such  an  openition  was  "a  remark- 
able diminution  of  the  flui<ls  which  exude  upon  the  surfaces  of  the 
mouth ;  so  that  these  surfaces  retained  tht^ir  natural  moisture  only  so 
long  as  the  mouth  was  closed,  and  readily  became  dry  on  exposure  to 
the  air.     Accordingly,  deglutition  became  evidently  difficult  and  lubo- 


'  YerdauuDgssaefte  nod  Stoflfwechscl,  p.  3. 


nous,  not  only  for  tlrj'  food,  like  bread^  but  even  for  that  of  a  toleiably 
moist  consistency,,  like  fresli  meat.  The  animals  also  became  very 
thirst}',  and  were  constantly  ready  to  drink." 

Bernard'  also  found  that  the  oidy  marked  etfeot  of  cutting  otT  the  flow 
of  saliva  from  the  mouth  was  a  ditlicidty  in  tlu;  nu-ciituiifal  processes  of 
mastication  and  deglutition.  He  flr.'^t  ndminiijtcred  to  a  horse  500 
prammes  of  oats,  in  order  to  ascertain  the  rapidity  witli  which  mastica- 
tion would  naturally  be  accomplished.  The  above  quantity  of  grain  was 
thoroughly  masticated  and  swallowed  at  tin.-  end  of  nine  minutes.  An 
oj)ening  had  been  previously  made  in  tbe  ce90j>hagus  at  the  lower  part 
i.>f  tlie  neck,  so  that  mjne  of  tbe  food  reached  the  stomach;  but  each 
moutldul,  as  it  passe^l  down  the  oesojyhagus,  was  received  at  the  uesopba- 
geal  opening  and  examined  by  tbe  experimenter.  The  parotid  duel  on 
each  side  of  the  face  was  then  divided,  and  another  similar  qimutity  of 
oats  given  to  the  animal.  Mastication  and  deglutition  were  botli  found 
to  be  immediately  retarded.  The  alimentary  musses  passed  down  the 
oesophagus  at  lunger  intervals,  and  their  Ulterior  was  no  longer  muist 
and  pnsty,  as  Ijefore,  but  dry  and  brittle.  Finidly,  at  the  end  of  twenty- 
five  minutes,  the  animal  had  succeeded  in  mastifsiting  and  swallowing 
onl}'  about  three-quarters  of  the  quantity  which  he  had  previously  dis- 
posed of  in  nine  minutes. 

It  apjjears  from  the  experiments  of  Magcndie,  Bemanl,  and  Las- 
saigne,  on  horses  and  cows,  that  the  qnanlity  of  salii'a  absorbe<l  by 
the  food  during  niastieation  is  in  direct  proportion  to  its  hardness  and 
dryness,  liut  lias  no  particular  relation  to  its  chemical  qutdities.  These 
experiments  were  performed  as  follows:  The  oesophagus  was  opened  at 
the  lawer  part  of  the  neck,  and  a  ligatun^  placed  upon  it,  between  the 
wound  and  the  stomach.  The  animal  was  then  supplied  with  a  pre- 
viously weighed  quantity  of  food,  and  this,  as  it  passed  out  by  the  oaso- 
phageal  opening,  was  receive*!  into  a[ii«ropriatje  vessels  and  ag^iun 
weighed.  Tlie  <lifference  in  weight,  before  and  aftef  swallowing,  indi- 
cate<l  tl»e  quantity  of  saliva  absorbed  by  the  food.  The  following  table 
gives  the  results  of  some  of  Lasaaignc's  ox|)eriments,  performed  ui>on  a 
horse. 

KJnd  of  Food  employed.  Qaaatlty  of  SaIIt*  Rliaorbed, 

For  100  parts  of  hny 400  parts. 

"  barley  meal 186      " 

"  oat«      .        ,        .        .        .        .        .     113      " 

"  preeD  etalks  anH  leaves        .        .        .      49      " 

It  is  evident  from  tlie  above  facts,  that  the  quantity  of  saliva  pro- 
duced has  not  so  much  to  do  with  the  cliemical  character  of  the  food 
as  with  its  jihysical  conditi<m.  When  the  foo<i  is  dry  imd  hard,  and 
requires  much  niasti<atiou,  the  saiiva  is  secreted  in  abundance;  when  it 
is  soft  and  moist,  a  smaller  quantity  of  the  secretion  h  poured  out;  and 
finally,  when  the  foo<l  is  taken  in  a  fluid  form,  as  soup  or  milk,  or 
reduced  to  powder  and  moistened  artificially  with  a  large  quantity  of 
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vater,  it  is  not  mixed  at  all  irith  saliva,  but  passes  at  once  into  tbe 
cavity  of  the  stomach. 

A  difference  of  opinion  exists  among  various  authors  as  to  wliether 
the  trjuisl'ormiug  puw^-r  of  Ibe  saliva  upon  starch  be  also  an  essential 
part  of  its  physiological  action,  if  the  digestion  of  Iho  foo<l  took  place 
in  the  cavity  of  the  mouth,  or  if  it  were  retained  there  for  any  consider- 
able time,  there  would  be  no  doubt  in  this  respect.  But  in  reality  the 
fooii  is  in  only  niouicntary  passage  though  the  mouth,  remaining  there 
merely  long  enough  to  aJlow  for  inasticutioti.  \Ve  have  already  seen 
that  this  time  is  too  short  to  complete  the  conversion  into  gkicosc 
of  even  the  small  quantity  of  starch  contained  in  a  dilute  solution, 
much  more  so  the  abiimlant  semi-solid  slarchy  matters  of  bread  or 
vegetables.  There  can  be  no  question  wh.-itever  that  in  point  of  fact, 
tbe  starchy  elements  of  tiic  fowl  are  not  digested  or  irausfurtned  to  any 
considerable  extent  while  in  the  cavity  of  the  mouth.  They  are  swal- 
lowed into  the  stomach  with  by  far  their  greater  portion  still  unchanged. 
Some  observers  (Schiff,  F.  G.  Smith,  Flint,  Kanke,  liruirtou)  believe 
that  the  transfonuing  action  of  the  saliva,  which  is  commenced  in  the 
mouth,  may  continue  subsetiuently  in  the  stomach  in  presence  of  the 
gastric  juice.  Others  (Cernurd,  Rubin,  Colin)  assert  that  the  action 
of  the  saliva  on  starch  ia  arrested  by  the  gastric  juice,  and,  as  a  mutter 
of  fact,  does  not  go  on  in  the  stomach.  This  discrepancy  no  doubt 
depends  partly  upon  ditTerences  in  the  mode  of  experimentation;  some 
writers  contenting  themselves  with  testing  the  effect  of  dilute  acids  only 
on  the  saliva,  others  using  tiie  gastric  juice  itself.  The  proportion  in 
which  the  two  secretions  are  mingled,  also  makes  a  difference  in  the 
result,  and  the  properties  of  eitlier  one  may  vary  somewhat  according 
to  the  time  at  which  it  is  collected.  Our  own  observations  lead  to 
the  conclusion  that  gastric  juice  certainly  interferes  with  the  chemical 
action  of  saliva,  usually  to  a  very  marked  degree,  when  mingled  Avith  it 
in  equal  volumes.  If  we  take  fresh  unQltered  human  saliva,  which  is 
shown  by  a  preliminary  experiment  to  be  capable  of  producing  a  prompt 
BUgar-reaction  in  a  solution  of  boiled  starch  at  the  end  of  one  minute, 
mix  it  with  an  equal  volume  of  freshly  colkctetl  gastric  juice  from  the 
dog,  then  add  the  starch-solution,  and  place  tlie  mixture  in  the  water- 
bath  at  the  temperature  of  38^  (100>^F.),  there  is  no  sugar-reaction 
whatever  at  the  end  of  five  minutes,  and  only  an  imperfect  one  in 
half  an  hour;  while  at  the  end  of  an  hour  there  may  be  distinct 
reduction  by  Fehling's  test.'  But  if  three  volumes  of  gastric  juice 
be  added  for  one  volume  of  saliva,  the  mixture  gives  no  indication  of 
sngar  even  at  the  end  of  an  hour.  Ah  oil  observations  tend  to  show 
that  the  gastric  juice  is  naturally  secreted  in  much  larger  quantity  than 
the  saliva,  these  proportions  undoubtedly  indicate,  more  nearly  than 


'  In  these  examinations  the  fluid  mixture  is  always  treated  with  animal  char- 
coal previously  to  applying  Fehliug's  test;  olberwise  the  albumioous  matter  of  llie 
■ecretiona  would  interrere  with  its  certainty. 
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the  former,  the  relative  qwantities  in  which  the  two  secretions  arc, 

present  in  tlii'  stoniauh  during  ordinary  digL'stioii. 

Experiments  upon  tlie  lower  animals,  provided  with  gastric  fistulae, 
ahow  riirthermore  that  in  them  starch  is  not,  in  point  of  fact,  converted 
into  fcugar  in  the  stomach.  In  the  dog,  the  liorse,  the  sheep,  and  the 
ox,  jieeording  to  lieriiard,  SeliiU',  and  Colin,  the  action  of  saliva  upon 
hydraled  starch  is  distinct,  though  less  rapid  than  that  of  the  human 
subject.  In  the  gnawing  animiJs  generally  it  is  present,  and  in  the 
guinea  pig,  according  to  SchitT,  is  more  decided  than  in  man.  But 
if  a  do^,  with  a  gastric  flstuta,  be  fed  with  a  mixture  of  m»"at  and 
boiled  Htareli,  and  portions  of  the  fluid  contents  of  the  stomach  with- 
drawn afterward  through  the  fistula,  the  starch  is  easily  recognizable 
by  its  reaction  with  iodine  for  ten,  fifteen,  and  twenty  minutes  after- 
ward. Jn  forty-five  minutes  it  is  diminished  in  quantity,  and  in  orie 
hour  has  usually  disapi)eared ;  but  no  sugar  is  to  be  detected  at  any 
time.  Sometimes  the  starch  disappears  more  rapifUy  than  this;  but  at 
no  time,  acconling  to  our  observations,  is  there  any  indication  of  the 
l>re8enco  of  sugar  in  tlie  gastric  fluids.  Benmrd'  has  shown  the  same 
want  of  transformation  in  the  dog's  stomach  after  swallowing  a  mix- 
ture of  hydrated  starch  with  ordinary  food.  Briicke,'  in  dog»  fed  with 
Btarch  pa.ste,  found  in  the  stomach  more  or  less  unchanged  starch,  and 
either  no  sugar  or  only  traces  of  it,  after  the  lapse  of  from  one  to  five 
hours.  This  does  not  depend  u|ion  any  want  of  power  in  dogs  to  digest 
hydrated  starch,  since  this  substance  is  converted  into  glucose  in  these 
animals  with  great  promiititude  on  arriving  in  the  duodenum,  by  the 
infinenee  of  the  pancreatic  and  intestinal  juices. 

It  id  also  an  important  consideration,  in  this  respect,  that  the  saliva 
exerts  its  transforming  power  only  upon  starch  which  has  been  cooked 
or  hydrated.  All  observers  agree  that  it  is  nearly  or  quite  without 
action  upon  raw  starch,  which  remains  unchanged  in  contact  with  it  at 
all  temperatures.  But  in  the  herbivorous  animals,  where  the  salivary 
glands  are  at  least  as  fully  developed  and  the  saliva  as  abundant  as 
in  man,  the  starchy  elements  of  the  food  are  habitually  taken  in 
the  raw  state.  Even  in  the  ruminating  animals,  where  the  food  is 
retained,  for  some  time  after  the  fir.st  mastication,  in  the  paunch, 
unmixed  with  gastric  juice,  it  does  not  undergo  there  the  sugar- 
conversion.  I'rof.  Francis  0.  Smith,  in  a  series  of  experiments  upon 
Alexis  St.  Martin,  all'ected  with  a  gastric  fistula,  in  1856,"  withdrew 
the  contents  of  tlie  stomach  two  ami  a  hjUf  hours  after  bread  had  been 
raasticiited  (ind  swallowed ;  and  in  the  mixed  fluids  bo  obtaincl,  he 
detected  at  the  end  of  that  time  unchanged  starch,  both  by  the  raicro- 
Bcope  and  by  the  iodine  test.  Glucose  was  also  found  in  the  fluid,  bnt, 
as  bread  nearly  always  contains   glucose,  it  is  uncertain   how  much, 
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if  any,  had  been  produced  by  transformation  of  the  starch.  Colin' 
as  found  the  farinaceous  matter  of  oats  and  of  staruhy  roots  recogniz- 
able by  its  iodine  reaction,  after  tliese  substances  had  remained  in  the 
first  stomach  of  the  ox,  mixw.1  with  saliva^  for  twenty-four  hours.  The 
Kune  observer  iutroduccil  into  the  interior  of  the  paunch,  through  a 
flsLuln,  small  muslin  bags  containing  uncooked  potato  starch,  which 
wer«  found  in  the  same  cavity,  still  full  of  unaltered  starch,  at  the  end 
of  twenty  and  twenty-two  houi-a.  It  is  worth  remcuiberiiig  furthermore 
tliat  the  salivar}'  glands  and  their  secretion  are  also  abundantly  devel- 
oped in  the  carnivora,  whose  food  never  in  the  natural  condition  con- 
tains starch  as  an  ingredient. 

It  appears  evident,  therefore,  that  the  chemical  action  of  the  saliva  in 
tlie  lower  animals  forms  no  part  of  the  natural  process  of  digestion; 
And  that  in  man  it  is  insignitlcant  in  aiuouut,  and  quite  subordinate  to^ 
that  of  other  digestive  fluids.  In  both  animals  and  man,  however,  and 
in  the  carnivora  as  well  as  in  the  herbivora,  its  physical  properties  are  \ 
important  in  accomplishing  the  processes  of  mastication  and  deginli- 
tioru 

iMostication  is  aided  and  controlled  in  great  measure  by  the  sen- 
Bibilities  of  toju^h  and  taste,  residing  in  the  surface  of  the  tongue  and 
otlier  jiarts  of  the  mucous  membrane.  The  sense  of  taste  notifies  us 
of  the  alimentary  qualities  of  the  food  taken  into  the  mouth,  and 
its  sapid  qualities  must  be  fully  brought  out  by  the  comminution  and 
moistening  of  the  food  before  mastication  is  complete.  The  taste  itself 
depends,  for  one  of  its  essential  conditions,  upon  a  sufficient  snpjily  of 
.saJUva,  and  this  ia  by  no  means  an  unimportant  function  of  the  secretion. 
No  substance  can  pmsLuce  an  imjiressiou  ujwn  the  nerves  of  taste  unless  ' 
it  be  in  a  fliiiijprm  and  capable  of  absorption  by  the  mucous  membrane.  J 
The  saliva  produces  this  effect  upon  the  soluble  ingredients  of  the  food, 
and  brings  them  in  contact  with  the  pa|)illai  of  the  tongue  in  sufllcient 
quantiiy  to  pro<luce  a  gustatory  sensation. 

The  general  sensibility  of  the  tongue,  which  is  highly  developed,  . 
also  enables  this  organ  to  appreciate  the  physical  condition  of  the  food 
and  how  far  it  is  prepared  for  deglutition.  At  the  same  time  its  mus- 
cular apparatus  provides  for  its  movement  in  every  direction.  When 
the  alimentary  material  is  finally  reduced,  by  mastication  and  mixture 
with  the  saliva,  to  a  sufficiently  pasty  and  homogeneous  condition,  the 
Bofteneil  mass  is  collected  from  every  part  of  the  month  by  the  move- 
ments of  the  tongue  and  brought  together  upon  its  upper  surface.  It 
is  then  pressed  backward  by  the  muscular  force  of  the  organ,  and  car- 
ried through  the  fauces  into  the  phar>-nx  and  upper  part  of  the  oesopha- 
gus. Here  it  passes  beyond  the  control  of  the  will.  It  is  then  grasped 
by  the  muscular  fibres  of  the  oesophagus,  and  by  the  continuous  and  rapid 
peristaltic  action  of  this  canal  is  carried  downward  into  the  stomachs 
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DIQESTION- 

The  Gastric  Juice  and  Btomach  Bigettioii. 

Tlie  stomach  bas  long  been  recognized  as  the  organ  in  which 
most  important  jinrt  of  lh«i  (ligestive  process  is  inaiignrated,  and  in" 
■nJiich  the  essential  cliemiciil  modifications  of  tfie  atimentury  matters  first 
tnke  place.     Its  action  consists  in  the  ]>roduction  of  a  special  digestive 
fluid^  the  gaalric  juice,  furnished  by  the  glantlular  apparatus  of  ita^ 
mucous  membrane.  ^| 

The  gastric  niucouw  membrane  presents  certain  variations,  Iwth  in  its 
general  appearance  and  its  intimate  structure,  in  diflerent  portions  of^ 
the  stotDHch.  It  is  red  in  the  cardiac  and  middle  portions,  paler  in  th^H 
pyloric  [lortion.  It  increases  also  in  thickness  from  the  ciirdia  t<>nard 
the  pj-vl^ruH ;  being,  according  to  the  meaaurementa  of  Kofliker,  about 
half  a  millimetre  thiuk  in  the  onnliac  portion,  one  millimetre  in  the 
middle,  and  one  and  a  half  to  two  millimetres  near  the  pylorus.  Its 
free  surface  is  everywhere  more  or  less  uneven  and  marked  with  minute 
riilges  or  eminences.  In  the  canliac  portion  (Fig.  39)  tliese  ridges  are 
reticulated  with  each  other,  so  as  to  include  Ix'tween  them  polygonal 
interspaces,  each  of  which  Is  encircled  by  a  network  of  capillary  blood- 
vessels.    Id  the  pyloric  portion   Fig.  40)  the  eminences  are  more  distinctly 


Fig.  39. 


Fig.  40. 


Fre«  •urfBM  of  Oabtrio  Mvoodb  Mek- 
BUANK,  viewed  from  abore  t  from  Plg'i 
Stomftdh,  GArdlfto  portion.  Moderfttely  ma^- 
Dlfled. 


FrFeiurfneeofOAiiTitic  MrcoraKxM- 
BR  A  ten,  viewed  In  vertical  •eetlun  ;  frua 
Plg'i  Stomach,  Pyloric  portion.  Morehighlr 
magnified. 


from  each  other,  pointed  in  form,  about  one-tenth  of  a  millimetre  in 
height,  and  generally  flattened  from  side  to  side.  In  the  human  subject 
these  villus-like  projections  have  even  been  found  extending  over  the 
whole  surface  of  the  gastric  mucous  membrane.  Each  one  contains  a 
capillary  bloodvessel,  which  returns  upon  itself  in  a  loop  at  the  extremity 
of  the  projection,  and  communicates  freely  with  adjacent  vessels. 

The  entire  thickness  of  the  mucous  membrane  of  the  stomach  consist* 
of  glandular  /oil idea  or  tubules,  some  of  which  are  simple  in  structure, 
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while  Others  are  compoiiiul  or  branched.  Another  distinction  between 
the  follicles  is  thut  some  of  tiiem  are  lined  tliroughout  with  cylindrical 
epithelium  c»;Us,  not  very  ditferent  from  those  on  the  fi*ee  surface  of  the 
xnucous  raeraliraiie,  wliilc  others  contain  also  Lirger  cells  of  a  rounded 
form,  which  pivu  to  llie  follicles  a  ])eculiiir  asp<  ct.  Both  sini]ik'  and 
branched  follicles  may  hte  found,  presenting  butli  these  two  kinds  of  epi- 
thelium;  but  as  a  genenil  rule,  the  aimplc  tulntlar  follicles  are  tli«tin- 
giiished  by  their  lining  of  cylindrical  ejtitJit'IiuTn,  n  hiie  the  com|>ound  or 
bnincheil  follicles  more  especially  contain  the  Lirger  cells  of  glandular 
epithelium. 

In  the  pyloric  portion  of  the  stomach,  the  follicles  with  cylindrical 
epithelium  prepomlerate,  or  in  sotnc  instances  arc  present  exclusively. 
In  the  dog,  according  to  the  obstTvations  of  EbHtetii,  and  in  ra an,  ac- 
cording to  Koiliker,  the  uitieous  membrane  in  the  imttiediute  proximity 
of  the  pylorus,  for  a  zone  of  considerable  width,  contains  follicles  of  this 
liind  only.  The}''  present  the  same  essential  characters  in  man  and  in 
ditlcrent  8p<X'ics  of  animals.  They  are  nearly  straight  or  Mlightly  tor-^ 
tuous  tubules,  ^\  of  a  millimetre  in  cliamcter,  lined  with  cylindrical 
epithelium  cells,  and  terminating  in  blind  extremities  at  the  nmler  sur-^ 
lace  of  the  mucous  membmne  (l''ig-  41).     In  their  lower  half  they  are 


Pig.  41. 


Fig.  42. 


'i: 


.O^ 


HVCOUi    alKMilR,iXK    or    PiQ'H    StO- 

KACR,  from  Pflorie  portloti;  vertlcfil  aec- 
lloa;  ahowlng  tubul.^r  folllolpa,  nn<l,  at  a,  t. 
elotrtl  foUlcle.    Muderntely  mngnlfled. 


TicranLAR  Folliclks,  from  Pyloric 
portlno  cf  Pig'*  Stoinnch,  showing  thpU* 
CfBcnl  extremUlei  sod  epithelial  lining.  At 
a,  the  torn  end  of  A  roUicle,  ahowldg  its 
cavity     More  higbly  mkgDillrd, 


often  slightly  branche<l,  one  or  more  lalorid  diverticula  passing  off  from 
the  principal  tubule,  and  forming  a  little  mass  or  lobule  of  glandular 
tubes.  At  their  up|)er  extremities  they  open  on  the  free  surface  of  the 
mncoiis  membrane,  in  the  interspaces  between  tlie  projecting  folds  or 
villi.  The  cylindrical  epithelium  cells,  which  cover  the  general  surface 
of  the  gastric  mucous  membrane,  extend  downward  into  the  cavity  of 
U 


iu 
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the  follicles  and  rcneh  even  to  their  bliml  extremitieB  (Fig.  42);  only  ii 
thij  inlerinr  nf  the  fullif-k'S  thf^'  are  shorter,  less  transparent,  and  more 
glaudiilar  in  appoarancc  than  on  the  free  surface  of  the  mucous  mem- 
brane. 

In  the  cardiac  portion  of  tlie  stomach  the  snperftc-ial  part  of  the 
mucous  membrane  contains  wide  tlcprL'Ssions  or  tuhex,  lined  with  large 
cylindrical  epithelium  cells-  These  tubes,  at  a  short  distance  below 
the  surface,  are  joined  eaeh  by  two  or  more  tubular  follicles,  lirieci  with 
smiilt  glandular  einlhdiutn  cells,  and  terminating  below,  like  the  pre- 
ceding, in  rounded  extremities  (Fig.  43). 


Fig.  43. 


Fig.  44. 


J 


Oastbio  Follicles,  from  Pig^i  Sto- 
oxtch,  OnrtUnc  portloo.  At  a,  two  foUllcIci 
Joining  n  larger  tuhoj  6,  portion  of  a  tube 
•ecD  end  wlte  ;  «,  Iti  oeutml  vavit^ , 


axsTttto  FOLLICLKS,  with  UnfrBKl'inii- 
ular  Cell* ;  Uum  middle  portion  of  Pkg'i 
Stomacli. 


In  the  mucous  membrane  of  both  the  fundus  and  middle  portion  of 
the  Ktomach,  but  especially  in  the  middle  portion,  there  are  follicles 
■which  are  distinguished  by  eoiitaininu;,  in  addition  to  the  cylindrienl  or 
small  glanflular  epillit'linm  ccUm,  larger  spheroidal  cells  of  peculiar 
aspect.  A9  already  mentioned,  these  follicles  arc  usu-illy  compound, 
but  they  are  also  met  with  of  a  Bim|)le  Inbuhvr  form.  The  spherical 
cells  which  they  contain  are  usuidly  most  abundant  in  their  lower 
portions,  but  are  often  more  distinctly  defineil  in  the  middle  part  of  the 
follicle.  These  cells  are  rounded  in  form,  about  20  mmm.  in  diameter, 
finely  granular,  and  provided  with  well-marked  oval  nuclei.  They  nearly 
fill  the  cavity  of  the  follicle,  tind  also  project  laterfilly  from  its  exiernal 
surface,  giving  to  it  frcmi  this  cause  nn  extremely  eliarncteristic  varicose 
or  irregularly  tumefied  appearance  (Fig,  44).  In  the  compound  follicles 
of  the  ciirdiac  portion  of  the  human  stomach  (Fig.  i^).  the  spherical  cells 
are  fouud.more  or  less  abundantly  throughout  their  deeper  and  middle 
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Fig.  45. 


parts,  tip  to  tUe   point  whore  Un'y  join  the  wi(k*r  tiil>c  leading  to  the 
surface. 

These  spheroiilal  coUs  have  J>eeii  desigaatei.1  by  the  name  of  "pepsine 
cl'Us,"  and  tlie  glaiulular  Ibllides  con- 
taining tliera  as  "peptic  glands,"  from 
a  supposition  that  they  are  exclusively 
concerned  in  the  production  of  the 
essential  organic  ingredient  of  the  gas- 
tric juice.  Opinions,  however,  are 
divided  U|>on  this  point.  The  follicles 
in  question  contain  both  the  siocalIe<l 
"pepsine  cells"  and  the  smaller  cells 
of  glandular  epithelium;  the  two  kinds 
of  cells  Iwing  found  associjitcd  in  tlie 
8ame  follicles  over  a  large  iiortion  of 
the  stomach.  It  is  only  in  the  pj'loric 
region  that  the  follicles  contain  cells 
of  tlie  smaller  variety  alone.  It  is 
acknowledgeil  by  all  tliat  !>y  the  action 
of  glycerine  a  substance  having  the 
properties  of  pepsine  may  be  extracted 
from  the  middle  or  canliac  portions  of 
the  gastric  inucoiis  membrane,  an<l  not 
from  the  pyloric  portion.  But  Rl»stein 
has  shown',  that,  if  two  digestive  fluids 
be  prepared  by  macerating  the  g.astric 
mucous  membrane  in  water  nciduhited 
with  hydrochloric  acid,  using  for  one 
the  pyloric  portion  and  for  the  other  the 
Uiiddle  portion,  botlj  r»f  these  fluids  pos- 
sess un<lcr  similar  conditions,  digestive  properties  which  are  the  same  in 
kind,  and  ditfer  only  in  degree.  The  princip:il  distinction  Iwtween  the 
two  kinds  of  cells,  according  to  the  same  observer,  is  that  the  substance 
of  the  cylindrical  cells  becomes  clon<ly  and  shrivelled  by  the  action  of 
:ids  generally  ;  while  that  of  the  spheroidal  cells  is  thus  affected  only 
by  minerjU  acids,  acetic  acid,  on  the  contrary,  causing  them  to  become 
swollen  and  transparent.  From  this  it  is  concluded  that  the  smaller 
colls  contain  a  substance  like  mucosine,  while  the  larger  consist  of 
materials  mrire  closely  resembling  albumen. 

It  cannot  therefore  be  said  with  certainty,  that  either  the  larger  cells 
or  the  follicles  containing  them  pnxluce  excUiflivcly  either  the  pepsine 
or  the  acid  of  the  gastric  juice.  No  doubt  the  follicles  in  different  jjor- 
tions  of  the  stomach  differ  from  each  other  more  or  less,  in  function  as 
Well  as  in  appearance;  but  it  is  not  yet  possible  to  «lcterminp  the  exact 
nature  of  tlie  differences  between  them.     By  the  combined  action  of  all 


OoxpoundOastbio  Follicle, 
from  the  Cftrill«c  portion  of  Iiumnn 
■toiDAeh.  1.  Ex.er«tory  tube,  lendlnr 
to  the  surNce  X  Tutiulitr  follicle*, 
C0Df.iinlng  apherolilnl  cells.  (KbUlkvr.J 


'  Archiv  fUr  Mikroskopische  Anatomic,  1870,  vi,  p.  515. 
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pjirts  of  the  ghitidular  apparatutiiH  produced  the  characteristic  secretion 
of  the  gnstrie  juice. 

Physical  QualiticHand  ComfKuniliou  of  the  OadlricJuicr. — The  earliest 
decisive  investigations  in  regard  to  the  existeiiee  and  {iroperties  of  the 
gaatrie  juice  were  those  made  bj'  Dr.  Ueauinoiit,  of  the  Uiittcd  States 
Army,  in  tlie  case  of  Alexis  St.  Martin,  a  Canadian  boatman,  who  was 
aflc'cted  with  a  pemaaneiit  gastnc  fistula,  the  r^-sutt  of  an  accidental  gun- 
shot wound.  The  musket,  which  was  loaded  with  hiickshot  at  tiie  time 
of  the  accident,  was  tlischarged,  at  the  distance  of  a  few  feet  from  St. 
Martin's  bo<ly,  in  such  a  manner  as  to  tear  awaj  tlie  integument  at  the 
lower  part  of  the  left  chent,  o]ifn  the  pleural  cnvity,  and  jx^netrate, 
through  the  lateral  portion  of  the  diaphragm,  into  the  gi'eat  poucii  of  the 
stomach.  After  the  integument  and  the  [dcural  and  peritoneal  surfacea 
had  united  and  cicatrized,  tlierc  remained  a  pernjam'i]to|wniugnl>outtwo 
centimt'trea  in  diameter  leading  into  the  Iclt  extremity  of  the  stomach, 
wliich  was  usually  closed  by  a  circular  valve  of  |>roti!Uilitig  mucous 
memljraue.  This  vjdve  could  be  readily  dejjressed  at  any  time,  so  as  to 
open  the  fistula  and  idiow  the  contents  of  the  Hitumach  to  be  extrueted 
for  exjuniuation. 

Pr.  BeauiHont  exiJeriracnted  upon  this  person  at  various  intervals 
from  the  year  1825  to  1832.'  lie  established  during  the  course  of  his 
examinations  the  following  important  facts :  Fir«t,  that  the  active  agent 
in  digestion  is  an  acid  fluid,  secrctwl  by  the  walls  of  the  stomach; 
secondly,  that  this  fluid  is  poured  out  by  the  glandular  walls  of  the 
organ  only  during  digestion,  and  under  the  stimulus  of  the  fvKwl ;  and 
fiually,  that  it  will  exert  its  solvent  action  upon  the  food  outside  the 
body  as  well  as  in  the  stomach,  if  kc|)t  iu  glass  phials  ujion  a  sand-bath 
at  the  temperature  of  :i>^°  (100-  F.).  He  made  also  a  variety  of  other 
interesting  investigations  as  to  the  effect  of  various  kinds  of  stimulus  on 
the  secretion  of  the  stomach,  the  rapidity  with  which  the  process  of 
digestion  takes  place,  ami  the  comparative  digestibility  of  various  kinds 

of  fotiil. 

The  same  person,  with  his  gastric  fistula  unchanged,  after  an  interval 
of  twenty-four  years,  came  under  the  observation  of  Prof.  Francis  Q. 
Smith,  of  the  University  of  Pennsylvania,  who  again  made  a  series  of 
important  experiments  of  a  similar  nature,  confirming  and  extending 
those  of  Dr.  Bc-iuincmt;  and  another  citse,  in  a  young  and  otherwise 
healthy  woman,  the  result  of  a  local  inflammation  and  abscess,  happened 
in  Germany  in  1854,  and  was  investigated  by  Prof.  C.  Schmidt. 

Since  Dr.  Beaumont's  time  similar  experiments  have  been  frequently 
performed  by  means  of  gastric  listulaj  artificially  established  u|)on  the 
lower  animals,  esjx'cially  upon  the  dog,  which  has  been  found  most 
convenient  for  this  purpose ;  the  result  of  examinations  conducted  by 
this  and  other  methoils  being  that  the  gastric  juice  presents  the  same 
essential  characters  in  man  and   in   tiie  carnivorous  and   herbivorous 

'  Experimcnta  and  Observations  n|)oa  the  Gastric  Juice.     Boston,  1834. 
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nnfmals.  The  simplest  and  most  effectual  moilc  of  establiabing  a  gas- 
tric fistula  in  the  *log  is  the  loUowing :  A  longitudinal  inoision,  about 
six  centimetres  in  length,  is  made  through  the  abrlominul  parietea  iu  the 
me«iiau  line,  over  the  gretit  curvature  uf  the  stumaeh.  The  uiiterior  wall 
of  the  organ  is  then  to  be  seized  with  a  pair  of  iiookeil  ibrct-ps,  drawn 
out  at  the  external  woiiud,  and  uj)ened  vfith  the  poitit  of  a  bistoury.  A 
short  silver  couulu  from  one  to  two  centimetres  iu  diameter,  armed  at 
each  extremity  with  a  narrow  projecting  rim  or  flange,  is  iuHerted  into 
the  wound  iu  the  stomach,  the  edges  of  which  are  fastened  rouud  the 
tube  with  a  ligutun;  in  onler  to  jireveut  the  escape  of  the  ijaHtric  fluids 
into  the  {writoneal  cavity.  The  Htomneh  is  tlien  returned  to  its  place  La 
the  abdomen,  and  the  canula  allowed  to  remain  with  its  extemid  flange 
resting  upon  the  edges  of  the  wouml  in  the  alulomiiiul  integuments, 
which  are  to  be  drawn  togethtir  by  Kutures.  The  animal  may  \k'  kept 
porfeftly  quiet,  <lurJng  the  operation,  by  the  administration  of  ether 
or  chloroform.  In  a  few  days  the  ligatures  cijme  away,  the  woundetl 
peritoneal  surfaces  unite  with  each  other,  and  tlie  canula  is  retained  in 
a  jjerraanent  <nistric  fistula ;  being  prevented  l>v  its  flaring  extremities 
both  from  falling  out  of  the  abdomen  and  from  bting  aecidt-ntally 
pushed  into  the  stomach.  It  is  closed  externally  by  a  cork,  which  may 
be  wilh<1rawn  at  pleasure,  and  the  contents  of  the  stomach  thus  obtained 
for  examination. 

Ex|>eriments  eondnctc<l  in  this  m a inu-r  confirm,  in  the  main,  the  results 
obtained  by  Dr.  Beaumont.  Their  n-sults  are  even,  iu  some  respects, 
more  satisfactory  tlian  those  obtained  from  the  human  sidyect ;  since 
animals  are  more  coraplettily  unfler  the  control  of  the  experimenter,  and 
all  sources  of  <ieeeplion  or  mistake  are  thereby  avoi<]ecl,  while  the  inves- 
tigation is,  at  the  same  time,  facilitated  by  the  simple  character  of  the 
food  adminfatered. 

The  gastric  juice  obtained  by  this  method  is  a  clear,  colorless,  or 
faintly  amber-colored  fluid,  of  a  perfeclly  watery  consistency  antl  a  dis- 
tinctly acid  reaction.  Its  sptjcilie  gravity  «luea  not  vary  much  from 
10 10.     It  becomes  slightly  opalescent  on  boiling. 

The  following  is  the  composition  of  the  gastric  juice  of  the  dog, 
based  upon  a  coniparisou  of  various  analyses  by  LehmauJi,  Btoudlot, 
Otto,  Bidder  and  Schmidt. 

CoMrosrnoN  of  Gastric  Jficb. 

Water 975.00 

Free  acid 4.78 

Pepsine l&.OO 

Sodium  chloride   ........  1.70 

Pota8.siuin     " 1.08 

Calciam         " 0.20 

AmmniiJQin  "........  0.65 

Lime  phosphate 1.48 

Magnesium  '* 0.06 

Iroc              » O.OS 

1000  00 
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Prof.  C.  Schmidt'  found  the  gastric  juice  of  tfie  human  subject  similar 
in  constitution  to  llie  ul>ovf,  c-xccpt  that  it  contiiiueil  a  larger  propor- 
tion of  water  and  a  considerably  suiallor  proportiou  botli  of  free  acid 
and  pepsiiic,  an  w cli  as  of  solid  iuffietlicuts  gi-nerully-  From  o«jr  own 
repeated  observationa  upon  the  dog,  there  is  no  doubt  that  both  tlie 
quantity  and  density  of  the  gastric  juice  vary,  within  certain  limits,  in 
different  individuals  even  of  the  game  species — the  proportion  of  solid 
ingredients  being  less  when  the  »ecretion  is  more  abundant,  and  greater 
wlun  the  seeretioii  is  in  wnall  quantity. 

The  most  striking  physic:d  property  of  the  gastric  juice  is  its  acid 
reaction,  which  is  always  slronjyrly  marked,  and  by  which  it  is  distin- 
guished from  all  the  other  digestive  secretions  and  internal  l]m<Is  of  the 
body.  This  property,  as  indicated  in  the  forej^oing  table,  *le|)endM  U|K>n 
the  presence  in  tho  secretion  of  a  free  acid.  Notwithstanding  the 
numerous  investigations  whieli  have  been  directed  to  this  point,  it  is 
still  uncertain  whether  the  reaction  of  the  gastric  juice  be  due  to  free 
hydrcjehloric  or  live  lactic  acid;  each  of  tliuse  two  substances  having 
been  found  by  tlillerent  observers.  Those  who  attribute  the  reaction  of 
the  gastric  juice  to  hydrocldoric  acid  (I'rout,  Dunglison,  Endcrlin, 
Bidder  and  Sdimidt)  dejiend  uiion  its  being  obtainable  by  distillatitm, 
anil  more  esjietiially  upon  a  quantitative  determination  of  all  the  alka- 
line and  earthy  bast's  contained  in  the  secretion,  and  an  estimate  of 
the  amount  of  hydroebloric  acid  necessary  to  saturate  these  bases ;  the 
hydroebloi'ic  acid,  actunlly  obtainable^  being  found  to  be  more  than 
BuJlkiciit  to  unite  with  tlie  above  bases  in  neutral  combination.  On  the 
other  hand,  various  experimentera  (Lehmann,  Leuret,  Lassaigue,  Francis 
G.  Smith,  Bernard  and  Barreswil)  have  not  only  found  eviilences  of 
the  presence  of  free  lactic  acid  in  the  gastric  Juice,  luit  some  of  them 
have  also  shown'  tliat  during  distillation  the  concentrated  lactic  acid 
wouid  set  free  hydrochloric  acid  by  decomposition  of  the  alkaline  chlo- 
rides, allhouph  none  were  originally  present  in  the  fluid.  They  jj.so 
|*oint  out  that  the  addition  of  a  small  quantity  of  oxalic  acid  to  the 
gastric  juire  pro«luces  a  precipitate  of  liroc  oxalate,  while  no  such  pre- 
cipitation will  take  place  in  a  fluid  containing  two  parts  pc-r  thousiuij 
of  free  hydrochloric  acid.  It  is  certain,  however,  that  either  of  these 
acids  may  re|)lace  titat  which  nntuially  exists  in  the  gastric  juice  with- 
out essentially  imptiiring  its  dipiestive  properties. 

The  remaining  important  ingredient  of  the  gastric  juice  is  its  alha- 
minoid  matter,  known  under  the  name  of  prpnine.  This  substance  ia 
not  precipitated  by  either  the  organic  or  the  mineral  acids,  liut  is  thrown 
down  bv  the  action  of  lieat  and  by  alcohol  in  excess.  It  may  also  be 
precipitated,  like  ptyaline,  from  its  watery  sulution  acidulated  with 
dilute  j)hosphoric  acid,  by  the  a<ldition  of  lime  water;  the  precipitate*! 
lituc  phospliatc  hringing  down  the  pepsine  entangled  with  it.     I'cpsiae 


'  AnnaleiJ  der  I'hcmie  unJ  rharmaoie.  1^51.  p.  42. 
•  Bernard.     Lc<;ou9  de  Phyaiologie  Expirimcutalc. 
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18  not  affected  in  the  same  way,  however,  by  all  the  agents  wliic-h  cause 
its  coagulation.  After  precipitutiou  by  alcohol  or  by  liruc  phosphate,  it 
is  unchan^fei.1  in  its  chemical  qiiulitii^H,  and  may  be  again  dissolved  in 
water  withuut  losing  any  of  iU  oiigainl  digestive  propertios ;  but  %vhen 
coagulated  by  boiling,  it  ia  pt-nnnncntly  altered  and  caiiiiut  again  be 
brought  into  an  active  condition. 

Pepsine  may  also  be  precipitated  from  the  gastric  juice  by  contact 
■with  the  bile.  If  ten  to  fJfteen  drops  of  dog's  bile  be  addi-d  to  10  cubic 
cuulimetres  of  ftvah  gastric  juice  from  tl»e  same  aniinnl,  u  eomplete  pre- 
ci]>itation  takes  place;  so  that  the  wiiule  of  thu  biliary  coloriug  matter 
is  thrown  down  aa  a  deposit  and  the  filtered  lliiid  is  fouml  to  have  lost 
its  digestive  power  although  it  sUlI  retains*  an 'acid  reaction.  Thi-s  ex- 
plains the  disturbing  effect  upon  digestion  produced  by  a  regurgitation 
of  bile  through  the  pylorus  into  the  Btomafh. 

Pepsine  may  be  extracted  from  the  fresh  mucous  membrane  of  the 
stomach  by  cutting  it  into  small  pieces  and  macerating  It  for  some  hours 
with  di.stilled  water.  The  lilterud  fluid,  acidulated  with  dilute  hydro- 
chloric acid  until  it  presents  a  similar  grade  of  acid  reaction  to  that  of 
the  fresh  gastric  juice,  is  found  to  possess  the  peculiar  digestive  proper- 
ties of  the  natural  secretion. 

The^  digestive  properties  depend  accordingly  upon  the  presence  of 
both  the  pepsiue  and  the  freu  acid.  They  are  not  exliibited  by  a  dilute 
acid  alone,  nor  by  a  solution  of  pcpaine  which  is  neutral  or  alkaline  in 
reaction.  The  pepsine,  which  acts  in  some  unexplained  manner,  like 
other  8«)  called  "catalytic"  bodies,  requires,  as  a  special  condittou  of  its 
activity,  the  presence  of_a  fre§  acid.  Accordingly,  the  fluids  of  ttic  sto- 
mach, even  though  they  contain  pejisinc,  will  not  act  upon  the  food  unless 
they  have  also  an  acid  reactiou.  If  the  fresh  gastric  juice  be  neutralized 
b}"-  the  a<ldition  of  an  alkali,  it  loses  its  digestive  prtiperties  as  soon  aa 
the  point  of  neutralization  is  reached;  but  these  properties  mny  be 
re8tore<l  by  again  acidulating  the  fluid.  For  this  purpose,  either  lactic 
or  hv<lrochloric  acids  may  be  uscil,  both  of  which  yield  very  active 
digestive  fluids  with  pepsine.  Dilute  sulphuric,  nitric,  and  acetic  acids, 
on  the  other  hand,  according  to  Leluuauu,'  produce  a  nuxture  of  ojiiy 
slight  digestive  power  ;  wiiile  phosphoric,  oxalic,  and  tartaric  acids  are 
nearly  inert  in  this  respect.  If  the  gastric  juice,  again,  be  subjected  to 
a  boiling  temperature,  it  is  found  to  have  lost  its  digestive  properties 
owing  to  the  chomica!  alteration  of  its  pepsine,  not witbstiuidiug  its  acid 
reaction  may  remaiu  the  same  as  l>efore. 

The  characteristic  property  of  the  fresh  gastric  juice,  as  well  as  of 

(  acidulated  solutions  of  pepsine,  is  that  it  has  the  i)ower  of  digenling  and  |1 

\di»»i)hying  substancen  of  an  albuminou»  nature.     This  is  best  shown  by  ' 

suspending  in  gastric  juice  pieces  of  coagulated  flbrine  and   keeping 

the  fluid  at  the  temperature  of  38°  (100^  F  ).     The  flhriuc  rapidly  swells 

'  Physiological  Chemistry,     Cavendish  Society  editioa.     Londuu,  1853,  roL  ii. 
p.  &8. 


up,  'becomes  transparent  and  gelatinotis,  and  after  a  time  dissolves. 
The  same  eil'ect  ia  produced,  tltougti  mote  slowly,  upon  hnrfl-boiled  white 
of  egg.  The  solid  caseiiif  of  cheese  is  liqui'lled  and  ihc  oleaginous 
particles  set  free.  Tliis  action  is  in  every  case  more  or  lam  dependent 
upon  the  teuipuraturi!.  It  is  entirely  suspeudwl  at  or  near  the  freezing 
point,  Lut  becomes  more  and  more  active  with  the  increase  of  warmth, 
and  is  most  energetic  from  35°  to  40°  (about  100^  F.).  Above  that 
point  its  activity  agattn  diminisheSj  and  at  a  lioiling  temperature  it  is 
entirely  destroyed.  iL  is  owing  to  the  influence  of  temperature  ihat 
digestion  h  more  slowly  pcrronned  in  the  coldMuoded  ie(itiles  than  in 
the  wann-hloodcd  birds  and  quadrupeds.  Thin  ditference  hits  been 
shown  by  Schilf,'  who  made  acidulated  iufuHions  of  tlie  storaachs  of  two 
serpents,  and  iilnced  in  each  the  Bame  measured  quantity  of  coagulated 
albumen  5  one  of  the  infusiona  being  allowed  to  remain  at  a  temperature 
varying  from  10°  to  11''  (SOOtoCa^P.),  the  other  being  introilueed,  in  a 
closctl  glftsa  tube,  into  the  Btomach  of  a  living  dog.  The  second  was 
found  to  have  digeste*!  in  six  lioius  as  much  albumen  as  the  tirst  at  the 
end  of  tliree  weeks. 

The  chtiiigcs  produced  in  eolid  albuminous  nvntters  during  digestion 
by  gastric  juice  arc  na  follows:    The  first  ettect  is  a  swelling  nnil  gt'Ia- 
tiniication  of  the  sul>stancc  under  the  influence  of  the  free   acid.     This 
will  take  place  by  the  action  of  a  dilute  acid  alone,  and  with  the  aid  of 
continuous  warmth  a  part  of  tlie  substance  will  after  a  time  even  be 
dissolved.     This  solution,  however,  is  not  a  true  digestion  of  the  albu- 
minous b<Mly.      It  haji  imrely  been  niodified  in  such  a  way  as  to  be 
soluble  in  nn  acidubited  liquid,  nnd  it  nniy  be  again   precipitated  b^' 
neutralizing  the  solution  by  means  of  nn  alkali  or  an  alkaline  carbonate. 
This  modincatiou  of  the  albuminous  matter,  however,  by  the  action  of 
tlie  free  acid,  seiim.s  to  be  an  essential  prolimiuaiy  in  the  digestive  act. 
If  it  be  allowed  to  go  on  farther,  thu  influence  of  the  pepsine  produces 
a  more  important  change,  hj'  which  the  original  substance  is  converted 
into  albuminose.     In  this  form  it  is  no  longer  precipitable  by  neutral> 
ization  of  the  fluid,  and  has  consequently  become  soluble  in  water,     it' 
j     is  not  coagulable  by  boiling,  cltlier  in  a  neutral,  acid,  or  alkaline  liquid  ;  | 
I    and  it  is  not  precipitable  by  nitric  aeiil  or  by  potassium  fernx-yanide,  I 
y  although  it  may  still  be  thrown  down  by  nlcohol  in  excess.     It  has  thusy 
N^conie  essentially  altered  in  its  clieraical  relations. 

An  equally  or  even  more  important  change  has  also  taken  place  in 
its  pliysieal  characters;  tliat  is,  it  has  acquired  tlic  property  of  dijf'uni- 
bility.  The  other  liquid  albuminous  matters,  ns  albumen,  caseine, 
mucosine,  and  the  like,  do  not  pass  through  parchment  paper  or  the  sub- 
stance of  an  animal  meral)rane  j  or  they  pass,  if  at  all,  very  slowly  and 
in  small  quantity.  Even  pepsine  is  retninetl  in  this  way  almost  com- 
pletely by  such  a  membrane.  Albuminosi!,  on  the  contrary,  diffuses 
itself  with  great  readiness  through  membranous  partitions,  and  can  be 


'  Lecona  §ur  la  Physiotogio  dc  la  Dige-slion.     Paris,  1867.  tome  ii,  p.  19. 
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detected  by  its  ordinary  reactions  in  the  extcrnail  liquitls.  It  is  thus 
suited  for  abatori^tioa  bj'  the  mucous  menibnine  ol'  the  alimeuttiry  caual. 

All  the  aliiiuuinous  matters,  without  exception,  which  sin;  Kitstn-ptible 
of  cligeslion,  wbcther  of  animal  or  vegetable  orijriUj  are  finally  tuuverted 
by  the  notion  of  the  gastric  juice  into  aXbiynijKise.  They  therefore  lose 
their  original  distinctive  pro|X!rtic3,  and,  when  fully  prepared  forabsori>- 
tion  into  the  blood  vessel  t;,  are  all  rediiceil  to  the  cuuililiou  of  a  single 
substAncc. 

A  further  very  remarkable  peculiarity  of  the  gastric  juice  is  its  apti- 
tude for  reniating putrefaction.  While  other  aniiuni  Uuids,  as  the  saliva, 
the  bile,  the  pancreatic  juice,  mucus  and  bloud,  c-ntL-r  into  putrefaction 
with  great  readiness,  the  gastric  juice  ivmains*  when  fX]josed  to  the  air 
at  ortljnury  temperatures  for  many  months  without  developing  any 
.putrescent  odor  or  losing  its    characteristic  properties.,      It    becomes 

mewiiat  darker  in  color, and  after  a  time  deposits  a  biovvnish  sediment 
upon  the  bottom  of  the  vessel,  but  it  still  retains  its  acid  reaction  and 
its  power  of  digesting  albuminous  matters.  G:istric  juice  will  oven 
arrest  putrefactive  changes  when  they  have  already  begun  in  organic 
Bubstanccs;  and  consequently  putrefaction  does  not  go  on  in  the  living 
stomach.  Dr.  Beaumont  preserved  sonu;  fragments  of  meat  unaltered  for 
a  month  in  gastric  juice,  while  other  portions  of  the  same  substances, 
kept  iu  saliva,  were  putreGcil  in  ten  days.  Spallanzani  found  in  the 
stomach  of  a  viper  the  bo<ly  of  a  lizard  which  bad   remained  there  for 

teen  days  without  undergoing  any  putrefactive  alteration ;  and  similar 
ibservationa  have  l>een  made  by  other  physiologists. 

Mttile  of  Secretion  of  the  Oaxtric  Jidce — As  a  rule,  the  gastric  juice 
is  not  a  constant  but  an  occa:uoiial  secretion,  being  poured  out  only  when 
foo«l  is  taken  into  the  stonuiclu  Dr.  Beaumont  found  it  to  be  entirely 
absent  during  the  intervals  of  digestion,  the  stomach  containing  nt  that 
time  no  acid  watfry  fluid,  but  only  a  little  neutnil  or  alkaline  mucus. 
He  was  able  to  obtain  a  sullicient  quantity  of  gastric  juice  for  examina- 
tion, b}^  gently  irritating  the  mucous  membrane  with  a  gum-elastic 
catheter,  or  the  end  of  a  glass  rod,  and  by  collecting  the  secretion  as  it 
ran  in  drops  from  the  tlstula;  and  on  the  introdueliou  of  food  he  found 
tiiat  the  mucous  membrane  became  turgid  and  reddened,  a  cleju- acid  Uuid 
collected  everywhere  in  drops  umlerneath  the  layer  of  mucus  lining  the 
walls  of  the  stomach,  and  was  sotm  poured  out  abundanti}'  into  its 
cavity.  Prof.  F.  O.  Smith,  in  his  subsuijuent  observations  upou  Alexis 
St.  Martin,  also  found  the  fluida  obtaineil  from  the  erajjly  stomach 
invariably  neutral  in  reaction;  while  during  digestion,  whatever  might 
he  the  nature  of  tlie  foorl,  tliey  ^verc  always  acid.  Other  observers,  iu 
exix-rimenling  upon  the  dog,  have  found  more  or  less  acid  reaction 
always  present  at  the  surface  of  the  mucous  membrane.  According  to 
our  own  observations,  the  irritability  of  the  gastric  mucous  membrane, 
and  the  readiness  with  which  the  flow  of  ga.»*tric  juice  may  be  excited, 
varies  considerably  in  different  animals,  even  in  those  belonging  to  the 
same  species.     In  experimenting  with  gastric  fistulte  on  ditfercnt  dogt^ 


for  example,  we  bave  found  in  one  iriHtanci',  like  Dr.  Beaumont,  that  tlic 
gastric  juice  was  ahvaya  4-ntircly  nl>sent  iti  the  intervals  of  digestion; 
tlie  mucous  iiierabnine  then  iMesenliug  iuvririably  citlicr  a  neutral  or 
slightly  alkaline  reaetion.  In  tbitmninnd,  whicli  was  a  i>erfectly  hciiUby 
one,  tbe  secretion  could  not  be  escitetl  by  any  artiflcial  means,  sucli  a& 
glass  rods,  metaltic  catheters,  and  tbe  like  ;  but  only  by  the  natural 
Btimulua  of  ingested  foud.  Touj^li  and  iiidigestiltle  pieces  of  tendon, 
introduced  through  the  fistula,  were  txpdlcd  again  in  a  few  minutes,  one 
alter  the  otlier,  without  exciting  the  flow  of  a  single  drop  of  acid  flui<l; 
while  pieces  of  fresh  meat,  iMtro<luced  in  the  same  way,  produced  at 
once  an  abundant  HU[iply.  In  other  instances,  on  the  contrary,  the 
introductiun  of  metallic  catheters  or  glass  rods  into  the  empty  stomach 
Eas  produced  a  ecanly  flow  of  gastric  juice;  and  in  exix-rinienting  upon 
dogs  that  have  been  kept  without  food  during  various  periods  of  time 
anrl  then  killed  by  section  of  tlio  medulla  oblongata,  we  have  usually, 
though  not  always,  found  the  gastric  mucous  membrane  to  present  a 
distinctly  acid  reaction,  even  after  an  Rbatinence  of  six,  seven,  or  eight 
days.  I'herc  is  at  no  time,  however,  under  these  circumstances,  any 
considerable  amount  of  Uuid  present  in  the  stomach;  butoidy  entBcient 
to  moisten  the  gastric  mucous  nieiubrarjc,  and  give  it  an  acid  reaetion. 

The  gastric  juice  which  is  oMaiiicd  by  irritating  the  stomach  with  a 
metaltic  catheter  is  clwar,  perfectly  col(>rles3,  and  acid  in  reaction.  A 
sullieient  <jiiautity  of  it  cannot  be  obtained  by  this  method  for  any 
extended  exiicriments;  and  for  that  purpose,  the  animal  shouhl  be  fed, 
after  a  fast  of  twenty-four  hours,  with  fresh  lean  meat,  a  little  hardened 
by  short  boiling,  in  order  to  coagulate  the  fluids  of  tho  muscular  tissue, 
and  prevent  their  mixing  with  the  gastric  secretion.  No  etl'ect  is  tisually 
apparent  within  the  first  live  minutes  after  the  introduction  of  the  food. 
At  the  end  of  that  time  the  gastric  juice  begins  to  flow  ;  at  first  slowly, 
and  in  tlrops.  It  is  at  first  perfeetly  colorless,  but  soon  acquires  a 
sliijht  amber  tinge.  It  then  begins  to  flow  more  freely,  usually  in  drops, 
but  oft<'n  running  for  a  few  seconds  in  a  continuous  stream.  In  this 
way,  from  60  to  75  culuc  centimetres  may  Ije  collected  in  the  course  of 
iifteen  minutes.  Afterward  it  becomes  somewhat  turbid  with  the  debris 
of  the  food,  which  has  begun  to  be  disintegrated;  but  from  this  it  xany 
he  readilj-  separated  by  fdtmtioiu  After  three  hours,  it  continues  to 
run  freely,  but  has  become  very  much  thickened,  and  evim  grumous  in 
consistency,  from  the  abundant  admixture  of  alimentai*)-  debris.  In  six 
hours  after  the  commencement  of  digestion  it  runs  less  freely,  and  in 
eight  hours  has  become  very  scanty,  though  it  continuew  to  |ireserve  the 
same  phywcal  apjK'ar.inces  as  before.  It  ceases  to  flow  altogether  in 
from  nine  to  twelve  hours,  according  to  the  quantity  of  food  taken. 
For  purposes  of  examination,  the  fluid  drawn  during  the  first  fifteen 
minutes  after  feeding  slionid  be  coilectedt  and  at  once  separatwl  by 
filtnition  from  accidental  imjmrities.  Obtained  in  this  way  it  repre- 
sents, as  closely  as  possiitle,  the  nornnil  constitution  of  the  gastric  jaioe 
as  secreted  by  the  stomach  during  the  digestive  pi-ocesa. 
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Botli  the  esflentiol  constituents  of  the  gastric  juice,  namely,  the  pcp- 
Bine  and  the  froe  at'>d,nre  i)io(luced  by  the  glandular  mucous  nieinluaue 
of  the  Btoninch.  It  would  ap|)ear,  however,  that  the  mmle  of  their 
|irtxliiCtion  ia  sonu-what  diflereut.  Pepsine  ia  aji  albumiuuid  f-ubslaiice 
f(.rme<I  by  the  nutritive  |>roces8  in  the  glands  themKelve«.  It  probalily 
aecunmlates  in  the  int^aia  of  di^stiou,  andmay  therefore  be  extra etwl 
ft-onTlhe  Bubstnnce  of  the  mucous  membruue  in  the  manner  already  de- 
Keribe<l.  On  the  other  hand,  the  free  aei<l  appears  in  quantity  only  at 
the  time  of  digcation,  nud  ia  poured  out  with  the  waliM-y  contitituvnts 
of  the  secretion.  There  is  eviilenee,  however,  that  the  acid  is  nut  imme- 
diately  formed  by  the  glandular  cdlH,  but  is  produceil  by  a  subsequent, 
tliough  very  rapid,  change  after  the  Ouid  has  been  secreted.  The  acid 
reaction  of  the  ga.stric  Jlnidn  is  never  wtrongly  prcvnouucvd  in  the  deeper 
and  middle  parta  of  the  mucous  membrane,  but  otdy  U[ion  its  frgp  sur- 
face. This  w^as  shown  by  Bernard,'  who  injected  into  the  jugular  vein 
of  a  rabbit  two  BUccossive  solutions,  one  of  iron  lactate,  the  other  of 
potassium  fcrrocyanide.  These  two  salts  would  remain  unaltered  in 
neutral  or  alkaline  fiuiils,  but  in  the  presence  of  a  free  acid  would  unite 
to  form  Prussian  blue  (iron  ferrocyanide).  On  killing  the  animal  three- 
quarters  of  an  hour  afterward,  no  bine  coloration  was  found  anywhere 
excepting  in  the  stomach ;  and  in  this  oigan  it  was  confined  to  the  free 
surface  of  the  mucous  membrane,  not  being  perceptible  in  the  substance 
of  the  glands.  As  the  two  salts  must  have  both  exuded  from  tlie  bloo<l- 
vessL'ls  of  the  mucous  membrane,  it  is  evident  that  it  was  only  at  or 
near  its  upper  surface  that  they  met  with  a  sufficient  quantity  of  free 
acid  to  cause  their  combination.  According  to  Dr.  Lauder  IJrunton,' 
moreover,  a  horizontal  section  through  the  lower  part  of  the  gastric 
glands  of  the  pigeon,  if  tested  by  litmus  p»[>er,  willl  be  foun<l  to  have  a 
tientrnl  or  extremely  weak  acifl  reaction,  while  the  inner  surface  of  the 
stomach  presents  a  strongly  marked  ncidily.  At  the  same  time,  the 
deeper  parts  of  the  mucous  membrane  contain  pepsine  in  sutlicient 
quantity  to  form  a  digestive  fluid,  if  extracted  and  acidulated  in  the 
asuul  way.  Finally,  the  free  acid  continues  to  l>e  forme<"l  during  a  ceitain 
time  after  death;  for  it  has  been  found  tbitt  if  the  fresh  gastric  nnicoua 
membrane  of  a  nibbit  (*r  a  pig  be  cut  in  small  pieces  and  washwl  with 
distilled  water  until  all  trace  of  acidity  is  removed,  it  will  again  nc^juire 
an  aci«l  reaction  after  being  left  to  itself  for  some  hours.  The  materiids 
of  the  free  acid  of  the  giistric  juice  are  therefore  furnished  during  life 
by  the  alkaline  fluids  of  the  circulating  blood;  but  the  acid  itself  origi- 
nates subsequeully  by  some  change  taking  place  in  the  products  of 
exudation. 

Sflf-digrgfion  of  the  Stomach  afU'r  Death. — Notwithstanding  that  the 
gastric  juice  has  the  j^ower,  at  the  temperature  of  the  living  body,  of 
digesting  all  soft  tissues  composed  of  albuminous  matter,  yet  owing  to 

'  LiquiOea  de  I'Organisme.     Paris.  1859,  torn.  ii.  p.  375. 

•  llundbook  for  the  Physiological  Laboratory.     Philadelphia,  1873,  p.  491. 
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the  mode  of  iU  produL'tiun  it  dt>c<8  not  attack  the  walU  of  the  etomnch 
itsvlf.  As  the  pe|f8iiQe  alone  nceuuiuhites  in  an^'  considerable  quantity 
in  the  gastric  follicles,  while  tbe  acid  ingredient  a])pears  abundantly  only 
at  ibe  lime  of  digestion,  no  dissolving  action  can  be  manifested  while 
the  orgfui  is  em|»ly  of  food.  It  has  already  Iteen  seen,  f u rthennore,  that 
duriti^  tLe  Jictive  secretion  of  the  gastric  juice,  its  free  acid  is  formetl  by 
sonie  inoiliQcatiuti  in  the  exudeil  lluids,  so  that  it  is  distinctly  perceptible 
only  ill  the  fluids  ou  t!ie  free  surface  and  in  the  cavity  of  tlie  stomach. 
/In  tlie  bubsLance  of  the  mucous  membrane,  the  acid  fluid,  even  if  al> 
I  sorbed,  couUl  nut  exert  its  solvent  action,  since  it  must  be  at  once  neu-y 
'tralized  by  tlie  idkaline  plasma  of  the  circulating  blood- 
Even  alter  death  the  gjistric  mucous  membrane  usnally  remains  nearly 
intijci,  U'catise,  as  a  general  ruL%  iligestion  has  been  at  least  partially 
susjiended  tluring  tbe  last  litiurs  of  life,  and  the  stomach  accordingly 
contains  little  or  no  gastric  juice.  Still  it  is  rare,  in  the  human  subject, 
to  make  an  examination  of  llie  body  twenty-four  or  thirty-six  hours 
after  death,  uitlnnit  (itiding  the  niiieoua  meml)raue  in  the  great  pouch 
of  the  stomach  more  or  less  softene*!  and  altere<l  in  its  apiK-aranee  frura 
this  cause.  Sometimes,  when  death  lakes  place  smldenly,  by  violence 
or  accident,  in  a  healthy  person,  soon  after  the  ingestion  of  foo<l, 
and  when  the  body  h:\s  been  protected  jip::iiii>st  raiiid  cooling,  the  accu- 
mulated gastric  juice  acti  jjowerftilly  upon  the  walls  of  the  stomach  as 
well  as  upon  the  food  which  it  contains.  Owing  to  the  stoppage  of 
the  circulation,  the  Itjcal  alkalescence  of  the  fluids  is  no  longer  main- 
tained, and  the  increasing  quantity  of  free  acid  at  last  preponderates 
over  the  blood  renuiining  in  the  capillary  vessels.  The  mucous  mem- 
brane becomes  imbibed  with  an  netive  digestive  fluid,  and  in  the  course 
of  ten  or  twelve  hours  may  I>e  thoroughly  softened  and  disintegratetl, 
exposing  the  subnuieous  Inyer  of  connwtive  tissue;  and  occasionally  all 
the  coats  of  the  organ  have  iR-en  found  dcstroj-ed,  with  a  perforation 
leading  into  the  peritoneal  cavity.  These  changes  show  that,  after  death, 
the  gastric  juice,  if  present  in  strflScient  quantity,  may  dissolve  the  coats 
of  the  stomach  without  didlculty ;  wliilo  during  life,  the  changes  of  nutri- 
tion going  f>n  in  the  tissues  protect  them  from  its  influence,  and  eflectu- 
ally  jiresiTve  their  integrity. 

Ihn'lif  Quantity  of  Oie.  Oaslric  Juice. — The  quantity  of  gastric  juice, 
secreted  during  a  given  time,  like  that  of  the  saliva,  varies  very  much 
acconiing  to  tlje  condition  of  the  secreting  organ.  In  many  instances, 
as  we  have  already  seen,  it  is  entirely  absent  <luring  the  intervals  of 
digestion,  and  is  pouretl  out  in  abundance  under  the  stimulus  of  recently 
httrodueed  food.  An  ex:ict  estimate  of  the  norma!  daily  quantity  is 
diilicult  for  several  reasons.  First,  it  is  evident  that  if  the  secretion  be 
excited  by  arlifieia!  irritation  of  the  gastric  mucous  membrane  with  in- 
soluble glass  or  metallic  substanecs,  its  quantity  is  not  so  abundant  as 
when  prfxluced  by  the  stimulus  of  natural  food.  Secondly,  if  excited 
by  the  introduction  of  fooil,  a  part  of  it  is  almost  m-cessarily  absorbed 
by  the  alimentary  material,  and  consequently  cannot  be  coISected  for 
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measurcuiuiit ;  aud  thirdly,  if  we  measure  the  quantity  obLainalile  by 
either  of  these  mcaus  during  a  short  period,  it  does  not  loliow  thut  it 
would  conliime  to  hv  isecictvd  at  the  «Hiue  rate  duiiug  tht*  rciiiaiudtr  of 
the  twonly-l'iiur  houi-s,  bi-cuuse  the  rapidity  of  its  iiroduttiou  i«  ao  much 
iuflueuced  Ity  the  condition  of  the  digestive  prowss.  Ncilher  t-an  we 
draw  from  an  animal  with  a  ntoitvach  listula  all  tlie  gastric  juice  which 
will  flow  during  twi-jity-four  hours,  and  consiiler  that  as  representing 
the  normal  daily  quantity;  because  we  ehould  tiien  be  drawing  away  a 
quantity  of  secreted  fluid  which  in  the  natural  erudition  is  reUiiued  in 
the  alimentary  caual  and  reabsorbed  by  the  bloodvessels.  Its  supply 
Would  therefore  bo  litKsessarily  (tiuiiiiirtlK-rl  by  the  continuous  loss  of 
fluids  from  the  system.  iNotwitbtitiuiding  these  difticuUics,  howevi-r,  a 
sullicient  number  of  facta  have  been  observed  to  nhuw  that  tlie  uwual 
daily  secretion  of  the  gastric  juice  is  undoubtedly  I'ur  more  iibuiidaut 
than  that  of  the  other  digestive  fluids.  Dr.  IJeaumont  was  able  to  ob- 
tain from  the  stomach  of  St.  Martin,  6iui|i[y  by  the  introduction  of  a 
gum-elastic  catheter,  44  grammes  of  gastric  jniec  in  the  course  of  filtcen 
minutes.  We  have  often  collecU'd  from  a  medium-sized  dog,  under  the 
stimulus  of  commcnc-iiig  digestion,  from  60  to  75  grammt-a  in  the  same 
time.  Bidder  and  ISchmidt  found  that,  in  a  dog  wtighiiig  about  15.5 
kilogrammes,  tliej'  were  able  to  obt{iin,  by  separate  experiments,  con- 
suming in  all  twelve  hours,  793  grammes  of  gastric  juice.  If  these 
separate  experiments,  therefore,  as  is  probable,  indicate  the  average 
rate  of  its  production  at  itifTercnta  paits  of  tlie  day,  the  entire  quantity 
for  twenty-four  hours,  in  an  animal  of  that  size, would  be  ISSli  grammes; 
or  about  100  grammes  for  every  kilogramrae  in  weight  of  the  botiy 
of  the  animid.  Jly  applying  this  calculation  to  a  man  of  ordinary  size 
the  authored  estimate  the  average  daity  quantity  of  gastric  juice  in 
the  human  subject  as  about  <>5(10  grnniuios.  It  is,  however,  quite 
unsafe  to  estimate  tlie  quantity  of  this  secretion  as  necessarily  in  [iro- 
portiou  to  the  weight  of  the  bo<ly.  It  is  probably  more  strictly  in 
pro])ortion  to  the  qu.tntity  of  food  which  it  is  its  function  to  digest ;  ami 
tiie  dog  habitually  consumes  a  much  larger  quantity  of  aniro:>l  food,  in 
proportion  to  his  size,  than  a  man.  Schmidt,  in  the  series  of  observa- 
tions already  quoted,'  performed  upon  a  woman  with  accidental  gastric 
fistula,  whose  weight  was  only  53  kihignimmea,  obtained,  ae  the  mean 
reatill.  of  several  tibservations,  580  graintiics  of  gastric  jince  from  the 
fistula  in  the  course  of  an  hour.  In  this  ca»e,  liowever,  the  secretion 
was  much  poorer  in  its  characteristic  ingredients  than  that  usuidly 
obtained  from  the  dog,  and  was  also  much  inferior  in  digestive  power. 

Another  metliod  which  has  lieen  adopted  for  estimating  the  quantity 
of  the  gaf«tric  juice  is  to  ascertain  the  amount  capable  of  digesting  the 
quantity  of  albuminous  food  required  per  day.  According  to  the  experi- 
ments of  Lehmanu,^  one  gramme  of  coagtdated  albumen,  calculated  as 
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dry,  requires  for  its  solution  20  grammes  of  gastiic  Juice.  As  the  aver- 
age daily  consumption  of  albuminous  matter  in  man  is  130  grammes, 
this  would  accordingly  require  in  liira  the  secretiou  of  2600  grammes 
of  gastric  juice  per  tlay.  Our  own  olieervatiotia  on  the  digestibility-  of 
fresli  meat  make  the  daily  requirement  still  higlier.  A  weigLed  quantity 
of  fiesh  lean  meat,  containing  7S  pt-r  ceut.  of  water  ancl  22  per  cent,  of 
solid  ingredients,  was  cut  into  small  pieces,  and  digestetl  for  ten  hours, 
with  frequent  iigitalion,  in  a  me:i9ured  quantity  of  fresh  gastric  juice  at 
the  tempeniture  of  38'='  (lOtP  F.).  At  the  end  of  that  time,  the  liquefied 
portions  were  filtered  away,  the  residue  evajwrated  to  dryness,  and  the 
quantity  of  fresh  meat  remaining  unilissolve<i  thus  cnlculatt'<.i  from  the 
perttiitage  of  its  solid  ingredients.  In  this  way  it  was  found  that  one 
gramme  of  meat  had  been  liquefied  by  13.5  grammes  of  the  digestive 
fluid;  and  accordingly  the  453  grammes  of  meat  consumed  by  a  man 
in  twenty-four  hours  would  require  for  complete  solution  a  little  over 
6000  grammes  of  gastric  juice.  TliiH  agrues  very  nearly  with  the  esti- 
mate of  Didder  nnrl  Schmidt  given  above.  If  the  gastric  juiee  were  the 
only  digestive  fluid  whicli  acts  on  the  food,  we  could  ^cly  fully  on  the 
foregoing  estimate.  But  below  the  stomach  other  secretions  also  take 
pail  in  the  ihgestive  process;  aud  it  is  possible  that  some  of  them, 
espet'iiilly  tbt*  panerrntic  juice,  have  also  a  certain  ammnit  of  action 
upon  albuminous  mutters,  and  may  facilitnte  considerably  their  solu- 
tion in  the  intestine.  For  the  partial  solution  of  meat,  the  disintegra- 
tion of  its  flbros,  and  its  reduction  to  a  Boft,  grumous,  liquid  or  semi- 
liquid  consistency,  I'r.  Beaumont  ftiuncl  a  much  emalh-r  quantity  of 
gastric  juice  to  l>e  sufficient.  In  one  exi>eriment  1  gramme  of  cooked 
meat  was  com]Dlftely  disintegrated  in  this  vrny  by  2.5  grammes,  anrl  in 
another  by  1.H3  gnunmes  of  gastric  juice.  Its  entire  solution  would  of 
course  have  required  a  larger  quantity. 

These  data  are  accordingly  insufllcient  for  determining  the  precise 
quantity  of  the  secretion  required  for  the  digestive  process.  But  if  we 
allow  sufHeient  weight  to  all  the  observations  on  this  subject,  it  is  evi- 
dent that  the  gastric  juice  is  very  abundant;  and  it  would  not  lie  an 
extravagant  calculation  to  estimate  its  quantit}'  as  at  least  300J}  grammes 
per  day. 

Physiological  Action  of  the  Oantric  Juice. — From  the  properties  of 
the  gastric  juice  already  ascertained,  it  is  seen  to  have  an  energetic 
aettou  upon  the  albuminous  iugredieuts  of  the  food.  As  but  few  of  the 
alimentiiry  substances,  however,  habitnall}-  taken  by  either  man  or 
animals,  consist  solely  of  albuminous  matter,  the  changes  which  they 
actully  undergo  in  the  stomach  become  a  subject  for  further  investi- 
gation. 

The  first  effect  of  the  introduction  of  food  into  the  stomach,  according 
to  all  obser\'erfl.  is  an  increased  vascularity  of  its  mucous  membrane,  a 
slight  elevation  of  its  temperature,  and  the  iuimediate  exutlaticm,  in 
more  or  less  abundant  quantity,  of  its  acid  secretion.  At  the  same 
time  the  stimulus  of  the  ingested  food  excites  the  pcriniallic  movement 
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of  the  atoniach,  vrhich  is  accompHshcul  by  the  alternate  contraction  and 
rclfisation  of  the  iongitiidiniil  and  L-irciiliir  Ubrt'S  of  ita  muscular  coat. 
The  motion  is  minutt'lj  ultscnlifd  by  Dr.  Ik'uumont,  who  examined  it, 
both  bywatchiiig  ihe  movomt'nts  of  the  food  tliioufrh  the  gastrin  tistiila^ 
an<l  also  by  iiitroduting  into  the  stomach  the  bulb  mid  stem  of  a  ther- 
mometer. According  to  his  observations,  when  the  ro«Kl  first  passes 
into  the  stomach,  and  the  secretion  of  the  gastric  juice  commences,  the 
mu.tcular  coat,  which  was  before  quiescent,  is  excited  and  begins  to 
contract  actively.  The  contraction  takes  place  in  such  n  maiuuT  that 
the  fowl,  after  entering  the  cardiac  orifice  of  the  stomach,  is  first  car- 
ried to  the  loft  into  the  great  pouch  of  the  organ,  thence  downward  and 
along  the  great  curvature  to  the  pyloric  portion.  At  h  short  distance 
from  the  pylorus,  Pr.  It.  often  found  a  circnliir  constriction  of  the  gastric 
parictes,  by  which  the  bulb  of  the  ihermoinetcr  was  gently  gra.Hi)fd  and 
drawn  townrtl  the  pylorus,  at  the  same  time  givi)>g  a  twisting  motion 
to  ihc  stem  of  the  iuetrumcnt,  by  which  it  was  rotated  in  his  fingers. 
In  a  moment  or  two,  this  constriction  wan  relaxed,  and  the  bulb  of 
the  thermometer  again  released  and  carried,  together  with  the  food, 
along  the  small  curvature  of  the  organ  to  its  cardiac  extremity.  This 
circuit  was  repeated  so  long  as  any  food  remained  in  the  stomach ; 
but,  as  the  lifiue{ie<l  portions  were  successively  removed  toward  the  end 
of  digestion,  it  became  less  active,  and  at  last  ceased  altogelhor  when 
the  stomach  had  become  completely  empty,  and  the  organ  returned  to 
ita  ortiinary  quiescent  condition. 

It  is  easy  to  observe  the  muscular  action  of  the  stomach  during  diges- 
tion in  the  dog,  by  the  assistance  of  a  gastric  fistula,  arliflcially  estab- 
lished. If  a  metallic  catheter  be  introduced  through  the  fistula  when 
the  stomach  is  empty,  it  must  nsuidly  be  held  carefully  in  place,  or  it 
will  Call  out  by  its  own  weight.  But  immediately  upon  the  introduction 
of  foixl,  it  can  be  felt  that  the  catheter  is  graspe<i  and  retaine<i  with 
Bome  force,  by  the  contraction  of  the  muscufar  coat.  A  twisting  or 
rotatory  n^otion  of  its  extremity  may  also  be  frequently  observed,  similar 
to  that  described  by  Dr.  Beaumont.  This  peristaltic  action  of  the 
stomach,  however,  is  a  gentle  one,  and  not  at  all  active  or  violciit  in 
character.  We  have  never  seen,  in  opening  the  abdomen,  any  snch 
energetic  or  extensive  contractions  of  the  stomach,  even  when  full  of 
foo<l,  as  may  be  easily  excited  in  the  small  intestine  by  the  mere  con- 
tact of  the  atmosphere,  or  by  piricliing  with  thtr  blades  of  a  forceps. 
This  <lifrercnce  in  activity  between  the  periatnltic  movement  of  the 
stomach  and  that  of  the  intestine  corresponds  to  tlie  diltcrence  in  its 
object  and  result.  In  the  luteatine  the  peristaltic  nclion  carries  the 
semifluid  contents  of  the  alimentnrv  canal  eontinuon??ly  from  al>ove 
downward;  in  the  stomaeh  it  prcKluces  a  kneading  effect  upon  the  mas- 
ticated food,  and  mixes  it  intimately  with  the  gastric  juice.  This  action 
of  the  Rtom.qch.  accordingly,  though  quite  gentle,  is  suQlcient  to  pro. 
dnce  a  constant  churning  movement  of  the  food,  by  which  it  is  carried 
back  and  forward  to  every  part  of  the  stomach,  and  incorporated  with 
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the  gastric  juice,  wliicli  is  nt  the  same  time  poured  out  hy  the  mucous 
me]Ill^rnuti;  so  that  tlie  digestive  fluid  is  nuulc  to  |x-»etr:ite  c<)uu]lv 
every  part  of  the  alimentary  mass,  and  the  digestion  of  all  its  albu- 
minous ingr»lieat9  goes  on  sinuilianeously.  This  movt-mont  of  the 
stoniuch  is  one  which  cannot  be  completely  iinitate<l  in  experiments  on 
artificial  digestion  nith  gastric  juice  in  test-tuljes  ;  and  consequently  the 
process,  umler  tiiesc  circumstances,  is  never  so  rapid  as  when  it  takes 
phice  in  the  interior  of  tht-  stf^inach. 

Tlie  rtsiiit  of  tlie  aclioii  of  tlie  gastric  juice,  thus  incorporate<l  in  the 
stomach  with  the  alimentary  matters,  is  that  they  are  diainlegraifd  by 
the  mftening  and  liqun/action  of  their  albuminuu«  ingredients.  Bread 
consists  mainly  of  hy<lrftted  starch,  entangled  and  iucorjiorated  with 
the  aerai-solid  gluten.  By  digestion  in  the  stomach,  the  gluten  is  di- 
gested and  liqiictlert  tij-  its  eonverniion  into  alljuminose,  the  starch  being 
thus  Hct  free,  jnul  the  whole  rtnlaced  to  a  diffluent  condition.  The  same 
efl'ect  can  be  seen  when  bread  is  subjectc'd  to  the  action  of  gastric  juice 
in  a  test-tiilw,  the  gluten  passing  into  the  comlition  of  liquid  albuminose, 
while  a  dejiosit  of  nnaUered  starcli  Bcttles  at  the  bcjttom.  Cheese,  con- 
sisting of  coagulated  caseine  and  milk  globules,  undergoes  an  analogous 
change.  Its  caseine  is  liquefied  hy  digestion,  while  its  lil>erated  fat 
globules  rise  to  the  upiKT  part  of  the  fluid,  forming  a  creamy-looking 
layer  upon  its  surface. 

Adipoue  ttHxue  is  very  readily  disintegrated  hy  the  liiiuefaction  of  its 
connective  tissue,  whicli  is  formed  urnlbitniinons  matter,  while  tlie  fatty 
matter  escatJes  in  tlio  furiu  of  oil  drtj(>s,  Uoatiiig  upon  the  surface  of 
the  other  contents  of  the  stomach.  Dr.  Beaimiont  alwaj-s  found  free 
fat,  in  the  form  of  oil  globules,  thus  extricated  from  the  fatty  tissncs 
soon  after  they  had  been  iutrnduced  into  tlie  stonmeh  with  the  food; 
and  it  is  easy  to  verify  this  ol>st^rvation,  either  by  artillcial  digestion  of 
adipose  tissue  in  gastric  juice,  or  by  opening  the  stomach  of  an  animal 
soon  after  the  administrutioii  of  food  containing  fat. 

The  digestion  of  mttnev!ar  Jlfnk  is  also  at  first  a  process  of  disintegra- 
tion. The  connective  tissue  iutervening  b(!t^vpen  the  fibrous  bundles 
yields  to  the  action  of  the  gastric  juice,  and  the  libres  themselves  thus 
become  separated  from  each  other,  ami  form  a  gruelly  mixture  of  minute 
and  almost  micrn8co]iic  threads  and  fraguients.  The  substance  of  the 
musruhir  fibres  then  also  iH'giim  to  become  altered — they  break  up  into 
shorter  fragments,  :ind,  when  examined  by  the  microscope*,  are  founil  Lo 
have  lost  the  distinctness  of  their  transverse  striations.  If  the  food 
have  been  thoroughly  masticated  before  being  taken  into  the  stomach, 
this  clinnge  goes  on  rapidly  and  unifoi-mly  throughout  the  mass.  If, 
as  in  the  dog,  the  meat  he  swallowed  without  much  mastication,  or  if 
portions  be  suspended  in  a  test  tube  containing  gastric  juice,  the  action 
progresf^cB  regularly  from  without  inward.  The  external  |)art8  of  the 
muscular  tissue  are  first  softened  and  decolorizeil,  and  liecome  covered 
with  a  grayish  layer,  of  grtnnous  consistency,  containing  the  isolated 
and  partially  destroj-ed   fragments  of  muscular  fibre.     As  these  per- 
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ttons  are  removed  by  the  peristaltic  movements  of  the  stomach,  tlie 
digestive  action  extends  to  the  i»at'ts  iindenu'nth,  anc!  so  on  until  the 
wbole  has  been  reducetl  to  a  uniform  mixture,  of  a  tbickisb  gruelly  con- 
sistency, in  which  the  tlistincltve  elements  of  the  tissue  are  no  longer 
recognizable  by  the  eye,  ajid  in  which  the  remnants  of  the  muscular 
fibres  can  only  be  detected  hy  the  micro8CO]ie.  It  is  tiiis  apparently 
homogeneous,  ])ultaoeou3  or  gruelly  semi-fluid  uuvLerial  that  was  formerly 
designated  by  the  name  of  "Ch^-me,"  It  is  evidently  nothing  more 
than  a  mixture  of  the  disintegrated  roranfliits  of  the  digested  tissues, 
portions  of  which  have  been  completely  liqueQed  while  others  are  not 
yel  reduced  to  a  state  of  solution. 

/'^When  milk  is  taken  into  the  stomach  in  a  fresh  condition,  its  caseine 
(is  at  first  coagulated,  afterward  dissolved.  Tlie  }>rt'HnMii:iry  coagula- 
tion, which  is  clue  to  the  action  of  the  pcpsine  and  dilute  ncid,  takes 
place  very  rapidly.  Dr.  Beaumont  found  that  milk  could  be  witiidrawn 
in  a  coagtdated  condition  in  flfteen  minutes  after  its  introduction  into 
the  stomach;  and  that  if  the  mixture  were  kept  at  the  teraiierature  of 
38'^  (100^  F.),  the  coagula  were  again  liquefied  in  the  course  of  eight 
hours.  The  coagulation  of  milk,  tlius  i}roduced  by  its  first  contact 
with  the  gastric  juice  is,  however,  no  obstacle  to  its  subsequent  diges- 
tion. The  caseine  does  not  form  a  solid  uniform  clot,  but  is  thrown  \ 
down  in  the  form  of  minute  llocculi,  of  soil  consistency,  widch  are  I 
constantly  bathed  by  the  digestive  fluids,  and  at  the  tcm|Kirature  of  the  j 
living  body  undergo  readily  the  conversion  into  albumiuoae.  As  it  is 
thia  chemical  change  which  constitutes  tlie  rcid  ijrocess  of  digestion, 
the  preliminary  coagulation  of  the  caseine  does  not  interfere  with  its 
accomplishment.  Milk,  furthermore,  as  used  by  adults,  is  to  a  large 
extent  incorporated,  in  the  coagulated  form,  with  other  solid  or  semi- 
solid articles  of  food. 

The  substance  of  vegetable  tissues^  as  a  rule,  is  digested  in  a  similar 
maimer  to  that  described  above.  The  albuminous  m.iiters  arc  disgolved 
out,  leaving  the  starchy  or  oleaginous  ingredients  in^  a  free  condition, 
but  chemically  unchanged.  As  these  tissues  generally  contain  a  much 
smaller  proporlion  of  albuminous  matter  than  most  kinds  of  animal 
foo<l,  their  disintegration  is  the  main  result  of  the  changes  wliich  they 
undergo  in  the  stomach. 

The  gastiie  juice,  together  with  the  disintegrated  debris  of  the  food, 
after  commencing  its  action  in  the  stomach,  pasm's  into  the  upper  part 
of  the  intfsline.  This  can  be  seen  readily  in  the  dog  by  killing  the 
animal  after  feeding,  and  examining  the  contents  of  the  intestine.  We 
have  observed  the  same  thing  by  establishing,  in  the  dog,  an  artificial 
♦luodcnal  fistula,  by  means  of  an  operation  similar  to  that  for  producing 
A  |)crmanent  fistula  of  the  stomach.  A  silver  tulx?,  armed  at  each 
end  with  narrow  projecting  flanges,  is  introducc<l  into  the  lower  part 
of  the  duodenum,  and  the  wound  allowed  to  heal,  after  which  the 
contents  of  the  intestine  may  be  withdrawn  at  will,  and  subjected  to 
examination  at  different  periods  during  digestion. 
13 
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By  examining  in  this  way,  frooi  time  to  timo,  Uie  intestinal  fluids,  it 
becomes  nianil'cst  tJiat  the  actioit  of  the  gastric  juice,  in  the  digestion 
of  albuminous  substances,  is  not  contlned  to  the  stomach,  but  con- 
tinues at\er  the  food  bus  passed  into  the  intestine.  About  half  an 
hour  allei'  thi!  ingestion  of  u  meal,  the  gastric  juieu  begins  to  pass  into 
the  iluodeniira,  wbeiv  it  may  bo  I'ecognizetl  by  its  strougl}* -marked 
acidity,  find  by  its  pecnliar  action,  already  described,  in  interfering  with 
Tromiuer's  test  for  glucose.  It  lias  acconlingly  already  dissolved  some 
of  the  ingredients  of  the  food,  and  contains  a  certain  quantity  of 
albiuuinose  in  soltilion.  It  souu  afterward,  as  it  continues  to  pass 
into  the  duocteuuiu,  lR!Comcs  mingled  with  the  debris  of  musoulai* 
fibres,  fat  vesicles,  and  oil  droi)s  ;  substances  which  .ire  easily  recoij- 
niziible  under  the  microscope,  and  which  produce  a  grayisli  turbidity 
in  the  fluid  withdrawn  from  the  listula.  Uy  the  continuous  passage, 
in  this  way,  of  the  altuientary  material,  mixed  with  gastric  juice, 
through  tlic  pylorus  into  the  intestine,  the  stomach  becomes  gradually 
eleavt.'il  of  its  coutent'Si,  According  to  Pr.  IJetunnont  the  time  requireil 
for  the  entire  disap|)enrauce  of  food  from  the  stomach  varies  from  one 
hour  to  live  hours  and  a  half,  according  to  the  quality  and  quantity  of 
the  material  used.  In  the  experiments  of  Prof.  Franei)*  (J.  Smith  upon 
the  same  subject,  food  seldom  remained  in  the  stomach  more  than  two 
hours  after  its  introduction.  Throe  liours  is  probably  sullicient,  as  a 
rule,  for  the  com|delion  of  stomach  digestion,  in  the  human  subject, 
when  the  food  is  in  moderate  quantity  and  has  been  properly  prepared 
by  cooking  and  mastication.  In  the  c;irnivorons  animals  generally, 
where  the  food  is  swallowed  in  fragments  of  some  size,  the  process  is 
longer;  and  in  the  dog  a  moderate  meal  of  fi'esh  uncooked  meat 
requires  from  nine  to  twelve  hours  for  its*  complete  liquefaction  and 
disafipearance  from  the  stomach. 

The  gastric  juice,  ft Aer  hjtviug  accomplished  its  work  in  the  digestion 
of  the  food,  is  reabaovbed  from  the  alimentary  canal  and  taken  up  by 
the  bloodvessels.  It  tlius  forms  a  vehicle  for  the  dissolved  nutritious 
materinls,  and  again  enters  the  circulation  with  the  alimentary  substances 
which  it  hohls  in  solution.  It  is  in  this  ymy  that  the  system  is  enabled 
to  furnish  so  abumlaut  a  secretion  without  Ijeing  exhausted  by  drainage. 
The  reabsorption  of  the  gastric  juice  goes  on  simultaneously  with  its 
secretion  during  the  continuance  of  the  digestive  act;  and  tlie  fluids 
which  tlie  liloo<l  loses  by  one  process  are  incessantly  restored  to  it  by 
the  other.  An  abundant  supjily,  therefore,  of  tlie  secretion  mj\y  be 
poured  out  during  the  digestion  of  a  meal,  at  an  expense  to  the 
blood,  at  any  one  time,  of  only  a  small  quantity  of  fluid.  The  simplest 
investigation  shows  that  the  gastric  juiee  does  not  accumulate  in  the 
stomaeh  to  any  considerable  amount  during  digestion;  but  that  it  is 
gnwlually  secreted  so  long  as  any  food  remains  undissolved  ;  each  por- 
tion, as  it  is  digested,  being  tlisposed  of  by  reah3ori>tion,  together 
with  its  solvent  flui<l.  There  is  accordingly,  during  digestion,  a  con- 
tinuous circulation  of  the  digestive  fluids   fi'om   the  bloodvessels  to 
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the  ttliinctiUir^'  canal,  and  frotn  the  aliiueiitary  canal  back  again  to  tbe 
bloodvessels. 

That  tbis  circulation  really  takes  place  is  shown  by  ihe  fnllnwing 
facts :  First,  if  a  doij  bt'  killed  sonic  lioiirs  after  fei-ding,  there  i«  never 
more  tliiin  a  very  shkiII  quantity  at'  lluid  found  in  the  Htouiueb,  just  suf- 
ficient to  8mear  over  ami  penetrate  the  half  digesteil  pieces  of  meat ;  and 
swondly,  in  tbe  living  auimal,  gastric  juice,  drawn  from  tlie  fistula  five 
or  six  hours  after  digestion  has  been  going  on,  contains  little  or  na  ujoro 
albuminous  matter  in  solution  than  that  extracted  fitleen  to  thirty 
minutes  after  the  introiUietion  of  food.  It  has  evidently  l>eeu  freshly 
secreted;  and,  in  onler  to  obtain  gastric  juice  saturated  with  alimentary 
matter,  it  must  be  nrtificially  digcMt^-cI  wilb  food  in  test-tubes,  where 
this  constimt  absorption  and  renovation  cnnnot  Inke  place. 

The  secretion  i)f  the  gastric  juice  is  uiueh  influence<i  by  nervous  condi- 
tions. It  was  noticed  by  Dr.  Beaumont,  in  his  experiments  upon  St. 
M.irtin,  that  irritation  of  the  teiniKT,  and  other  moral  causes,  would  fre- 
quently dirainislj  or  altogether  suspend  tlie  Bupjtiy  of  the  gastric  fluids. 
Any  febrile  action  in  the  system,  or  any  unusual  fatigue,  was  liable  to 
exert  a  similar  etl'eet.  Every  one  is  awnre  bow  readily  any  mental  dis- 
turbance, such  as  anxiety",  anger,  or  vexation,  will  tuke  away  the  appe- 
tite and  interfere  with  digestion.  Any  nervous  impression  of  this  kind, 
occurring  at  the  rtnurnrncfmeiit  of  digestion,  seems  moreover  to  pro- 
duce some  ctiange  which  has  a  Ia>*ting  etft«t  upon  the  process;  for  it  ia 
often  notiee<l  that  when  any  annoyance,  hurry,  or  anxiety  occurs  so(Hi 
afU-r  the  food  has  been  taken,  though  it  may  last  only  tor  a  few  moui»Mit», 
the  iligcstive  process  is  nctt  only  lt!d>le  to  be  suspended  for  tbe  time, 
hut  to  be  permanently  distuibwl  during  the  entire  day.  In  order  that 
digestion,  therefore,  may  go  on  pro[ierly  in  the  stomach,  foofl  must  be 
taken  only  when  the  a|ipetite  demands  it;  it  should  be  tlioronghly 
mjistioate<l  at  the  outset;  and,  fniallj',  both  mind  ainl  lio<ly,  particularly 
during  the  commencement  of  the  process,  should  be  free  from  any 
unusual  or  disagreeable  excitement. 

The  Pancreatic  Juice  and  its  Action  npon  the  Food. 

The  pancreas,  which  is  a  lobulat^d  gland,  similar  in  its  general  struc- 
ture to  the  salivary  glands,  lies  across  the  upper  part  of  the  alxlo- 
nien  in  such  a  manner  that  its  larger  or  right-hand  extremity  is  in 
contact  with  the  duodenum.  It  is  traversed  in  Its  longitudinal  direction 
by  its  main  excretory  duet,  which  rtHH'ives,  as  it  passes  from  left  to  right, 
the  Internl  branches  coming  fnmi  the  glandular  lobides,  and  finally,  in 
the  human  subject,  opens  into  the  cavity  of  the  duodenum,  closely 
adjacent  to  the  situation  of  the  common  liilinry  duct,  at  aljout  ten  centi- 
metres below  the  pyloric  orifice  of  the  stomach.  Its  secretion  thus 
enters  the  intestine,  and  mingles  with  the  substances  undergoing  diges- 
tion, almost  immediately  after  they  have  passed  from  the  stomach  into 
the  diio'lenum. 

Tbe  arrangement  of  the  gland  and  its  duct  is  similar  to  tbe  above,  in 
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not  nlways,  the  larger  of  tbo  two,  and  they  generally  communicate 
Mitli  each  other  by  a  transveiae  bmneh,  in  tlie  Bubstance  of  the  gland, 
]K?fore  opetiinjr  into  the  into-Htine.  Kven  in  the  human  subjetrt,  as  shown 
by  Hornaid,  KoIHlicr,  anrl  iSjijipev,  there  is  often  a  snuiller  ncceBsory  duct 
opening  into  the  intestine,  sometimes  above  and  eometiraefi  below  the 
Kituatioti  of  tlie  prineiital  one.  The  most  marked  peeuliarity  in  the 
arrangement  of  the  parta  la  seen  in  the  rabbit,  wliere  the  pancreatic  dnot 
is  single,  lint  ojiens  into  the  intestine  at  a  distance  of  from  30  to  40 
centimetres  below  the  orifiee  of  tl«e  bili.iry  duct. 

The  pancreatic  juice  hns  been  obtained  ia  many  instances  from  tlie 
living  nnimal  l)y  opening  the  aMonien  during  the  act  of  digestion,  iind 
itiserting  a  silver  cnrailri  into  tire  ])iiiieipal  pancreatic  duct,  imme<lintely 
l>efore  ita  entrance  into  the  intestine.  The  canula  being  secured  in  its 
position  by  a  liLjature  placed  round  thf  duct,  the  parts  are  retnnied 
into  the  alwloniinal  cavity,  nnd  the  external  wound  closed  with  sutures, 
lending  the  o[K!n  extremity  of  the  cnnula  projecting  lietween  its  edges. 
The  secretion  is  thus  diverted  from  the  intestine,  and  may  l)c  collected 
for  examination  as  it  flows  from  the  canula.  Tliis  operation  has  been 
done  most  frequently  upon  the  dog,  but  also  ujion  the  rabbit,  the  ox, 
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e  sheep,  the  gont,  the  pig,  and  the  goose.  Tlie  secretion  has  also  been 
obtaiiieil  from  the  horse,  \>y  openiiiji;  the  duuik'niim  ami  iuaeitiiig  the 
Canula  into  the  natural  oriiiee  <»l'  tlie  ptmcri-tttic  duct. 

Under  these  cireiiinstMuces,  the  listulii  produced  is  only  a  temporary 
one;  since  the  ligature  su^n  tuts  its  way  tliroiigh  the  duet   by  ulcera- 
tion, when   the  canula  falls  out  uml   the  wuuiid  closes  spoil tuneously, 
e  natural  cuuiinituication  uf  the  duet  with  the  intestine  being  at  the 
lime  tiiue  re-establiHiieti.     Even  in  the  <>x,  Colin  found  thnt  the  canula 
ibeeaiUf  displace<l  within  six  or  eight  days  fifter  the  opi'ration;  nnd  in 
the  dog,  according  to  Uernard,  the  name  thing  haiipens  at  the  end  of 
tHo  or  three  <lays.     Furthermore,  the  p:uierejis  being  very  sensitive  to 
external  irritation,  its  secret  ion  is  liable  to  become  altered  in  character 
uring  the  inflrinimatiirv  procusH,  nncl  it  is  therefore  to  be  culli-ctcd  for 
xaniination  only  within  the  Di-st  twenty-four  hours  after  the  insertion 
of  the  canula. 

A  permanent  pancreatic  fistula  has  been  successfully  established  by 
Ludwig  and  IJertistt-in,  by  ninkiiig  an  incision  in  the  side  of  the  pan- 
reatic  duet  near  the  intestine,  introducing  into  tlie  oriliec  thus  made  a 
caden  wire  extending  a  short  distance  each  way,  townrd  the  gland  and 
toward  the  duodenum,  and  provided,  with  an  arm  projecting  at  right 
angles  from  its  middle,  wliic-h  sa  allowed  to  protnule  from  the  external 
wound.  After  tlie  hfuling  of  the  parts,  the  fistuhi  is  thus  kept  perma- 
nently open  by  the  wire,  which  lies  somewhat  looseJy  in  the  cavity  of  the 
net  and  allows  the  secretion  to  escape  by  its  side.  Tlie  objection  to 
e  plan  is  that,  as  the  secretion  passes  by  a  narrow  fistulous  passage, 
it  may  !«•  mingled  with  uiuiatund  secretions. 
1^^  Plnjitical  Cliaravlcr  ami  iJ»»>i)0)tilioti  vf  the  Pancreatic  Juice. — The 
^^nancreatic  juice  obtaine<l  from  the  dog  within  the  first  day  after  the 
^introduction  of  tlie  catmlu,  and  while  digestion  is  going  on,  is  a  clear 
^HBolorless  fluid,  with  a  di-^tinctly  alkaliiie  reaction.  It  has  a  well  marked 
^Htrisculity,  somewhat  like  thiit  of  tlie  serum  of  blood,  or  inuioagulated 
^^white  of  egg,  and  ditlers  strongly  in  this  respvot  from  the  watery  con- 
sistency of  the  gastric  juice.  It  coagulates  completely  l>y  the  applica- 
tion of  a  iMjiling  temperature,  often  solidifying  into  a  uniform  jelly-like 
mass.  It  also  gelatinizes  partially  on  being  cooked  down  to  the  zero 
point  (82°  F.).  According  to  the  analj-ses  of  Schmidt,'  it  haa  the  fol- 
lowing composition : 
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The  most  important  ingredient  of  the  pancreatic  juice  is  \ta  animnl 
mutter,  known  as  pamrrealine.  It  is  this  substance  which  gives  to  the 
fluiJ  its  tunacioiis  or  viscid  character,  and,  in  the  secretion  obtained  by 
the  above  methrxl,  it  amounts  to  over  ten  per  cent,  of  the  whole, 
being  mure  ahinidaut  tliau  ail  the  other  solids  taken  together.  It  is 
also  considerably  more  abundant,  in  proportion,  than  the  albuminous 
ingredient  o\'  ajiy  other  of  the  digestive  (Ititds.  It  is  congulable  by 
heat,  by  nitric  acid,  by  alcohol,  and  also  by  magne.sium  sulphate  .<«dded 
in  excess.  In  this  last  paitieulur  it  differs  from  albumen,  which  is  not 
affecte^i  by  magnesium  sulphate.  Another  pi-ouliarity,  in  wliieh  it  I 
resembles  pepsitye,  is  that  after  l»cing  pn!cipitate«I  by  alcohol,  it  may  f 
l>e  again  dissolved  in  water,  retaining  all  its  original  proyverties.  By/ 
some  observers  it  is  constdeiwl  as  a  mixture  of  several  substances 
which  difler  from  each  otlitT  in  their  chemical  relations;  but,  taken  as 
a  wliole,  it  forms  a  strongly  marked  distinguishing  ingredient  of  the 
paucreatic  jiiiec. 

When  drawn  from  the  eanuJa  several  days  after  its  introdutlion,  or 
obtained  by  means  of  a  pemiaiient  fistula,  the  secretion  is  usually  more 
abundant,  but  poorer  in  its  organic  constituents.  Schmidt  found  that 
in  the  dog,  Imraediatelj  after  the  operation,  the  pancreatic  juice  was 
of  a  thick,  tenacious  consistency,  coutainiug  an  abundance  of  solid 
ingredients,  cousisting  principally  of  organic  uvattet* ;  while  that  ob- 
tained from  a  permanent  fistula  was  comparatively  thin  and  watery, 
coutaiuiiig  only  from  L5  to  3.6  percent,  of  solids,  of  which  not  more 
than  two-thirds  consisted  of  ori;[anie  matt<"r.  Other  observers  have 
met  with  the  same  dilfercnee.  The  fluid  obtained  soon  after  the  intro- 
duction of  the  canula,  during  the  period  of  digestion,  probably  repre- 
sents most  fully  the  normal  secretion. 

The  orgauic  matter  of  pauereatic  juice,  like  that  of  the  other 
digestive  secretions,  may  !»e  extracted  from  the  substance  of  the  gland- 
ular tissue.  For  tliis  pur[»ose  the  jwmcreaa  is  taken  out  from  the  dog 
or  pig,  killed  while  digestion  is  going  on,  a  few  hours  after  the  inges- 
tion L»f  food,  cut  into  smiJl  pieces,  or  ground  to  a  pulp  with  sand. 
Rud  allowed  to  macerate  fur  t*vo  hours  in  water  at  26*^  (77^  F.),  The 
filtered  fluid  contains  a  substance  nearly  or  quite  identical  in  its  pro- 
perties with  that  contained  in  the  jmnereatic  juice  itself.  It  may  also 
l>e  obtainc<l,  in  a  foim  better  adapted  for  |tcrmancnt  nse,  by  jjlaeing  the 
freshly  divideil  pancreas  for  twenty-four  hours  in  absolute  alcoliol,  then 
separating  it  from  the  alcohol,  aud  macemtiny  it  for  several  days  in 
glycerine,  which  is  sftcrward  liltered.  The  glycerine  extracts  the  or- 
ganic matter  of  the  glandular  tissue,  and  preserves  it  williout  alteration. 
It  may  lie  prccipitate<l  at  any  lime  from  the  glycerine  solution  by  the 
addition  of  strong  nleohol,  and  afterward  dissolved  in  water.  It  thus 
forms  a  watery  extract  of  the  pancreas. 

Phtjstiologicai  Properties  of  the   Pancreatic  Juiee This  secretion 

has  certain  well  marked  cliaractera  which  indicate  that  its  action  is  of 
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Tgreat  importance  in  the  tligeBtive  process,  altliough  tlie  precise  limits 

^ol'its  oijeraliou  are  nut  yet  fully  ilulenuineil. 

Ja  the  first  place,  the  psiucreatic  juice  has  Iho  power  o^  (ranaforming 
ttarch  into  auyar.  This  action  tiikes  place  with  great  rapidity  at  the 
tfiu[>erature  of  tlie  living  bo<ly.  According  to  llanly,'  it  is  much  more 
prompt  as  well  as  cuoic  complete  than  the  corresponding  change 
irotlucvd  by  saliva,  being  nL  the  temperature  of  40°  (104'^  F.)  almost 
iBtantancous ;  and,  while    the  traui* forming    action  of  galira  is  very 

l|)iiitial,  much  of  the  slnrch  lemaiuing  unchanged,  that  of  the  pancreatic 
juice  apitcuro  to  convert  the  whole  of  it  into  glucose.     Kroeger  found'' 

I  that  cue  gramme  of  fresh  pancreatic  juice,  at  the  temperature  of  35^^ 
j[i>3'^F.),  trausforuied  into   sugar,  within  thirty  minutes,  4.67  grammes 
of  starch;  while,  jiccoiding  to  our  own  observations,  if  one  granrmc  of 
fresh  human  saliva  he  mixed  at  38^  (l"<i-^  F. ),  with  a  watery  solution 
eontaining  less  than  0.1  gramme  of  boiled  stared,  though  the  sugar  re- 
actiun  becomes  manifest  in  one  minute,  a  large   portion  of  the  starch 
I        is  still  michangcd  at  the  end  of  an  hour.     It  is  certain  that  liydruted 
^Bjfttnrch,  all  hough  it  may  be  recognized  ffO"  a  long  time  in  the  Htomnch 
^■by  Its  iodine  reaction,  disappears  comiiletely  as   soon,  as  it  enters  the 
uj)per  part  of  the  duodenum.     Acconling  to  Kanke,^  pancivatic  juice 
causes  the  tnuis^roimation  not  only  of  liydraled,  hut  also  of  raw  starch; 
a  property  which  was   found  by    Buuchardat  and  Sandras  to  be  very 
Miergetic  in  the  secretion  of  the  common  fowl,  if  aided  by  a  slight  file- 
ration  of  tcm[)erature. 

The  organic  matter  of  the  pancreatic  juice,  which  pnxluces  this 
thnuge,  is  cojigulable  by  a  boiling  temperature,  and  after  its  solution 
bas  once  been  boiled,  it  is  imictive  in  regard  to  starchy  matters.  It  is 
produced  In  the  substance  of  the  glaml,  probably  by  the  trajjs^l'ormation 
jf  suipe  prejFiously  furmod  material,  .since  it  has  been  found  by  Liver- 
idge,*  tliat  after  it  ims  been  com[)letely  extracted  fnmi  the  cliopi>ed 
glandular  tissue  liy  treatment  with  glycerine,  if  the  inactive  residue  be 
ransferreil  to  a  filler,  and  allowed  to  remain  exposal  to  the  air  for  five 
ir  six  hours,  it  is  regeneratcil,  and  msvy  he  again  extracted  by  the  addi- 
tion of  water  or  glycerine.  This  i^  uudoiditcdly  due  to  a  real  rei)ro<luo 
^^tion  of  the  active  organic  substance,  and  is  not  the  result  of  a  piitrefac- 
^■Ive  change,  since  the  same  observer  foimd  that  a  watery  cstrnct  of  the 
^^pancreas,  wlfich  hatj  once  been  dc]>rived  of  its  action  on  starch  by  boil- 

Irng,  never  regained  this  property  at  any  stage  of  subHcqueut  decompo- 
Mtioa. 
f   Secondly,  the  pancreatic  juice  has  the  power  of  emvhifying  (he  fa  in. 
This  is  perhaps  its  most  marked  and  peculiar  property',  by  which  it  is 
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especially  distingiiislicil  from  the  oUilt  digestive  secretions.  If  a  fluid 
ftttly  subalatjce,  -suuli  tis  olive  oil  or  mdlcil  butter,  be  shaken  up  in  a 
test-tutie  witb  tiie  aniiva,  the  gaatric  juioe,  the  bile,  or  aiiy  of  tbo 
excreted  fluids,  it  suflbra  no  change  in  its  plijsical  characters.  It  is 
parlially  broken  up  by  tlic  uiccliMJUcnl  agitation,  but,  on  Ijcing  allowed 
to  remain  at  rest,  the  oil  globtil^js  run  together  and  soon  collect  in  a 
distinct  layer  npon  the  siMluce  of  the  liiiuid.  If,  on  tlie  contrary,  the 
same  experiment  be  tried  uitb  fresh  pancreatic  juice,  tlie  oil  is  instantly 
broken  up  into  a  state  of  tine  wulxlivision,  [>roducing  a  uniformly  white, 
opaque,  miiky  looking  fluid.  The  euiuiaion  thus  formed  is  permanent, 
the  luicroacopic  fat  gruuules  being  held  iu  suapeiision  by  the  organic 
matter  of  the  secretion,  and  thus  prevented  from  uniting  into  visible  oil 
dro|is.  If  the  proportion  of  oily  matter  be  considerable,  a  jiart  of  it  may 
rise  to  tlie  surface  aa  a  creamy  layer,  and  if  it  be  in  excess,  the  super- 
fluous portion  will  also  rise  lo  the  upper  part  of  the  liquid ;  but  the 
remaiudL-r  will  conlinue  iudettuilcl}'  in  the  eniulsioncd  condition,  dia- 
semiuated  unifuriuiy  through  thu  tluitl  mixliire. 

The  eiuutsilying  proj>erty  of  tlie  paiicrezitic  juice  is  very  active,  when 
the  secretion  exbil«ta  its  noi-mal  characters,  beraard  louud  that  the 
freshly  extracted  juice  formed  a  eoin|)lete  emulsion  at  38°  (100'  F.)  with 
olive  oil,  butter,  suet,  or  lard,  wbcti  mixed  with  either  of  these  substancea 
in  tlie  pro[H>ition  of  one  gramme  of  otengiudus  matter  to  two  grammes 
of  pancreatic  juice.  The  emulsion  thus  produced  retained  its  physical 
appearance  urn-hanged,  althotigh  allowecl  to  remain  at  the  alwve  tempe- 
rature for  filteen  or  eighteen  hours. 

The  power  of  the  pancientie  juice  to  pjnulsify  oils,  though  facilitated 
by  its  alkaline  reaction,  does  not  de|>end  iijion  the  free  alkali,  but  is 
mainly  due  to  the  attion  of  its  org-inic  miitter.  This  is  indicate<I  by  the 
fact  that  otlicr  auinud  llnids  which  are  also  alkaline  do  not  have  the 
Barae  power  in  a  currespDuding  degree;  arnl  Bernard  ha.s  shown  that  the 
])ancrcatic  juice,  after  being  neutralized  by  a  dilute  acid,  still  retains  its 
property  of  acting  upon  the  fats. 

The  |*roperly  of  eumlsifyitig  oily  matters,  first  shown  to  exist  in  the 
pancreatic  juice  of  the  dug,  has  Iwcn  found  by  Colin  in  that  of  tJie 
horse,  the  ass,  the  ox,  the  sheeii,  and  the  pig;  niiil  by  Bernard  has  been 
foun<l  fully  developed  in  that  o\'  the  go<Jse.  According  to  Colin,  its 
intensity,  in  these  (lilferent  animals,  is  proi)ortional  to  the  tjuantity  of 
/albuuiiimus  matter  contained  iu  the  secretion  ;  one  part  of  oil  requiring,! 
for  complete  emulsion,  from  two  to  three  parts 
when  its  albuminous  ingredient  is  abundant,  and  four 
when  the  proportion  of  this  substance  is  diminished, 

Ttierc  is  every  evidence  that  the  eraulsifving  action  of  the  pancreatic 
juice  is  of  the  tirst  imiK>rt:uiee  in  tlie  digcKtiou  of  fatty  substances. 
These  substances  are  not  allectcd  by  contact  with  gastric  juice  outside 
the  body  ;  aad  examination  shows  that  they  are  not  iligested  in  the 
stomach,  but  are  unchanged  in  their  essential  character  so  long  as  they 
remain  in  the  gastric  cavity.     They  are  merely  melted  by  the  warmth 
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of  the  organ,  nnd  set  free  by  the  solution  of  the  Teeicles,  fibres,  or  capil- 
lary tubt's  in  which  they  mo  cuutniiieil,  ur  nmong  wliich  tliey  nre 
entangled;  and  they  are  still  readily  discernible,  floating  in  larger  or 
snialJer  drops  on  the  Burfiiee  of  the  semi-fluid  «limentur>*  mnss.  Very 
soon,  however,  ofter  hi  eiitnnice  into  liie  intestine,  the  oily  jiortion  of 
the  food  loses  its  chiiraetiTistic  a|ii)eiuuiice,  and  is  conveiteil  into  a 
while,  opaque  emulsiion,  whieh  is  ginihially  al)sorJ>e<L  Thj^s  emiilgion 
is  t<?nued  the  tAy/c,  and  i:(  ahvay??  found  in  the  small  intestine  during 
tlie  digestion  of~rat,  entniitrlt'd  :imong  the  valvuiie  eonniventus,  and 
adhering  to  tiie  surface  of  the  villi.  The  digcKtiou  of  fatty  snbstmicea 
aceordingly  consists  mainly  in  tlieir  emulsion,  I13'  which  they  are  eon- 
vertefl  into  chylo  and  made  ready  for  absorption.  This  cliauge  begins 
to  take  place  in  the  dnodenmn,  iuime<liately  IkIow  the  orifife  of  the 
pancreatie  duet,  lint  as  the  pancreatic  and  biliary  diu-ts  in  most  ani- 
mals open  into  the  intestine  in  coni])any  or  in  close  jnxl!i|iositiiin  with 
each  other,  it  might,  from  this  circnmstanco  abjne,  be  doubtful  whether 
the  two  secretions  have  not  an  ei]u:il  share  in  producing  the  elfect.  Ber- 
nanl  first  removed  the  doubt  l>y  exnniining  the  products  of  digestion  iu 
the  rabbit.  In  this  animal,  the  biliary  duct  opens,  in  the  usual  manner, 
just  below  the  pylorus,  while  the  pancreatic  duct,  as  stated  above,  com- 
munie.itcs  separately  with  the  intestine  30  or  40  centimetres  farther 
down ;  so  that  there  is  heie  a  considerable  extent  of  tlie  small  intestine 
Iready  containing  bile,  but  into  which  (ho  pancreatic  juice  has  not 
■yet  been  discharged.  Bernard  fed  ihesc  aninnds  with  substances  con- 
taining oil,  or  injected  melted  butler  into  the  stomach  ;  and,  on  killing 
them  alXerward.  found  that  there  was  no  chyle  in  the  intestine  between 
the  oi"»ening3  of  the  biliary  and  pancreatic  ducts,  but  that  it  was  abun- 
dant immetliately  below  the  orifice  of  the  latter.  Above  this  point,  also, 
he  found  the  lacleals  em[>ty  or  transparent,  while  Ixdow  it  they  were 
full  of  white,  opat|Ue  i-Iiyle.  These  experiments,  which  were  confirmed 
by  Prof.  Samuel  Jackson,'  fully  demonstrate  that  the  emtilsilying  action 
of  the  pancreatic  juice  upuu  oily  matters  is  exerted  within  the  body 
during  digestion,  and  is  the  direct  agent  in  the  pro<luction  of  chyle  in 
the  intestine. 

Thirdly,  the  pancreatic  juice  at  the  temperature  of  the  living  body 
gradually  dinsoloes  coagululi'd  alfniminuuit  vialtere^  This  prnjierty  of 
the  secretion,  first  recognized  by  Bernnnl  and  Corvisart,  has  been  alter- 
nately confirn)ed  anfl  denied  by  various  subsequent  ol»servers.  Among 
those  who  found  in  the  pancreatic  juice  more  or  less  |>ower  of  this  kind, 
some  stated  it  to  l>e  t)idy  present  when  the  fluid  was  acidulated  (Mcissner), 
while  others  maintained  that  it  could  only  bo  exerted  in  presence  of  an 
nikaline  reaction  (VVundt);  and  the  information  obtained  in  regard  to 
the  process  has  been  generally  much  less  distinct  and  satisfactory  than 
that  relating  to  the  other  properties  of  the  secretion.     The  most  <lefiaite 


'  American  Joarual  of  ibc  Medical  Sciences.     Philadelphia,  October,  1854. 
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an<l  vahmlilG  obscrvationa  on  this  subject  are  those  of  Kiihne,'  who  CX- 
jKjriiiu'Jitcd  both  with  the  |>aiicreati(3  juit-e  of  the  dog,  and  also  with  iufu- 
sions  of  t!ie  glandular  tissue.  He  found  that  the  fresh  viscid  socretion 
could,  in  from  half  an  hour  to  three  hours,  effect  the  solution  of  coagulated 
tibriue  and  nlhuuieu,  without  any  modillcntion  of  its  alkaline  reaction, 
and  without  giving  rise  to  sigua  of  putrefaction;  the  albumiuoua  matr 
ters,  thus  dissolved,  bein<j  changed  into  a  substance  not  coagulable  by 
boiling  and  rearlily  ditlusible  through  [)archment  put>er.  The  product  of 
ttiis  action  aceonlingly  resembles  that  obtained  from  a  similar  digestion 
with  the  pepsine  of  gastric  juice. 

In  his  experimenta  with  the  glandular  tissue,  Eiihne  placed  the  finely 
dividefl  gtand  in  warm  water  together  with  a  weighwl  quantity  of  the 
sulistance  to  be  exj>erjmented  on  ;  allowing  the  infusion  of  the  pancreas 
and  tlie  digestion  of  the  nlbuininuus  matter  to  proceed  simultaneously, 
lie  found  that  when  enijiloying  for  thj-s  purpose  a  dog's  pancreas  of  from 
50  to  60  grammes  weight,  400  grammes  of  Ixiiled  and  pressed  fibrine, 
after  remaining  in  the  infusion  at  40^  to  4.')°  (IO4010  113J  F.)  for  from 
three  to  six  hours,  were  reduced  to  an  insignificant  residue,  the  reaction 
of  the  mas8  continuing  throtigliout  faintly  alkaline. 

The  details  of  this  process,  however,  arc  dillerent  in  some  respects 
from  those  of  digestion  in  gastric  juice.  If  bits  of  coagulated  fibrine 
be  [jiaced  in  gastric  juice,  or  an  aeidulatcd  solution  of  pepsine,  they  first 
swell  up  and  become  transparent  under  the  influence  of  the  free  acid; 
and  this  action  is  preliminary  to  their  subsequent  BoUition  and  trausfor- 
niation  into  albiuninose.  Hut  in  an  infusion  of  the  pancreas,  accoi-diog 
lo  Kiihue,  the  pieces  of  fibrine  do  not  become  at  all  swollen  or  altered 
in  transparency,  even  when  considerably  softened  and  near  the  point 
of  solution.  They  nre,  however,  essentially  modified  in  their  i»h3"8ical 
and  chemical  pro[ierties.  Hoiled  fibrin*',  by  itself,  is  but  slowly  atfectcd 
by  dihilo  aeids  or  alkalies,  and  is  nearly  or  quite  insoluble  in  a  ten  per 
cent,  solution  of  hydrochloric  acid;  but  after  remaining  for  a  time  in 
an  infusion  of  the  pancreas,  a  part  of  it  is  found  to  be  almost  instantly 
soluble  in  a  solution  of  hydrochloric  acid  r»f  one  part  per  thousand. 

It  is  evident,  accordingly,  that  the  organic  matter  of  the  pancreatic 
juice  may  exert  a  transfonnirig  actinn  on  tiie  albuminous  matters,  some- 
what analogous  to  that  of  tlie  pepsine  of  gastric  juice.  IJow  far  this 
action  takes  place  in  the  natural  process  of  digestion  has  not  Iwcn 
<le  in  oust  rated  by  direet  observatif>n,  but  it  is  possible  that  the  two 
Beeretions  may  bcJujiotnc  degree  couiplementary  to^aeli  otJier,  Tn  the 
gastric  juice,  we  have  an  abundant  fluid  with  an  acid  reaction,  and  with 
a  small  ]>roi)ortion  of  organic  substance ;  in  the  pancreatic  juice  a  com- 
paratively scanty  secretion,  but  with  a  much  larger  ])rojiortion  of  organic 
matter,  capable  of  exerting  a  transforniiug  power  on  the  albuminous 
intrradieuts  of  the  food.  While  the  gastric  juice  acts  alone  in  the 
stomach,  softening  and  disintegrating  the  food,  and  actually  dissolving 

'  Archiv  fUr  PathologLscho  Aaatomie  nod  Physiologic,  1867,  xxxix.  p.  130. 
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loK'  course  of  tlit-  c"X|Ki"imi'ut.  j  Its  flow,  liowc'Vcr,  is  ut  all    timed 
mty,  as  cotDpared  with  that  of  the  gastric  juice.     We  have  never 


I      a,  part  of  it ;  in  the  intestine  the  two  seoretions  may  act  together,  to 

^BAoiiiplete  the  iiqiiefaL-tiua  ol'  the  ulitiieutary  luuterinls. 

^H     Mode  of  H'crdii/n   and  Dody  Quantity  uj  ike  J'ancreatic  Juice. — 

^H|r  examined  ill  tfie  living  animul  by  lueaui:)  of  :i  conula  introduced  into 

^Hts  excretory  <IuGt,  it  is  tbiiiul  that  the  uctioii  of  tbe  |>aiierea8  is  by  no 

^Bineaiis  the  same  at  didereiit  times.     If  there  be  no  ('u«m1  in  liie  stouiiich  or 

intestine,  or  if  the  process  of  digestion  Ix'  arreste*.!  from  any  cause,  no 

fluid  whatever  is  discharged  from  tbe  eauuht.     If  digestion  be  going  on, 

1^      the  pancreatic  juiee  sotMi  begins  to  run  fn>m  the  oritiee  of  the  tube,  at 

^Birst  sbiwiy  and  in  successive  drops.     Sometimes  the  drops  follow  each 

^■other  with   rapidity  for  a  few  momeutti,  ami  then  an  interval   occurs 

during  which  the  secretion  seems  entirely  suspended.     After  a  time  it 

recuiumencea,  and  cdiitinues  to  exhibit  similar  tiiietuatious  during  the 

whi 

[      scanty, 

been  able  to  collect,  in  a  good  sized  dog,  more  than  75  grammes  in  the 

cou»*se  of  tliree  hours,  ami  usually  the  nutintity  msh  much  less  than  this. 

Colin  found  a  great  variation  in  the  animals  upon  whieli  he  experimented, 

_the  quantity  being  from  two  and  a  half  to  tinrty  times  as  abimdant  at 

>ne  }^K?riod  R8  at  another.     In  the  bullock,  the  largest  quantity  obtained 

342  grammes  per  hour  while  the  aniniid  wasen^agei^l  in  runiinatiun. 

Je  entire  cpmntity  of  pnnerentic  jnuv  seere!e<l   pi-r  day  cannot  be 

Ictermined  with  i)reci»ion,  but  it  is  evidently  mo<ierato  in  amount,  as 

)mpared  with  the  other  digestive  fluids.     In  the  ox,  cow,  and  horse, 

Jolin   found   tlie  average  quantity  nearly  the  same,  corresponding  to 

about  0.58  gntmme   per   hour  fur  every   kih>gramme  of  the  animars 

^^weight.     Schmidt,  in  his  espcrimenta  upon  the  dog,  found  it,  in  recently 

^Bstablished  fistulte,  not  more  than  0.2  gramme  per  kilogramme  per  hour. 

^Bn  the  most  successful  instances,  we  have  found  it  in  the  dog,  as  much 

^^s  1.25  grammes  per  kilogramme  jier  hour  during  active  digestion,  but 

much  less  than  this  in  the  intervals.     If  wo  take,  as  the  average  of  these 

estimates,  0.5  griimme  per  hour  for  every  kilogramme  of  botlily  weight, 

it  would  give  for  a  man  of  medium  size  about  800  grammes  as  the  entire 

quantity  oC  pancreatic  juice  secreted  per  dai*. 

The  condition  of  the  pancreas  varies  at  different  periods  corresponding 
with  the  activity  of  its  secretion.     Th  the  intervals  of  digestion  it  is 
comparatively  pallid  and  dense;  durincj  digestion  it  becomes  lurgid  and 
vascular,  its  rudtly  color  showing  the  increased  quantity  of  blood  circu- 
lating in  its  vessels.     According  to  most  ol>scr\'ers,  the  substance  which 
is  eflBcient  in  the  solution  of  albuminous  matters  cnn  only  Ite  extracte<l 
from  the  pancreas  at  this  time,  during  the  height  of  its  vascularity  and 
iligeative  action,  which,  in  the  dog,  is  fmm  five  to  seven  hours  after  the 
^^ingestion  of  food.     When  the  process  of  digestion  is  terminate*!,  its 
^bkscularity  again  diminishes,  and   the  organ  returns  to  its  quiescent 
^^Jondition.     This  periodicti!  excitement  during  the  period  of  functional 
[      activity,  though  well  marked  in  tlie  ])ancrea8,  is  not  peculiar  to  it,  but 
may  also  be  seen  in  the  mucous  membrane  of  the  stomach  and  the  small 
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intestine.     It  probably  exists,  more  or  less  fully  develojHjd,  in  nil 
organs  taking  part  in  tlie  digestive  process. 

The  Intestinal  Juice  and  Digestion  in  the  Intestine. 
The  secretory  apimratiis  ol'tho  STiiull  intestine  consists  of  two  sets  of 
glandnhir  (jrgjius,  nauiLly,  first,  Binnner's  glands,  which  are  compound 
or  iobiilated,  aiiti  cuiiHufd  to  tlje  uui>er  ])nri  of  the  duodenum,  funning 
a  sort  of  collai"  round  tlie  intestine  Ibr  a  distance  of  several  cennnieties 
from  tilt'  pylorus;  aud,  secondly,  the /ollicleis  of  LieberL-uhn,  vrhhh  are 
eiuiplt!  tuluilai-  glandules,  ot-eupyiiig  tlie  substance  of  the  mucous  uiem- 
brauu  far  tlie  whole  length  of  the  small  intestine. 


« 


LoHBiTPDi  NAi:.SKfTionoKWAi-t.iirDt'oi>K.NrM  iH  thbDoo;  sbowloK  the  iUb- 
miiRouii  lfi)-pr  of  Uruuner'H  UlniKls.  a.  AIucoui  mcmbrnne.  li>  Lnyer  of  tubtnucouscouDectlTe 
tissue,  la  which  the  i^Inndinrealtuittod.  c.  MuBOuKrcoal,  d.  Peritoneal  coat.  c.  Brunnvr** 
KlitnJa,  with  their  ducti  opening  upon  the  free  mirrace  of  the  mueou*  membrane.    (Bernnnl.) 

Hrunuer's  glands,  or  the  dmxlenal  glundules  as  they  are  sometimes 
i;nlled,  ui-e  sitiiuled  in  the  subiuueuiis  layer  of  cuuneclive  tissue  in  this 
part  of  the  intestine.  They  are  B|>horical,  or,  when  tliiekly  set,  irregu- 
larly flattened  or  polyf^ontd  in  shape  from  mutual  pressure,  and  from  ^ 
tu  I  millimetre  in  diameter. 


Fig.  48 


Fig,  49. 


Entire  BrntrNit ir'sGla  np,  from  faumKo  Inteatine. 

(Frcy.) 


Portion    of    one  of   BRrsKKK's 
Olahds,  from  human  tnteatlne. 


In  their  stnieturp,  the  glands  are  similar  to  the  loholated  glandules 
of  Mir  month,  beinij;  enmiiosed  of  rounded  fullicles  clustered  about  a 
centrnl  bnmehincj  exeretory  duet.  Each  follicle  is  about  -j'^  of  a  milli- 
metre in  diameter,  and  consists  of  a  delicate  membrajious  wall,  lined 
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with  ceUs  of  glamlulnr  L'|>ithelium,  showing  small  but  distinctlj*  marked 
nuclei.  The  follicles  collecteil  rouiul  each  Iciiuiiuil  bniucli  of  the  main 
iluct  are  bound  together  by  a  tliiii  layer  of  connective  tissue,  aud  covered 
with  a  j»k'xus  of  capillary  bloodvessels. 

The  follicles  of  Liclierkiihn,  which  are  much  more  nnmeroiw  than  the 
preceding,  arc  not  silunteil  in  tlie  aubmucoiis  connective  tissue,  but 
occupy  the  entire  thickness  of  the  mucous  membrane,  forming,  like  the 

trie  follicles  in  the  mucous  membrane  of  the  stomach,  the  greater  part 
its    sulwtance.     They    are 
simple,  nearly  straight  tnbnles,  F'b'  ^'^• 

from  -,*j  to  ^*j  of  a  millimetre 
in  diameter,  lined  thionghout 
with  cylimlrichl  eijithtliinn, 
o|)ening  by  their  oriticcs  upon 
the  free  surfHoc  of  the  intes- 
tinal mucous  membrane  and 
terminating  below  by  rymided 
extremities.  They  are  so 
thickly  set  that  in  many  places 
there  appears  to  be  no  space 
left  between  them,  except  that 
ot»eupied  by  the  capillary 
bloodvessels  which  encircle 
them  in  everv  direction. 

The  fluid  produced  by  the 
raucous  membrane  of  the  small 
intestine  cotisi»its  of  a  mixture 
of  the  secretions  of  these  two  E>ets  of  glands.     But  as,  owing  to  the  situa- 

in  of  Brunner's  glands,  it  Ims  !x'«'U  found  impossible  to  obtain  their 

retiun  uitmixe«i  with  otln-r  fluids,  and  as  it  is  evidently  much  less 
abundant  than  that  produced  in  the  remainder  of  tlie  intestine,,  the 
secretion  of  the  follicles  of  Lielx;rkiihn  is  regarded  as  the  nutin  con- 
stituent of  the  intesliiial  juice.  It  is  by  no  means  easy  to  obtain  tl»i» 
fluid  in  a  pure  form  and  in  nomiat  ci»n<lilion.  There  is  no  single  excre- 
tory duct,  like  that  of  the  pancreas,  into  which  a  cannla  might  be 
inserted  ;  and  a  fistulous  opening  made  in  the  intestine  itself  would  of 
course  yield  a  mixture  of  all  the  bccretions  discharged  into  its  cavity. 
If  these  should  be  shut  otf  by  a  ligature  permanently  np{)lied  above 
the  fistula,  the  dtslnrbance  of  the  digestive  process  would  be  so  great, 
that  the  experiment  ould  hardly  be  expected  to  give  a  valuable  result. 

Nevertheless,  attempts  have  been  made,  by  A'arlous  methods,  to 
obtain  the  intestinal  juice  in  condilion  sufllcienlly  pure  for  examination. 
Bidder  and  Schmidt  first  tied  the  biliary  and  pancreatic  ducts,  and  then 
established  an  intestinal  fistula  below,  from  which  they  extracted  the 
fluids  accumulated  in  the  cavity  of  the  gut.  Frerichs  oi)erated  by 
opening  the  ab<:lomen,  taking  out  a  loop  of  intestine,  emptying  it  so 
far  as  possible  by  gentle  pressure,  isolating  its  cavity  by  the  application 


FOLLCCLBB  or   LiEBERKTHK,  from  Smnll  la- 
tcftlne  ot  I>og. 


of  two  ligatures  15  or  20  centimetres  apart,  and  returning  the  whole 
into  thf  abdomijiul  cavity.  A  tier  a  few  Lours  ihe  auiinal  was  killed, 
and  the  fluid,  which  had  collected  in  the  isolated  portion  of  intestine, 
tiiken  out  niid  examined.  Colin  adopted  a  similar  method,  but  with 
greater  precuuLions,  in  the  horse.     lu  one  of  these  animals,  while  diges- 


Fig.  51. 


tion  was  in  full  activity',  he  took  out,  through  an  opening  in  the  left 
flank,  a  loop  of  suiall  intestine,  which  he  isohited  by  two  coiupressors, 
made  of  flat  woodi'u  or  nietallic  etripa,  envi-lo[ted  by  ft  ribbon  of  velvet, 
and  fastened  by  screws  in  such  a  way  that  the  inner  surfaces  of  the 
intestine  might  be  retaine<i  in  close  contact,  without  bruising  or  lacerat- 
ing; tiieir  tissues.  The  compressor!*  Iwiog  applied  at  a  distance  of  from 
one  to  two  metres  apart  after  the  included  portion  of  intestine  had 
been  emptied  by  gt^ntlc  pressure,  the  whole  was  returned  into  the  abdo- 
men, the  ex  tenia!  woiuul  closed  by  sutures  and  the  animal  killed  at  the 
end  of  h:df  an  hour. 

On  the  average,  100  grammes  of  fluid  had  accumulated  within  this 
time.  It  was  clear,  with  a  slightly  yellowish  or  amber  tint,  alkaline  in 
reaction,  and  with  n  specific  gravity  of  1010.  According  to  the  analysiii 
of  Lassaigne,  it  was  composed  an  follows: 


INTESTINAL   JUICE    AND    DIGESTION    IN    INTESTINE. 


Composition  of  Intestinal  Jficb  fhom  thb  Horsb. 

Water 

Albaniinoas  mattcT 
Sodium  chloride 
PutHisiuin  clituride 
BoOium  phosphate 
Sodium  carbonate 


9810 
4.5 

14.5 


1000.0 

Thiry  separated  a  portion  of  the  small  intestine  from  the  remainder 
by  two  transverse  seclioiis,  leaving  the  mosenterj'  and  vessels  of  the 
isolated  portion  uninjured,  and  tlseii  united  by  sutures  the  divided  ends 
of  the  reniiiiniug  portiuns,  sons  to  rc-est:ibJtsli  the  continuity  of  tlie  intes- 
tine, but  witli  a  [MJitiuu  of  it,  10  or  15  centiuieties  long,  lut't  out.  Of 
tliis  isolated  portion,  still  nourished  by  its  vessels,  he  closed  one  end 
by  sutures,  so  as  to  make  of  it  a  blind  extreniily,  while  llie  other  lie 
fasteued  to  the  edges  of  the  extern:iJ  wound  in  such  a  way  as  to  make 
of  it  a  permanent  fistula.  When  all  the  paitn  h;ul  healed,  and  natural 
digestion  was  ri'-established,  he  collected  the  fluid  discharged  from  the 
o|)en  end  of  the  isolateil  {)ortion  of  intestine.  This  operation  has  Ijeen 
reix?ate«l  by  other  observers.  The  objection  to  it  is  that  the  isolatt-d  por- 
tion of  intestine,  alter  l»eing  for  Kome  weeks  precluded  from  taking  part 
in  the  process  of  <ligestion,  becomea  partiidly  atrophied,  and  c:uinot 
be  relied  on  as  furnishing  a  secretion  similar  to  tUe  normal  intestinal 
juice-  The  results  obtained  vary,  some  of  them  indicating  that  the 
secretion  converts  Btareli  into  sugar  and  has  a  dissolving  action  ou 
eoagulated  albuminous  matters,  others  that  these  properties  are  some- 
times absent  or  but  slightly  developed. 

On  the  whole,  the  method  ailopted  by  Frerichs  and  Colin,  with  its 
various  modifications,  seems  to  Vni  the  bvst  and  has  furnished  the  most 
nniform  results.  Colin  Ibtnid  that  the  fluid  obtained  in  this  way  has  the 
power  of  slowly  transfflruiiug  h^diated  staieli  iiit^o  sugar,  and  of  emul- 
sioning  f^tty  matters  with  considerable  energy.  One  part  of  olive  oil, 
treateil  with  five  or  six  parts  of  intestinal  juice,  was  transformed  into  a 
homogeneous  mixture  of  a  white  color;  and  oil  injected  into  the  isolated 
portion  of  intestine,  in  the  living  animal,  was  found,  after  an  hour,  re- 
duce«l  to  tlie  condition  of  whitish  homogeneous  flukes. 

Bernard  obtained  from  a  healthy  dog  which  had  been  without  foo«l 
for  twelve  days,  by  an  opening  in  the  intestine  60  centimetres  below  the 
pylorus,  a  transparent,  amber  eoloreiJ,  alkaline  fluid,  which  coagulated 
by  heat,  emulsioncd  oily  matters  distinctly  though  not  strongly,  and 
fected  the  trinsfomiatioii  of  hydrated  starch.  A  small  quantity  of 
lelted  lard  having  been  injected  into  the  lower  part  of  the  intestine 
and  a  ligature  placed  above,  at  the  end  of  an  hour  and  a  half  the  lower 
part  of  the  intestine  was  found  turgid,  with  emulsioncd  fat  in  its  cavity, 
and  its  chyliferous  vessels  filled  with  opaque  chyle. 

It  appear,?  accordingly  that  the  intestinal  jtiice,  so  far  as  ascertained 


by  direct  observation,  ia  a  comparativfly  scanty,  alkfiline  flnid,  contain- 
ing au  albmninoua  iiigiedu'rvt  t-apalJii  of  fO[in:iihitiun  by  beat.  It  exerts 
an  aytjjai  uponstajicli^'  antl  fiiU^"  matters  siinitar  to  tluit  of  the  pancic^ic 
juice,  but  li"S9  energetic  in  ojjeratiui.  Its  action  upon  albiituinoits 
matters  is  less  distinct,  and  has  sometimes  been  founcJ  to  be  absent  or 
feebly  de\*eloped.  It  is  iiudoul>tedly  of  importance  as  accessory  to  the 
other  digestive  secretions,  but  tlie  precise  mo<le  and  extent  of  its  optrra- 
tion  have  not  yet  been  detcrmijicd. 

In  the  jirocess  of  intestinal  digestion  a  number  of  different  actions 
are  going  on  at  tlie  same  litne.  The  materials  of  the  food,  disinte- 
grated and  parti}-  dissolved  in  the  stomach,  pass  through  the  pylorus 
into  t!ie  intestine  stilt  niintjled  with  a  notable  qnuiitity  of  gastric  juictt, 
and  are  there  subjected  to  the  action  of  tlie  renuviniiig  digestive  secre- 
tions. Il3cirate(l  starch,  set  free  by  the  solution  of  the  albuniinoua 
matters  with  wliich  it  was  associated,  rapidly  undergoes  the  conver- 
sion into  glucose,  and  tlie  saccharine  lluitl  so  produced  is  promptly  ab- 
sorbed. If  a  dog  be  fed  ■ftilh  a  mixture  of  meat  and  boiled  starch, 
although  this  conversion  does  not  iK-gin  until  the  fluids  enter  the  dno- 
denuni,  we  have  found,  in  some  instances,  that  at  the  eud  of  three- 
({narters  of  nn  hour  :dl  traces  of  both  starch  and  sugar  had  disappeared 
from  both  stoniricli  and  intestine.  Raw  stnrch  in  the  lower  animals  is 
digested  more  slowly  but  in  a  similar  manner.  Douubardat  and  Sandras, 
in  examining  tlie  alimentary  canal  of  the  rabbit  when  fed  with  potato, 
found  the  grains  of  starch  only  slight]3-  changed  in  the  stomach,  hut  in 
ttie  small  intestine  they  were  altered,  corroded,  and  more  or  less  dis- 
solved  in  proportion  ns  thcj'  had  descended  the  intestinal  canal,  while  in 
the  rectum  only  feeble  traces  of  them  remained. 

All  observers  agree  that  cane  sugar  undergoes  the  transformation 
Into  glucose  by  cqutact  with  the  intcstigal  jnic-es.  This  ccmversion 
may  be  slowly  ctTected  by  the  action  of  gastric  juice  alone.  If  one 
part  of  cnnc  sugar  be  dissolved  in  20  parts  of  dog's  gastric  juice,  and 
kept  at  38''  (KKPF.)  the  mixture  will  give  traces  of  glucose  at  the  end. 
of  two  hours,  ami  in  three  hours  its  quantity  is  considerable.  It  cannot 
be  shown,  however,  that  the  gastric  juice  exerts  this  etfuct  on  sugar  du^ 
ing  ordinary  digestion.  If  pure  cane  sugar  be  given  to  a  dog  with  a 
gastric  fistula  whde  digestion  of  meat  is  going  on,  it  disappears  in  from 
two  to  three  hours,  without  any  glucose  being  detected  in  the  fluids 
withdrawn  frt«m  the  sloraiTch.  It  is,  therefore,  either  directly  absorbed 
under  the  form  of  cane  sugar,  or  passes,  little  by  Httle,  into  the  duode- 
num,  where  the  intestinal  fluids  convert  it  into  glucose. 

Fatty  matters,  w  hicfa  are  simply  molted  In  the  stomach,  or  set  free  by 
the  liquefaction  of  the  tissues  which  contnin  them,  on  entering  the  intes- 
tine begin  to  be  crauUiftud  hy  the  pancreatic  and  intestinal  juices.  This 
process  continues  throughout  the  small  intestine,  together  with  the  com- 
plete solution  of  muscnhar  flesh  which  has  been  disintegrated  by  stomach 
digestion.  If  a  dog,  with  a  permanent  dnodenal  fistula,  be  examined 
during  the  digestion  of  animal  food,  the  fluid  drawn  from  the  fistula 
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iritbin  tbe  first  hour  contaiuB  gastric  juice,  and  is  turbid  with  the  rem- 
nants of  disintegrated  iniiscular  tissue,  mixed  with  fat  vesicles  and  oil 
Ldrops.  This  turbid  mixture  grows  constantly  tbit-ker  and  more  gruclly 
consistency  from  the  second  to  the  tenth  or  tbe  twelfth  hour  ;  after 
which  tbe  discharcje  i»f  fluid  from  tliis  part  of  the  intestine  becomes  less 
abundant,  and  fiually  cuases  almont  completely,  as  digestion  comes  to 
an  end. 

The  gradual  alteration  ui  the  ingredients  of  the  food  may  also  be 
seen  by  killing  the  animal  while  digestion  is  going  oii,  and  examining 
the  contents  of  the  alimeutary 

canal.     If  the  foo<l  consisted  of  Fig.  .'►2. 

muscular  flesh  and  adipose  tis- 
sue, the  stomach  contains  ( Fig. 
52)   masses  of  softened  meat, 
smeared  over  with  gastric  juice, 
and   also  a  moderate  quantity 
of  a  grayish  gnimous  fluid  with 
an   aci<l    reactitui.      Tliis   fluid 
, contains   muscular   fibres,   iso- 
ited  ft-om  each  other  and  more 
"or   less    reduced    to    imperfect 
fragments.     Tbe  fat  vesicles  of 
the  solid  adipose  tissue  of  beef  \  h  — j 

are  but  little  altered,  and  there 
are  only  a  few  free  oil  globules 
to  be  seen  floating  in  the  mixed 
fliuida  in  the  cavity  of  the 
stomach.  In  the  duodenum 
[the  muscular  fibres  are  further 
lisintegrated  (Fig.  53).     They 

ecoine  much  broken  up,  pnle,  and  transparent,  but  can  still  be  r 

iize<l,  un<ler  the  microscope,  by  tbeir  characteristic  granular  markings 

ind  striations.     The  fat  vesicles  also  begin  to  become  altered  in  the 

duodenum.     The  solid  granular  fat  of  Ix-ef  and  similar  kinds  of  meat 

^becomes  iiquetie<l  ami  emulsioned  ;  and  appears  under  the  form  of  free 

il  drops  and  fatty  molecules ;  while  the  fat  vesicle  itself  is  pailially 

'emptied,  and  becomes  more  or  less  collapsed  and  shrivelled.     In  the 

middle  ami  lower  parts  of  the  intestine  (Figs.  54  and  55)  these  cliaugos 

)ntinue.     The  mui^cular  fibres  become  constantly  more  and  more  <li8- 

itegratccl,  and  a  large  quantity  of  granular  debris  is  produced,  which 

at  last  also  dissolved.     The  fat  also  progressively  disappears,  and  the 

vesicles  may  be  seen  in  the  lower  part  of  the  intestine,  collapsed  and 

empty- 

lu  this  way  the  digestion  of  the  different  ingredients  of  the  footl  goes 
jn  in  a  continuous  manner,  from  the  stomach  throughout  the  entire 
fngth  of  the  small  intestine.     At  the  same  time,  it  resulth  in  the  pro- 
duction of  three  diU'erent  substances,  namely:  1st.  Albuminose,  produced 
13 


OoRTicRTS  or  Stomach  dfriko  Diokb* 
Tiojc  or  Meat,  from  the  Dog. — a.  Kat  Vc»lclc, 
tiUr-a  with  opnqu^,  aoUd,  grnDulnr  fnt.  6,  b.  Bits 
of  pnrtlaHy  dlHintegrated  muMulBr  fibre,  c.  Uil 
globulet. 


Thom   DponENnn  or   Doe,   ddbitto  From  MirriLE  of  Small  Ijjtr8th»k. 

DiaisBTiON    UP    Mkat.— a.  Fnt    vpalcle,  — a,  a.  Fat  reaiolei,  nearly  emptletl  of  their 

with  its  contpnfi  dlmlnlshlDR.    The  vealole  ooateati, 
la  beginning  to  ghrlvoi  and  the  f>it  hreakln; 
up.    6,  b.  Disiategrated  muBOUluT  fibre,    c,  e. 
Oil  g'lobulea. 

of  starch.    These  sabatnnccs  arc  then  ccady  to  be  taken  np  into  the  cir- 
culatiou:  and  as  the  miugled  iugrtidienU  of  the  itite^tiiiii)  eoiilfiits  pnss 

siicceasively  (lowuward  through 
Fig.  55.  the  intestine,  the  products  of  di- 

gpRtion,  togetlier  witli  the  diges- 
tive Bfcretioiis  thomsclves,  are 
grudnall}'  absorbed  by  the  vessels 
of  the  miicoiw  membrane,  and 
carried  avvsiy  by  the  curreutof  the 
circulation. 

The  Large  Intestine  and  its 
Contents. 

The  miicons  raernbrane  of  the 
largo  intestiMe  is  nbundnnfl y  pro- 
vided   with     tubular    glandides 
whifh  are  not  essentially  differ- 
ent, in   their  auatomieal  charac- 
ters, from  tlif  follidfs  t*f  Liebor- 
kiihn.     Their  secretion,  however, 
appears     to     be    comparatively 
scanty,  at  least  in  the  wateiy  and  albuminous  injiredients  which  are 
present  in  the  other  intestinal  jnim-s.     Aecordintr  to  Ilaiike,  fistulous 
openings  in  the  largo  intestine  do  not  yield  any  notable  quantity  of 


Frox  last  qitartss  or  Suall  Ik- 
TBSTIHS. — ii, «.  Fat  veaiolea,  ijuUo  empty  nod 
ahrirelled. 
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fluid  ;  anil  if  a  looi*  of  the  gut  itself  be  isolatwl  by  ligatures,  an  accumu- 
latiou  uf  mucus-like  matter  is  the  only  result.  In  the  rabbit,  however, 
nfler  ligature  of  the  vermiform  appendix,  Fuuke  obtaiiieil,  at  the  end  of 
from  two  to  four  hours,  a  tiuautity  of  a  turbitl  alkuliiu;  Hicretion^  with 
which  the  appendix  hati  become  UHed.  Tiiis  fluiil  was  wiiliout  sietioJi 
Ujion  eoagulatetl  albumen;  but  it  titiiis formed  starch  into  sugar,  ami 
also  deeompoaed  the  sugar,  with  production  of  lactic  and  butyiie  aeiils. 
The  same  change  was  |i.rodueed  ui)«u  starch  introduced  into  the  o:u  ity 
of  the  appendix.'  This  accounts  foi-  the  acid  reaclioji  sometimes  fomid 
in  the  caecum  of  herbivorous  aniuials,  from  the  decomposition  of  undi- 
j^Bted  starch,  although  the  mucous  surface  of  the  hirge  intestine  is 
constantly  alkaline. 

As  the  remnants  of  the  alimentary  mass  pass  the  situation  of  the 
ileo-eaical  valve  and  enter  the  large  intestine,  they  Itegiii  to  acquire  a 
more  pasty  consistency  and  a  peculiar  repulsive  od<ir.  Both  these 
changes  become  more  marked  in  the  middle  and  lower  part  of  tlie  gut, 
until  all  the  superfluous  fluids  hitve  disappeared,  and  tiie  consistency 
and  o<lor  of  the  feces  are  fully  developed.  This  odor  is  not  a  putrefac- 
tive one,  but  is  characteristic  of  the  contents  of  the  large  intestine.  Its 
source  may  be  cither  a  peculiar  transforumtion  of  some  of  the  ingre- 
dieuts  of  the  food,  or  an  oxcietory  action  of  Ihe  mucous  membrane  of 
the  intestine.  It  is  probably  in  great  part  the  result  of  an  excretion, 
since  in  ditterent  kinds  of  animals,  wimlever  be  the  nature  of  their  food, 
the  feces  have  usually  a  distinct  odor  characteristic  of  the  sfiecies. 

The  average  daily  quantity  of  thf  feces  in  the  human  subject  is  1511^ 
grammes,  of  which  about  75  jier  cent,  is  water,  and  26  per  cent,  solid 
residue.  They  consist,  first,  of  the  undigested  remnants  of  the  food  ; 
and,  secondly,  of  the  excrete<l  materials  from  the  alimentary  canal. 
The  umligcsleil  substances  derived  from  the  food  arc  mainly  animal  or 
vegetable  tissues,  which,  from  llioir  constitution,  are  incapable  ofdiges* 
tioD.  These  are  elastic  fibres,  or  bits  of  elastic  tissue,  which  nearly 
always  pass  the  intestine  unchanged  ;  shreds  of  tendon  or  fascia,  not 
surticientl}'  softened  by  cooking;  horny  epidermic  tissues,  both  animul 
nnd  vegetilble;  and  the  spiral  tubes  and  duets  of  vegetable  substances. 
The  excreted  materials  of  internal  origin  arc  the  mucus  of  the  large 
intestine,  and  probably  also  the  volatile  substances  which  produce  the 
fecal  odor.  The  coloring  matters  of  the  bile  arc  present  in  a  moie  or 
leas  altcrc<l  form. 

•  The  mineral  salts  contained  in  the  feces  amount  to  a  little  over  one-j 
Rtei^th  of  the  solid  in;^redients.  Thoy  are,  for  the  moat  part,  the  same 
with  those  common  to  tlie  animal  fluids  in  general,  tmt  are  mingled  in 
different  proportions;  only  about  4  per  cent,  consisting  of  the  soluble 
chlorides  and  suljihates,  while  fully  80  jwr  cent,  are  composed  of  lijne 
and  magnesium  phosphates.     They  are  regarded  as  mainly  derivetl  from 
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tbc  unabsorlied  mineral  ingredients  of  the  food,  and  partly  frotn  the 
Balkic  mutters  of  the  iutestlDol  sectelious. 

Heaide  the  aWovo,  the  feces  contain  two  cr^'stalliz^blc  matters  of 
organic  origin,  whiclj,  Uiotigb  not  })re8ient  in  largi'  quantity,  are  of 
iniiiortani-c  from  their  chemical  characters  and  ibe  mode  of  their  pro« 
duction  ;  namely,  exeretine  and  stercorine. 

Esvretine. — This  was  ilist'oveieil  and  describetl  by  Dr.  W.  Marcet,' 
as  an  ingredient  of  bonian  feces,  though  it  docB  not  occur  in  those  of 
the  lower  animals, either  eaniivorous or  Iierbivoioug.  It  is  a  neutral  or 
faintly  alkaiime  cryatallizahle  stihatancc,  insoluble  in  water,  but  Holuble 
in  ether  and  hot  alcohol.  It  crystallizes  in  radiateil  groups  of  four- 
Bideil  prismatic  needles.  It  fiiHcs  at  96°  (204'  F.),  and  burns  at  a  higher 
tenij^eraturo.  It  is  non-nitrogenous,  and  consists  of  carbon,  hydrogen, 
oxygen,  and  sulphur,  in  the  following  proportions: — 

It  is  thought  to  be  present  mostly  in  a  free  state,  bnt  partly  iu  union 
with  certain  organic  acids,  as  a  saline  compoimd. 

tifercorine. — This  substance  was  discovereti  by  Prof.  A.  Flint,  Jr., 
both  in  human  feces  and  in  those  of  the  dog,  and  was  obtaine<i  by  him 
in  proportions  varjing  from  0.07  to  0.3  per  cent,  of  the  entire  fecal 
mass.  It  is  most  abundant  in  the  feces  of  the  human  subject,  where  its 
average  quantity  is  estimated  by  its  discoverer  as  aliout  O.fiS  grainuie 
per  da}^.  It  is  insoluble  in  water,  sohilile  in  t-ther  and  iu  boiling  alco- 
hol, neutral  in  reacLtou,  and,  like  exeretine,  crystallizes  in  the  form  of 
radiating  ncwlles.  It  differs  from  exeretine,  howt^ver,  in  having  a  much 
lower  fusion  point,  becoming  liquefied  at  3C>'^  ('JG'.Q  F. ).  It  is  regarded 
as  produced  by  trauslbrmtitioii  iu  the  Lutestino  from  the  cholesterino  of 
the  bileu' 


'  Phtlosophica]  TranBactiona.     London.  1857,  p.  4lf>. 
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Fig.  66. 


Tnx  mucons  membrane  of  the  small  intestine,  beside  contiuning  the 

glandular  Ibllick-s  alrt-mly  tle.scrilK-d,  is  proviiltMl  with  a  s{>ecial  ft|>j>a- 
ratus  for  the  proccsa  of  absorptiou.  This  apparalHs  consists  of  iiuiu- 
merable  minute  eminences  or  prolongations  of  its  substance,  bo  closely 
8€t  over  its  free  surface  that  they  give  to  it  a  charactetistic  velvety  apjwar- 
ance.  Tliese  are  the  so-called  villosities  or  villi  of  the  small  intestine. 
Tljoy  are  found  llirougliotit  this  part  of  the  alimentary  canal,  from  the 
pylorus  to  the  free  border  of  the  ileo-taH;jil  valve,  most  abundant  in  the 
duodenum  and  jujuiunu,  rather  less  so  in  the  ileum,  but  in  general  in  the 
pro|H*rtiou  of  from  20  to  40  to  the  square  milliuietre.  In  the  U|>pi-r 
part  of  the  intestine  they  are  flattenecl,  buuinated,  or  leaf-like  iu  form, 
becoming  cylindrical  and  filamentous  in  the  middle  and  lower  portions. 
Iu  the  human  subject  ihey  are  about  one-half  a  niillinielre  in  length. 

Each  villus  consists  of  a  mass  of  tissue  continuous  with  that  of  the 
mucous  membrane  beneath.  It  is  covered 
with  a  uniform  layer  of  nucleated,  finely 
'granular  cylindrical  epithelium  cells,  closely 
united  with  each  other  by  tlieir  lateral  sur- 
faces, and  presenting  at  their  outermost  por- 
tion a  thin  layer  which  is  more  transparent 
than  the  rest  of  their  substance,  and  is 
marked,  according  to  KoUiker,  Frey,  and 
other  observers,  by  fine  vertic:il  striations. 
The  \illus  is  penetrated  from  below  by  blood- 
essels  supplied  from  a  terminal  twig  of  the 
esenteric  artery,  which  form  by  their  fre- 
quent division  and  inosculation  an  exceed- 
ingly abundant  capillary  network,  almost 
immediately  beneath  the  epithelial  layer. 
At  its  base  they  reunite  to  form  a  venous 
branch,  which  is  one  of  tlic  commencing 
rootlets  of  the  mesenteric  vein. 

In  the  deeper  part  of  the  villus,  and  lying 
tearly  in  its  lorvgitudinal  axis,  there  is  also 
the  commenci-meut  of  a  lymphatic  vessel, 
which,  after  its  emergence  from  the  base  of 
the  organ,  joins  the  general  83'8t€m  of  the 
sbdominal  l^'mphatic  or  lacteal  vessels.  The 
l^^lf  mphatic  vessel  is  usually  single  in  the  fili- 
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form  or  cy lindrifiil  villi,  sometimes  flouble  or  even  triple  in  those  of  a 
more  flattened  I'oriu,  It  has  excectlitigly  thin  walls,  consistiug  only  of 
a  single  luyer  of  QattentMl  epithelium  cells. 

Cloned  Foliicies  of  the  Sinait  Intf»ftne. — In  adflition  to  the  seereting 
glandules  and  villi,  the  iiiteatiue  preheats,  throiigliout  its  extent,  two 

Bets  of  ghiudulur  looking  orguns,  known 
as  the  ytanditlae  soiHarite  and  the 
glnnduiae  a(fminatse.  The  first  of  these, 
or  the  solitary  plandides,  are  found  in 
the  upper  part  of  the  intestine,  scnltered 
at  intervals  over  its  surface,  as  minute 
whitish  points.  Farther  down  they 
begin  to  occur  in  clusters  of  several  to- 
gether, and  in  the  lower  part  of  the 
jejuimm  and  in  the  ileum  they  consti- 
tute rounded  or  elongated  oval  patches, 
from  1§  to  6  centimetres  in  length, 
known  by  the  name  of'l'eyer's  patches." 
These  patches  are  always  situated  op- 
posite the  attachment  of  the  mcseijlfry, 
and  with  tlieir  lon^  dinraeter  parallel  to 
the  axis  of  the  intestine. 

The  structure  of  the  solitary  gland- 
ules  and    of    those    fonning    Fever's 
patches  is   the  stune.     The  only  differ- 
ference  between  them  is  that  in  one  case 
the  follicles  nre  distributed  scpnrately  over  the  surface  of  the  intestine, 
while  in  the  other  they  are  collected  into  distinct  groups. 

Each  folliele  is  a  rounded  or 
''?•  ^^-  ovoid  Iwdy,  from  onf-h.ilf  to  two 

millimetres  in  diameter,  situated 
partly  in  the  thickness  of  the 
mncoiis  membrane,  and  partly 
below.  It  eouMists  of  an  ox- 
ternnl  investing  capsule,  closed 
on  all  sides,  from  the  inner  sur- 
face of  which  slender  anastomos- 
ing filaments  pass  through  the 
substnnee  of  the  organ,  forming 
a  delicate  scaffolding  or  frame- 
work of  muiute  fibres.  In  the 
interstices  between  these  fibres 
there  is  a  small  quantity  of  fluid, 
together  with  an  abundance  of 
lymph  corpuscles^  or  faintly 
granular  cells  about  13  mmm. 
m  diameter.    The  follicle  is  also 
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netrateil  by  capillary  bloodvessels,  which  pass  through  its  investing 
apsule  from  Miihuut,  iiiusculaU;  freely  with  each  otlier  in  its  Laterior, 
nl  return  ujk)u  thcMUsdves  in  ioups  near  its  t-e'Utre. 
Thf  follicles  have  a  close  relatiuii  with  the  lymphatics  of  the  intestine. 
The  lyinj>h!ittc  vessels  coining  fnjiu  Uie  villosities  form  a  plexus  in  the 
ubsttiiice  of  the  nuicoui*  lueuibraue  from  which  branches   pass  to  the 
Hides  ami  ramify  upon  their  surface,  foriuiiig  another  close  plexus  ujkxi 
eir  investing  capsule.     The  lymphatic  vessels,  however,  do  uot  i)eue- 
ate  into   the  interior  of  tlie    fuUiclcs,  which  arc  occupied  by  blood- 
ssels   alone       Owing   to   the    analogy   in   structure    between   these 
lies  a»cl  portions  oj  tlie  lyuii>hatic  glands,  as  well  as  to  the  fact  that 
le   lacteals  coming  from    the  neighborhood    of   I'eycr's   patches  are 
ore  numerous  Ihan  from  other  points  of  the  intestLne,  the  closed  folli- 
les  are  generally  regarded  us   bi.ionging  to   the    system  of  the  lym- 
phatic glands.      They  constitute  the   simplest  form  of  these  glands, 
ituated  in  or  immediately  beneath  the  intestinal  mucous  membrane, 
hey  furnish  no,Hu"id  secj-ction  to  the  iuteatiiial   cnvily,  hut  arc  con- 
ted  in  some  way  with  the  prepariitiou  or  elaboration  of  the  absorbed 
ate  rials. 

3lcchaniam  of  AbaorpHon  by  the  Villi. — The  villi  are  the  active 
nts  in  the  j)rocess  of  absorption.  The  entire  extent  of  the  mucous 
embraue  of  the  small  intestine,  including  the  valvulse  connivcntes,  is 
timate<l  at  about  GOOO  square  centimetres  of  surface;  and  as  the 
numlKT  of  the  villi  is,  on  the  average,  not  less  than  30  to  the  square 
aiillimetre,  there  must  Ik)  at  least  from  fdteen  to  twent}' millions  of  them 
in  the  whole  length  of  the  small  intestine.  By  their  great  nbiindance, 
ordingly,  as  well  ns  by  their  projecting  form,  they  multiply  the  ex- 
tent of  surface  over  which  the  digested  fluids  come  in  contact  with  the 
inteslinal  mucous  membnine,  and  increase,  to  a  corresponding  degree, 
the  energy  with  which  absorption  takes  place.  They  hang  out  uito  the 
nutritious,  semi-fluid  mass  containe<l  in  the  inteslinal  cavity,  as  the 
roots  of  a  tree  penetrate  the  soil ;  and  they  imbibe  the  liquefied  portions 
of  the  food  with  a  rapidity  which  in  in  direct  proportion  to  their  extent 
of  surface  and  the  activity  of  the  circulntion. 

The  process  of  absorptiun  is  also  hastened  by  the  i>eri8taltic  move- 
ments of  the  intestine.  The  muscular  layer  here,  as  in  other  parts  of 
the  alimentary  canal,  is  double,  consisting  of  lb*oth  circular  and  longitu- 
•linal  flbres.  The  action  of  these  fibres  maybe  readily  seen  by  pinching 
the  exposed  intestine  with  the  blades  of  a  forceps.  A  contraction  takes 
place  at  the  spot  irritate*!,  hy  which  the  intestine  is  re<iuced  in  diame- 
ter, its  cavity  partially  nbliterated,  and  its  contents  foree<l  onward  into 
the  succeeding  portion  of  the  idimentnry  ciuud.  The  local  contraction 
then  propagates  itself  to  the  neighboring  parts,  while  the  portion 
originally  contracted  becomes  relaxed;  so  that  a  slow,  continuous, 
creeping  motion  of  the  mtestiue  is  produced,  by  successive  waves  of 
contraction  and  relaxation,  wliich  follow  each  other  from  alx»ve  down- 
ward.    At  the  same  time,  the  longitudinal  fibres  have  a  similar  alte*- 
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nating  action,  drawing  the  narrowed  ])ortioii8  of  intestine  up  and  down, 
as  they  sutoessiveiy  enter  into  contraction  or  become  relivxed  in  the 
intervals.  'I'be  ertVct  of  the  whole  is  to  prwluce  a  peculiar,  wiithing, 
worm-like,  or  '*  vermicular"  mcition,  utuotig  the  didereut  coils  of  intes- 
tine. l)uring  life,  the  vermieuiar  or  i>eristaltic  motion  of  the  intestine 
is  excited  by  the  presence  of  food  undergoing  digestion.  By  its  action, 
the  substances  whirh  {kiks  from  the  Hlomaeh  into  the  duodenum  are 
Btea«lily  carried  frmu  above  downward,  so  as  to  traverse  the  entire 
length  of  the  small  inlestine,  and  to  come  in  contact  successively  wiih 
the  whole  extent  of  its  mucous  membrane.  During  this  passage  the 
absorption  of  the  digested  food  is  constantly  going  on,  Its  liqtiefle<l 
portions  lire  taken  up  Ity  tbe  villi  of  tlie  raucous  membrane,  and  bucces- 
sivcly  disappear;  so  that,  at  t!ie  termination  of  the  smtdl  intestine, 
there  remains  only  tlio  undigested  portion  of  the  food,  together  with 
the  refuse  of  the  intestinal  secretions.  These  pass  tbrougli  the  ilco- 
Cffical  orifice  into  tUe  large  intestine,  and  there  becumo  rediieetl  to  the 
condition  of  feces. 

The  digested  fluids  taken  up  from  the  intestine  aie  first  absorlx'd  by 
the  epithelial  cells  covering  the  suriuce  of  the  villi,  and    are  thence 

transmitted  to  the  deejK-r  por- 
Fig.  59.  tions  of  tlieir  tissue.    This  pas- 

B.ige  of  the  products  of  diges- 
tion through  the  substance  of 
the  epithelial  cells  is  difficult 
of  demonstration  for  perfectly 
homogeneous  liquids,  but  it 
may  be  distinctly  seen  in  the 
case  of  the  fatly  matters  of  the 
chyle.  As  already  describeil, 
tiio  olengtnous  matters  of  the 
food  arc  emulsified  by  diges- 
tion, forming  in  the  intestine  a 
wliite  milky  fluid,  termed  the 
"cliyle,"  which  is  entangled  in 
the  folds  of  the  mucous  mem- 
brane, and  atllu'TOS  to  the  sur- 
face of  the  villi,  In  chyle 
which  is  drawn  either  from  the 
lacteal  vessels  or  the  thoracic  duct,  the  fatty  matter  Htill  presents  itself 
in  the  same  condition,  and  retains  nil  the  chemical  properties  of  oil. 
Examines!  by  the  microscope,  it  is  seen  to  exist  under  the  form  of  fine 
granules  and  molecules,  varying  in  size  from  2.5  mmm.  downward, 
which  present  the  ordinary  ai>pcarances  of  oil  in  a  Btate  of  minute  sub- 
division. ,  The  chyle,  therefore,  does  not  represent  the  entire  product  of 
the  digestive  process,  but  consists  of  the  fa_tty  substances,  suspended  by 
emulsion  in  a  sej-qna  fluid. 

The  emulsioned  oil  has  accordingly  passed  from  the  cavity  of  the 
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itestine  into  that  of  the  lacteal  vesseU.  Its  trannniisRion  is  facilitated 
by  the  alkaline  cou4itioa  of  the  blood  and  of  the  iutestiual  juices.  Oil 
by  itself  ig  a  non-<liffusible  BUbsitauee;  that  is,  it  is  incapable  of 
passing  through  an  auiiuiil  membrane  by  endosmosis.  If  a  fluid  con- 
taining oil  l>e  placed  on  one  aide  of  an  animal  membrane,  and  pure 
water  on  the  other,  the  water  will  reailily  penetrate  the  substance  of 
the  membrane,  while  the  oily  particles  cannot  be  made  to  pass  under 
any  onlinary  pressure.  Though  this  be  true,  however,  for  pure  water, 
^it  is  not  true  for  slightly  alkaline  fluids  like  the  serum  of  blood  or  the 
tph.  This  has  been  demonstrateil  by  the  experiments  of  Matteucci, 
which  he  made  an  emulsion  with  an  alkaline  fluid  containing  4.3 
parts  jk-r  tliousand  of  potassium  hydrate.  Such  a  solution  has  no  jter- 
ce|»lible  alkaline  taste,  and  its  action  on  reddened  litmus  paper  is  about 
i^qual  to  that  of  the  lymph  and  chyle.     If  this  emulsion  were  placed  in 

endosmometer,  together  with  a  watery  alkaline  solution  of  similaFi 
"strength,  it  was  found  tliat   the  oily  pnrticlcs  t)enetrated   the   animal 
membrane  without  much  difficulty,  and  mingled  with  the  fluid  on  the 
jposite  side.     Endosmosis  will  thus  take  place  with  a  fatty  emulsion, 
)rovide<l  the  fluids  used  in  tlie  experiment  be  slightly  alkaline  in  re- 
action. 

The  fatty  molecules  of  the  chyle,  oeconlJngly,  are  taken  up  by  the 
layer  of  epithelium  cells  covering  the  surface  of  the  villi,  and  their 
paseage  into  and  through  the  epithelial  layer  pro<lucu9  a  markud  attera- 
^on  in  the  physical  appearance  of  the  cells  composing  it.  In  the  inter- 
nals of  digestion  these  cells  are  nearly  transparent  and  homogeneous- 
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looking,  presenting  under  the  mi(?ro»ooi>e  only  the  appearance  of  a  very 
fine  and  delicate  granulation.  (Fig.  60.)  But  if  examined  during  the 
digestion  and  absorption  of  fatty  matters,  their  substance  is  seen  to  be 


194 


ABSORPTION. 


crowded  with  oily  particles,  t;ikeu  up  by  absorption  from  the  iotestinal 
cavit^'.  (I'ig.  <51.)  The  uily  matter  then  (msses  ouward,  peuetrating 
deeper  into  the  substance  of  the  villus,  uiitil  it  is  at  last  received  by  the 
capillary  vessels  in  its  intfrior. 

Absorption  by  the  Jitoodvegsels. — The  final  absorption  of  the  digested 
fluids  is  accomplished  mainly  by  the  bloodvessels  of  the  intestinal  villi. 
Thfir  situation,  their  iiumUei-s,  luul  the  rapid  movement  of  the  blood 
thiiHigli  theoe  ehiiiiuels,  are  all  eirciimstauet's  especially  favorable  for 
the  perlbrinatice  of  this  function.  The  capillary  plexus  of  each  villus 
Ls  situated  in  the  most  snporficial  part  of  its  substance,  almost  immedi- 
ately benenth  the  epithelium  cells  which  cover  its  surface,  so  that  the 
absorbed  fluids,  after  passing  through  the  epithelial  layer,  come  at  once 
in  contact  with  tlic  cnpillaries  of  tlie  vascular  network.  The  exten- 
sion of  absorbing  surface,  from  the  repeated  division  and  inosculation 
of  these  vessels,  and  the  constant  renovation  of  the  fluids  which  tliey 
contain,  by  the  movement  of  the  circulation,  provide  for  their  eonstiml 
activity,  and  drain  away  the  absorbed  fluids  from  the  substance  of  the 
villus  as  fast  as  they  are  taken  up  by  its  exposed  eui'face. 

Fig.  62.. 
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The  Mofivify  of  fhe  bloodvessels  in  the  process  of  absorption  is  also 
a  matter  of  ilirect  observation.  Abundant  experiments  have  demon* 
strated,  not  only  that  soluble  substances  introdnced  into  tlie  intestine 
may  be  soon  afterwanl  detected  in  the  blood  of  the  portal  vein,  but 
that  absorjjtion  tnkea  place  more  rapidly  ond  abundantly  by  the  blood- 
vessels than  by  tlie  lacteals.  This  was  first  shown  by  Mngendie.'  who 
found  that  the  absorption  of  poisonous  substances  would  take  place,  in 
the  living  animal ,  both  from  the  cavity  of  the  tntestine  and  from  the 
tissues  of  the  lower  extremity,  notwithstanding  that  all  communication 
through  the  lacteals  nnd  lymphatics  was  cut  off.  and  the  passage  by  the 
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bloodvessels  nlonc  remainefl.     These  resuUs  were  afterward  corroborated' 
by  Panizza,  who  succeeded  in  detecting  the  siibstaiice  which  had  been 
absorbed  in  the  venous  blood  roturtiing  from  thu  part.     This  observer 
ojwned  tJie  abdomen  of  a  horse,  and  dn'W  out  a  Told  of  the  sra.nll  intes- 
tine, about  20  centimetres  iu  length  (I''ig-  (>ii,  a,  a),  wliich  he  iueluilod 

Fig  63. 
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lXISIA'i  Expkrimrmt  —aa.  Intestine.  A.  Pitlot  of  llf^Miire  of  mciontprie  vein. 
t  Opening  la  Intestine  for  iatroduetlon  of  poison,  d.  Opening  ia  meaenterlo  vein  behind  the 
il(>ture. 

between  two  ligatures.  A  ligature  was  then  placed  (nt  h)  upon  the 
mesenteric  vein  receiving  the  Lilood  from  this  portion  of  intestine;  and, 
in  onler  that  the  circulation  might  not  be  interrupted,  an  opening  was 
made  (at  d)  in  the  vein  behind  the  ligi^ture,  so  that  the  blood  brought 
by  the  mesenteric  artery,  after  circulating  in  the  intestinnl  cupillarit'S, 
pas8e<l  out  at  the  opening,  and  was  collected  in  a  vessel  for  examination. 
Hydrocyanic  acid  was  thon  introduced  into  the  intestine  by  an  opening 
at  c,  and  almost  immediately  afterwsinl  its  presence  was  detected  iu  the 
venous  blood  flowing  from  the  orifice  at  d.  The  animnl,  however,  was 
not  poisoned,  since  the  acid  was  [irevented  from  gaining  an  entrance 
into  tlie  general  circulation  by  the  ligature  at  6. 

Panizzii  afterward  varied  this  experiment  in  the  following  manner: 
Instead  of  tying  the  mesenteric  vein,  he  simply  tt impressed  it.  Then, 
h.vdrocyanic  acid  being  introduced  into  the  intestine,  as  above,  no  effect 
w.ns  produced  on  the  animal,  so  long  as  compressioti  was  maintained 
upon  the  vein.  But  as  soon  as  the  blood  was  again  allowed  to  pass 
througli  the  vessels,  symptoms  of  genernl  poisoning  became  manifest. 
Lastly,  in  a  third  experiment,  the  same  observer  removed  all  the  nerves 
and  lacteal  vessels  supplying  the  intestinal  fold,  leaving  the  blood- 
vessels alone  untouched.  Hydrocyanic  acid,  now  being  introduced  into 
the  intestine,  found  an  entrance  at  once  into  the  general  circulation,  and 
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the  animal  was  immediately  poisoned.  The  bloodvessels,  therefore,  are 
not  only  capable  of  ubsurbing  fluids  from  tbu  iutestine,  but  taku  tbeiu 
up  even  more  rapidly  tliaji  the  Uiuteals. 

The  entrance  of  digested  matcriiils  into  the  bloodvessels  of  the  intes- 
tine is  readily  demoustraleil  iiu  a  similar  way.  After  the  digestion  of 
food  containing  a.  mixture  of  albutninoui^  and  starchy  ingredientsj,  both 
sugar  ami  idbuminose  are  to  lie  met  witl)  in  the  blood  of  the  mesenteric 
and  portal  veins.  Digested  and  emtilsiioned  fatty  matters  may  also  \t6 
distinctly  followed,  in  their  passage  through  the  same  channels,  by  the 
turbid  and  chylous  aspect  which  tliej'  commmiicate  to  the  portal  blood. 
It  is  easy  to  see  that  the  blood  of  the  portal  system,  in  the  carnivorous 
animals  during  digestion,  contains  tatty  matter  in  a  state  of  minute 
sulMlivision,  similar  in  appearance  to  that  found  in  the  chyle  and  iu  the 
Bubstance  of  the  villi,  often  so  abundant  as  to  communicate  a  turbid 
aijpearanee  to  the  serum  after  coagulation;  and  various  obsen^ers 
(Lt'hmann,  Schultz,  Simon),  in  examining  the  blood  from  different  parts 
of  the  boily,  have  also  found  the  blood  of  the  portal  system  consider- 
ably richer  in  fat  than  that  of  the  arteries  or  of  other  veins,  particularly 
while  iutcstlual  digestion  i.s  going  on  with  activity. 

AbaarjilioH  btj  thr,  LnctealH. — Tlie  absorption  of  digesttnl  materiala, 
but  more  particularly  of  the  tatty  matters,  la  also  accoinijlishcd  by  the 
1}  mphaties  or  lacteala  of  the  small  intestine.  These,  however,  do  not 
form  a  distinct  class  of  vessels  by  themselves,  but  are  simply  a  part  of 
the  great  system  of  lymphatic  or  absorbent  vessels,  which  are  to  be 
found  everywhere  in  the  integuments  of  the  head,  the  parietes  of  the 
trunk,  the  upper  and  lower  extremities,  and  in  the  glandular  and  mus- 
cular organs  and  mucous  membranes  throughout  the  body.  Originat- 
ing in  the  tissues  of  the  above  mentioned  parts,  they  pass  from  the 
periphery  toward  the  centre,  thtir  branches  converging  and  uniting  with 
each  other  like  those  of  the  veins,  and  passing,  at  various  points  in 
their  course,  through  certain  glandular-looking  bo«lies,  known  as  the 
lymphatic  glands. 

The  fluid  generally  oontained  in  these  vessels  is  colled  the  "lymph." 
It  is  a  colorless  or  slightly  yellowish  transparent  Ii(iuid,  which  is  ab- 
sorbed by  the  lymphatic  vessels  from  the  tissues  in  which  they  originate. 
So  far  as  regards  its  eompositifm,  it  is  known  to  contain,  beside  water 
and  saline  matters,  a  small  quantity  of  tibrine  and  albumen.  Its  ingre- 
dients are  evidently  derived  from  the  metamorphosis  of  the  tissues,  an<l 
are  returned  to  the  centre  of  the  circulation  to  be  eliminated  by  excretion, 
or  to  undergo  some  new  transforming  process,  the  details  of  which  are 
not  as  yet  fully  understood. 

The  lymphatic  vessels  of  the  intestine  originate,  as  we  have  seen,  in 
tlie  substance  of  the  villi,  where  they  commence  by  longitudinal  spaces 
lined  with  flattened  epithelium  cells,  becoming  provided,  at  a  short  dis- 
tance from  their  origin,  with  thin,  transparent,  elastic  coats,  like  those 
of  the  capillary  bloodvessels.  After  leaving  the  base  of  tiie  villi  they 
become  part  of  the  lymphatic  plexus,  from  which  the  main  branches  pass 


inward,  between  the  layers  of  the  mesentery,  frora  the  intestine  toward 

the  posterior  part  of  the  abdomen.     During  thi-ir  course  through  the 

mejseutery,  they  inosculate  with  each  other  by  transverse  branehes,  and 

pass  in  succession  through  several  ranges  of  mesenteric  glands,  which 

j      have  the  same  structure  with  those  alreatJy  mentioned,  and  which  are 

aoeonlingly  the  lymphatic  glands  of  the  aUlomiual  C4ivity.     On  arriving 

'     near  the  attachtvl  portion  of  the  musentery,  on  the  right  side  of  the 

!      abilonien,  at  about  the  level  of  the  second  lumbar  vertebra,  they  terminate 

in   a  saccular  dilatation,  known  as  the  *' receptaculum  chyii."     From 

this  point  the  thoracic  duct  passes  upward  tti  rough  the  cavily  of  the 

^^est,  crossing  obliquely  from  the  right  to  the  lell  of  the  n)ediau  line, 

^■tld  finjdly  tlischarges  its  contents  into  the  left  subclavian  vein,  at  ita 

^Htinction  with  the  jugular  of  the  same  side. 

^V  In  the  intervals  of  digestion  the  fluid  contained  in  the  lymphatic 
I  vessels  is  the  same  in  appearance  througltout  the  body.  Its  colorless 
and  transparent  character,  together  with  the  small  size  of  the  Ij'inpliatica 
themselves,  and  the  thinness  and  delicac}'  of  their  coats,  make  these 
vessels  nearly  or  quite  invisible  to  the  unaided  eye.  But  during  the 
digestion  and  absorjition  of  food  the  elements  of  the  chyle  are  taken  up 
by  the  lymphatics  of  the  small  intestine,  which  are  distended  with  a 
milky  fluid,  and  thus  become  visible  as  an  al)undant  network  of  opa((ue 
white  filaments,  ramifying  in  the  intestinal  walls,  converging  from  the 
intestine  to  the  recei)taculum  chyli,  and  contrasting  strongly  with  the 
ruddy  and  semi-transparent  colur  of  the  neighboring  tissues.  If,  when 
in  this  condition,  one  of  them  I)e  opened  with  the  point  of  a  scalpel,  it 
discharges  a  chylous  liquid,  which  is  easily  seen  to  be  the  same  in 
character  with  that  contained  in  the  cavity  of  the  intestine  itself,  namely, 
an  emulsion  of  fatty  molecules  and  granidations.  Owing  to  the  appear- 
ance thus  given  to  the  vessels  themselves,  and  to  the  milky  fluid  which 
tbey  contain,  they  have  received  the  name  of  the  laciealx^  or  lactiferous 
vessels  of  the  abdomen. 

The  presence  of  chyle  in  the  lacteals  is,  therefore,  not  a  constant,  but 
only  a  periodical  phenomenon.  The  fatty  substances  constituting  the 
chyle  l>egin  to  be  absorlicd  during  the  process  of  digestion,  as  soon  as 
they  have  been  disintegrated  and  emidsioned  by  the  action  of  the  intes- 
tinal fluids.  As  digestion  proceeds,  they  accumulate  in  larger  quantity, 
»nd  gradually  fill  the  whole  lacteal  system,  giving  to  its  vessels  the 
characteristic  aspect  above  doscribe<l.  But  as  digestion  and  absorption 
from  the  intestinal  cavity  come  to  an  end,  the  milky  fluid  disappears 
from  the  lymphatics,  and  they  resume  their  former  transparent  and 
colorless  appearance. 

The  lacteals  accordingly  arc  nothing  more  than  the  lympliatios  of  the 
small  intestine,  which,  in  addition  to  the  transjjarent  nud  colorless 
lymph  which  they  usually  contain,  have  absorbed  a  fluid  rich  in  fat 
derivcnl  from  the  process  of  digestion.  While  this  process  is  going  on, 
they  are  distinguished  from  the  lymphatics  elsewhere  by  the  milky 
<diaraoter  of  their  contents,  which  accumulate  in  the  receptaculum  chyli, 
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a.n(l  m.ij-  be  followed  thence  through  the  thoracic  dnct,  to  the  p 
where  it  teriuiuati-9  iu  the  left  eubclavinn  vein. 

It  was  owing  to  the  opacity  ami  visibility  of  the  lacteala  during  dige»- 
tion  that  these  vessels  were  discovered  iu  1022  by  Asellius,  who  first 
eaw  them  on  ojieniiig  the  alHioinen  of  a  dog,  a  few  hours  after  the  iuges- 
tiuii  of  food.     The  discovery  of  the  geueral  system  of  lymphatic  vessels 

was  made  subsequently  I13  I\ud- 
F"?-  6*-  beck  and  Bartholin,  in  1651  and 

I  (Jo  3,  ajid  was  conseqtieut  ujxiu 
the  previous  observntiuns  ou 
the  lacteals  of  the  alxlomeii. 

Thjit  Ihe  white  color  of  the, 
chyle  doring  digestion  is  really' 
due  to  the  presence  of  fatty  sub- 
stances  absorbe<l  from  the  intes- 
tine, is  shown  by  the  fact  that 
the  iiit«-nsity  of  this  color  is  in 
pro[>ortioii  to  the  quantity  of 
fat  contained  in  the  food.  It 
is  gencruUy  less  marked  in  her- 
bivorous thiin  in  earuivorous 
animals.  According  to  the  ob- 
servations of  Tiedeniwnn  and 
Cinu'lin,  in  a  dog  fed  with  fatty 
uiattL-rs  the  lacteals  are  abund- 
antly filletl  with  anopmiue  white 
fluid,  while  in  the  same  animal 
ftd  witli  starchy  matters  alone, 
the  chyle  is  pale  and  but  slightly 
opaline;  and  finally  Bemanl  has 
shown  that  if,  in  a  dog  after 
several  days  fasting,  a  little 
ether,  coiitnining  fat  in  solution, 
be  injected  into  the  stomach, 
witliout  the  introduction  of  any 
other  food,  at  the  cud  of  a  few 
hours  the  lacteals  are  found 
fully  tlistendcd  with  milky  chyle, 
precisely  Rimilar  in  appearance 
to  that  obtuined  during  ordinary 
digestion. 

Pngsage  0/  Absorhrd  .Afnd'riala  into  tb,^  Circutation.—Tlic  products 
of  digestion,  wliich  are  taken  up  by  the  blooflvesaela  and  lymphatics  of 
the  intestine,  pass  by  two  different  routes  into  the  general  circulation. 
The  blood  of  the  portal  syfitcm,  containing  albitrainose,  B«i£ar,  and 
niokai>l«ir  Jtttj  is  carried  at  once  to  the  liver,  where  it  traverses  the 
capillary  vessels  of  this  organ  before  reaching  the  vena^cava  and  the 
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right  sido  of  the  heart.  The  ch^-lc,  on  the  other  hand,  containing  also 
a  large  proportion  of  fatty  iugredieiitss,  piisses  by  the  thoracic  duct 
directly  to  the  left  subclavian  vein  uml  is  thure  miiiglfd  with  the  retuni- 
>ng  eurrout  of  the  venoua  bluoil.  Unt  all  ihfse  BuUsUiuiiet),  after  cntcriug 
the  circiilatioa  uiul  coining  in  contact  vvilh  the  organic  ingiedii-nts  of 
the  blood,  are  motlificd  in  such  a  way  as  no  longer  to  be  recvtgnizablc 
under  their  original  foiin.  This  change  takes  place  very  rapidly  with 
the  albuuiiuose  and  the  sngar,  bolh  of  which  are  taken  up  in  greatest 
proportion  by  the  blootlvessels  zuid  arc  curried  at  ouce  througli  the 
hepatic  capillaries.  The  atbiiminose  passes,  in  all  probability,  into  the 
condition  of  ordinary  albumen,  while  the  sngtir  rapidly  brconies  decom- 
posed, or  transformed,  mid  loses  ita  cliarncteriKtic  properties ;  su  that, 
on  arriving  at  the  entrance  of  the  griieral  circulation,  both  these  newly 
absorbed  ingredients  have  l»ecnme  already  as.siuiiliited  to  those  which 
previoual}'  existed  in  the  blood.  The  futty  matters  also,  which  reacli 
the  blood  on  the  right  siile  of  the  heart  both  by  the  portal  and  he)>atic 
veins,  and  by  the  thoracic  duct  and  subclavian  vein,  undergo  a  trans- 
formation while  passing  through  the  lunga  by  which  tlieir  diMtinctive 
characters  are  destroyed,  and  they  are  no  longer  visilile  as  oleaginous 
molecules.  This  alteriitinn  is  so  cfimpkte,  lUiring  the  early  |)art  of 
digestion,  or  when  the  proportion  of  fat  in  the  food  is  Binall,  that  nil  the 
oleaginous  matter  disapiieara  in  tla-  lung*  and  none  of  it  is  to  be  de- 
lecteil  in  the  blood  of  the  general  cireulntion. 

But  as  digestion  pro«'e<ls,  especially  wlien  the  food  hns  been  abnn- 
(lant  in  oleaginous  substances,  an  increasing  quantity  of  lattj-  matter 
finds  its  way,  by  tiiese  two  passages,  into  tlic  blood ;  antl  a  time  at  last 
arrives  when  the  whole  of  the  fat  eo  introduced  is  not  destroyed  during 
its  passage  through  the  lungs.  Its  absorption  taking  place  at  this  time 
more  rapidly  th;m  its  decomposition,  it  begins  to  appear,  in  moderate 
quantity,  in  the  blood  of  the  general  cii-culation  ;  antl,  lastly,  when  the 
intestinal  absorption  is  at  its  point  of  greatest  activity,  it  is  fouml  in 
Considerable  abundance  throughout  the  entire  vascular  system.  At  this 
period,  some  hours  after  the  ingestion  of  f^^o'\  rich  in  oleaginous  matters, 
the  blood,  not  only  of  the  ptjrtal  vein,  but  also  of  the  general  circula- 
tion, everywhere  contains  a  Buperabuudance  of  fat,  derive<l  from  the 
f  digestive  process.  If  blood  Ik;  then  drawn  from  the  veins  or  the  arteries 
in  any  part  of  the  body,  it  will  present  the  peculiar  apiiearanee  known  as 
that  of  "chylous"  or  "milky"  blood.  On  the  sepamtioii  of  the  clot  the 
serum  is  turbid ;  and  after  a  few  hours  of  repose,  the  fatty  substances 
which  it  contains  rise  to  the  top  and  cover  its  surface  with  a  partially 
0|)aque  and  creamy-looking  [»elliele.  This  rippearunce  has  been  or-ca- 
sionally  observed  in  the  blood  of  the  huraiui  sul*ject,  ]>Hrticularly  in 
eases  of  ajjoplexy  occurring  after  a  fidl  meal.  It  is  a  purely  normal 
phenomenon,  and  dejxenda  simply  on  the  rapid  absorjitipn,  at  certain 
periods  during  the  digestive  ]irocess,  of  oleaginous  substances  from  the 
intestine.     It  can  be  observed  in  the  dog  ut  any  time  by  feeding  him  wilU 
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fat  meat,  and  drawing  blood,  seven  or  eight  hours  afterward,  from  the 
carotid  artery  or  the  jugular  vein. 

This  state  of  things  continues  for  a  varying  length  of  time,  according 
to  the  amount  of  oleaginous  matters  contained  in  the  food.  When 
digestion  is  terminated,  and  the  fat  ceases  to  be  introduced  in  unusual 
quantity  into  the  circulation,  its  transformation  and  decomposition  con- 
tinuing to  take  place  in  tlie  blood,  it  disappears  gradually  from  the 
veins,  arteries,  and  capillaries  of  the  general  system ;  and,  finally,  when 
the  whole  of  it  has  been  disposed  of  by  the  nutritive  process,  the  serum 
again  becomes  transparent,  and  the  blood  returns  to  its  ordinary  condi- 
tion. 

In  tliis  manner  the  nutritive  elements  of  the  food,  prepared  for  ab- 
sorption by  the  digestive  process,  are  taken  up  into  the  circulation  under 
the  different  forms  of  albuminose,  sugar,  and  chyle,  and  accumulate  as 
such,  at  certain  times,  in  the  blood.  But  these  conditions  are  tempo- 
rary and  transitional.  The  nutritive  materials  soon  pass  by  transfor- 
mation into  other  forms,  and  become  assimilated  to  the  pre-existing 
elements  of  the  circulating  fluid.  In  this  way  they  accomplish  finally 
the  object  of  digestion,  and  replenish  the  blood  by  a  supply  of  new 
materials  from  without. 


CHAPTER  X. 


THE  BILK. 


The  first  peculiarity  of  Uie  liver,  as  coni|mred  with  other  secreting 

orgaus,  is  that  it  is  supplitMl  with  bJood  at  the  saiiK;  tiiiif  from  two  dil- 

k-rent  sourcts  ;  naim-ly,  I'roiii  tlm   liejiatiu  artt'iy  iiml  tlu'  iioital  vein. 

The  nunificntions  of  thf  hepsitic  artery  are  e.s|X'oially  tlistriliutud  to  the 

i       wgUe  ot  tiie  hejiatic  ducts,  to  those  of  the  pojlal  lehi,  to  the  earmule  of 

I       GUsson,  aiid  to  the  {>eritoueaJ  uo^ering  of  tiie  orgnti ;  wliile  tiiose  of  tl»e 

^^bortal  veiu  pass  in  a  pecuJtnr  mnnner  into  tlie  ginnduliu-  |>»reiu-]iyma, 

^^■nd  after  traversing  its  substnnce  ns  a  capillary  ]ilexu»  become  ooutinu- 

^^■us  with  the  rootlets  of  tlie  hepatic  vein.     Beside  artenal  blood,  accord- 

^^ngly,  wliicli  it  receives  in  common  with  the  other  abdominal  organs, 

iu  moderate  quantity,  it  is  sup|tlied  with  an  :fltundiince  of  venons  blood, 

collected  by  the  j)ortal  83'Bteiii  from  the  stomach,  the  sjgleeii,  the  pancreas 

,      jind  the  inteslinsU  canal. 

Secondly,  the  liver  is  distinguished  by  its  large  size.  While  the 
'  weight  of  all  the  smlivary  glands  tuken  tKfjfther,  iu  the  hdman  species, 
IS  but  little  over  100  grammes,  and  that  o("  the  pnncrt'us  about  75 
grammes,  the  liver  fonns  a  compact  vascular  and  glandular  organ, 
weighing  nearly  or  quite  ICOO  gnimmes,  and  occupying  a  considerable 
portion  of  the  abdominal  cavity. 

Lastly,  the  liver  is  peculiar  in  its  texture,  and  diffcr«i  so  much  in  this 
s|)ect  from  the  other  secretory  organs,  as  tn  require  a  special  de9cri|>- 
)n.     As  in  other  instances,  the  secreting  apparatus  consists  essentially 
glandular  cells  and  capillary  bloodvessel?,  with  the  duets  which  col- 
let and  iransjiort  the  secreled  fluid  ;  but  these  etetneiits,  instead  of 
being  arranged  as  elsewhere  in  distinct  groups  of  tubular  or  rounded 
follif.'les,  are  closely  united  with  each  other,  forming  ou  all  sides  a  con- 
tiuiious  mass  by  their  mutual  euut;iet  and  atlhesion. 
Tiie  substance  of  the  liver,  in  man  and  iu  the  quadrupeds  generally, 
^^h  dividetl  into  pentagonal  or  hexagonal  masses  or  islets,  about  1.5  niilli- 
^^■Ctre  in  diameter,  which  are  known  by  the  narne  of  the  hepatic  lobulea. 
^^Diese  lobules,  however,  are  not  distinctly  separated  from  each  other, 
^Bllt  arc  simply  made  visible  by  the  relative  arrangement  of  the  atfereut 
and  efferent  bloodvessels.     Each  lobule  i%  enibrnccd  upon  its  (;xi£mitl 
surface  by  the  terminal  branches  of  the  portal  vein,  which  ramify  be- 
tween the   lobules  lying  adjacent  to  each  other.     These   vessels   are 
?brdingly  known  as  the  tiiterlobttlar  Vfini*,     From  the  side  of  the 
Btcrlobulur  vein,  minute  vessels  pass  into  the  substance  of  the  lobule, 
and  there  form  by  their  division  and  inosculation  an  abundant  capillary 
14  (  201  ) 


lonvergent  direction 
the  peri|.>tK»ry  low«nI  tlu'  CHntre.     At  tlie  midiUe  part  of  the  lobule  tUi^y 
uaiUi  to  luriii  the  commeucemeut  uf  lui  ctlereitt  vesstd  which,  from  its 

central   or    inttrior   posi- 
Fig.  65.  tiun,  is  U-riiicMi  the  intra- 

Uintlar  vein.  This  root- 
let continues  its  course 
UDtil  it  joins  one  of  the 
sniuller  brunches  of  the 
hei'atic  vein.  Knch  lobule 
may  therefore  be  coii- 
si<lere<l  as  a  more  or  le&s 
ovoiti,  cylindrical  or  pris- 
mutic  ittai».s,  reisting  upuu 
a  bniueh  of  the  hei>utic 
vein,  and  atlaclied  to  this 
vessel  by  its  own  intra- 
lobular  vein,  which  passes 
through  it»  axis  and  re- 
ceives the  blood  collected 
from  its  capillary  vessels; 
while   it   is   encircle*!   by 

HKrATio   Loudlb,  In  trnnavene  iFctlon,  ■hnwlntf  -it  .  r     i" 

tjje  aiitribution  of  its  bjooUn-isfi* -a,  a.  Interlobular    ternimiii  branches  Ul   the 

T#ln«      6   IntraK-hulnrTeliu     c. --.  f.  Plexu.  of  C-.j.llJ«ry      nortal   Vein    ftUnplvine   the 
blf>od»eB«*l»  In  the  wubitfine*  of  the  lobule,    rf,  <I.  Twlgi      '  .        .  .  . 

orialriltibular  veiD,  pMdDK  to  nOJnoeot  lobDles.  blood   for   lU)   lUteHor   cil'- 

cnlaiiun. 
Beside  its  cnpilbirj  bloodvessela,  the  mass  of  the  lobide  is  made  up 
mostly  of  glandular  cells.     Thetie  cells  are  generally  of  a  five-  or  six- 
sided  [jrismatic  form,  often  with 


Fig.  66. 
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one  or  two  of  tht'ir  honlers  ex- 
cavated b}-  ciii\  ilinear  furrows 
at  the  points  where  they  are  in 
contact  with  a  capillarj'  blood- 
vessel. They  are,  on  the  aver- 
age, 22  minm.  in  diameter,  of  a 
finely  granular  aa|>ect,  u.sually, 
in  the  hiiiDHn  subject,  containing 
one  or  more  niiiiuie  fat  globules, 
and  provided  u  itli  a  WL>II-Hinrke<l 
round  nr  oval  nttcleolated  nu- 
cleus. The  cells  are  every- 
where ill  contact  with  each 
other  by  their  plane  surfaces, 
and  each  one  is  also  in  direct 
relation  at  several  points  with 
a  capillary  bloodvessel.     Thus 
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tho  union  of  these  two  clemeiitB  is  iutimate  and  complete  throughout 
tiie  sulistance  uf  tliG  liepulic  lobule. 

There  is  au  equally  clo.se  eoiiiiectiou  between  the  glanduUr  ifuhetance 

>r  the  liver  auU  the  biiiury  ducts.     The  main  hepatic  duct,  which  with 

it8  ramificdtions  uecou]|Kinie8  the  diviuiouH  of  the  portul  vein^  bresikit  up 

into  branched  wtiieli  ftuully  n-acii  the  iiiterlobuhir  tipai-eti.     Tfie  biliary 

ducts  in  the  human  liver  which  have  a  larger  <liiimeter  than  ulioiit  iOQi 

Qimm.  are  lined  with  eilh  of  cylindrical   epithelium;    while  in  tho.se 

*hi(;li  are  l)elow  10(1  miiim.  in  diain<*tec,  the  form  of  the  cells  chimges 

^gradiiAlly  to  th:tt  »f   pavement  eiiillieliiiin.     The  liiliary  ducts  wbich 

t«KXuipv  the  interlobular  spaces  are  uf  the  smaller  varietj^  l)eing  not 

IIQore  than  50  tnaim.  in  diameter,  and  are  lined  accordingly  with  p.iive- 

nient  eiiitheliura.     They  break  up  into  comniuuic:tting  branches  which 

cover  the  suifuce  of  the  lobule  with  a  plexus  of  biliiuy  ciiiiaiieulL 

Fig.  67. 


CS^ 
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FiVBK  BiLiART  GMIAL6   AMD  BiLiAKT  DrrTfl.froTn  the  froff**  llTvr.— «.  SmiiU 

HHnrj  Auet,  with  its  llnia^  o(  ppith^lium  cells.     6,  e.  T«rniia«l  brkDchps  of  the  minute  Mli- 

ry  c«Di»l«,  lurTounded  by  flKoduUr  ceU«.    d.  Tri»D«venM'  oommunientiDi;  britneh  tjetwren 

:wo  hlli%r)r  cunala,    e,  e.  Slteitlh  of  glundulAr  iMtretlnx  eeila,  •wrrouadtoK  Uie  bUiAry  osniila. 

SceUoB  of  eapilUry  blood vMaeL    (EbertlL) 


1       n 


From  this  8ui>erfiHnl  plexus  the  finest  biliary  tube«  penetrate  into  the 
aubstance  of  the  lolnile  and  there  inosculate  with  each  other  between 
he  glandular  secreting  cell h.  In  the  liver  of  the  amphibia  (frogs  and 
water-lizards),  as  shown  by  the  investigations  ofllerinjif  and  El>erth,the 
nitimatc  structure  of  the  secreting  appanitua  in  not  essentially  ttilferent 
from  that  of  other  lobnlated  glandn.  The  smaller  biliary  ducts,  line<l 
with  pavement  epitlieliuin,  give  off  minute  branches  which  communicate 
with  each  other  more  or  less  nbnndantly  an<l  are  themselves  in  contact 
everywhere  with  the  large  glandular  cells;  each  terminal  branch  being 


204 


THE    BILK. 


surroiinrlod  by  a  single  sheath  of  Ruoh  glandiilnr  colls,  which  stand  in' 
place  of  the  ej>itbelial  linuig  of  a  tulie  of  lullick-. 

In  the  liver  of  the  warm-bloodt'd  qiindruptMlH,  the  texture  of  the  organ 
is  more  compact,  the  glandular  oelU  ami  cat>illiiry  bloodvessels  more 
closely  uuited,  and  especially  the  Ducst  biliaiy  passages  in  the  substance 
of  the  lobule  are  more  abundant  and  inosculate  more  frequently  Avith 
each  othtr.  From  the  plexuH  of  biliary  cannliculi  u]>on  the  surface  of 
the  lobuJe,  already  described,  branches  of  much  smaller  size  iK-netrate 
into  its  interior^  an<l  these  inosculate  so  abundantly  by  transverse  com- 
nimiications  that  tliey  encircle  each  glandular  cell  in  the  meshes  formeil 
by  their  network.  These  interior  comnninicating  passages  are  the  capil- 
Inr;/  Infe-fiuclK.  They  arc  much  siuallcr  than  the  ca|Mllary  bloodvessels, 
bein£j;  in  the  rabbit's  liver,  according  to  Kolliker,  not  more  than  2  miiiiu. 
in  diameter,  regularly  cylindrical  in  funn,  and  witliout  any  jHTceptible 
dilatations  at  the  points  i){  itiosculation.  They  embrace  Uie  glandular 
cells  in  such  a  way  that  they  are  always  situateil  at  the  greatest  })ossilile 
distance,  that  is,  half  the  dtaracler  of  a  c_ell,  from  the  nearest  capillary 
bloodvessel ;  the  bloodvessels  runuing  idoug  the  borders  or  angular 
edges  of  the  prismatic  cells  (Kolliker),  while  the  capillary  bile-ducts 

(pass  along  the  middle  of  their  plane  surfaces.     Thus,  the  two  sets  of 
canals,  namely,  cajiillarj'  blood- 
Fig.  68.  vessels    and   bile-ducts,  form    a 
Jl^j-^flr^  double    series    of    inosculating' 
|l^^fc^i^^\         passages  embracing  the   gland- 
I                                       Jv^l  "  "^^"^  cells,  the  meshes  of  which 
I                                 ^#      liraw      '  '''*   always    directed    nearly  or 
I                             ^c^  ^iIh*1I         quite   at   light  angles  to   each 
^     y^>*  ^^  -^{^^  vlt     L  ''''^'^  intralobular  capillary  bile 
^'                                            r^V'Si       ducts,   above   described,  as   de- 
fr  7™"           J"'i^'^\-f^  T     U'Q^'^^''     nioristrated  by  injections,  have 
f^'              Tl   ^»  f-fe  1  ^^hT'    y    I      ^**^"  regarded  by  some  authori- 
'-';  ^'j!*-,/  x-t'x.  X  "'"  ■J^'r^C''      ^^^'^  "^  artificially  produced    by 
i  V  A  .^'v  I  ( /     f     "*^  ^  /  ''^''f          th*2  nccideiital   extravasation  of 
'^•^i-l^i^                                       1            *^*^  injection  fluid  and  its  inQltra- 
•'  '^                                         ■'                tiofi  between  the  glandular  cells. 
But  the  existence  of  these  ducts 
as  a  natural  formation  has  been 
corroborated   by   too   many  ob- 
servers to  leave  It  a  matter  of 
donbt,  especially  considering  the 
regular    and    uniform    arrange- 
ment nnder  which  they  present  themselves.     Their   situation   is  nlso 
against  the  hypothesis  of  their  nrtiflcial  origin,  since  they  are  not  placed 
at  tlie  angidar  borders  of  the  glandular  cells,  where  an  extravasated 
fluid  would  naturally  And  its  way,  but   run   along  the  middle  of  their 
plane  surfaces  where  they  lie  in  close  contact  with  each  other;   and. 


I 
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TUAWSVEKSB     SutllUK     or     TAUT     OF     A 
tiOBULX     PROIt      TRB     RABBIT'8     LlTBK.— 

a, a, a  Xuclented  i^lnndultr  edU.  b,b,b  Opll- 
l.nry  bUe-duct8  pnsBlns;  b^twe<>n  the  ndjacrnt 
cpUf.  e,e,c.  Sections  of  cnpUlArr  bloodvcitipli'. 
(Qcnth.) 
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Bnally,  EoUiker  has  found  that  the  capillary  bile  ducta  in  the  liver  of 
the  rabUlt  may  bec-ouu!  visible  in  tlieir  usual  positions  in  thin  Bcctions 
hnnlened  in  alcohol,  where  no  iujoetion  has  been  practised.  They  are, 
therefore,  to  lit  reganiL-tl  as  the  fim-et  commencing  lamiiications  of  the 
biliary  canaJs,  which  receive  the  secreted  fluids  directly  from  the  sub- 
stance  of  the  glanduhir  cells. 

Physical  and  Chemical  Characters  of  the  Bile. — The  bile  is  distin- 
l^uisbed  from  all  the  other  sccretiong  discharged  into  the  alimentary 
canal  principally  by  the  fact  thiit  it  doc3_aat_coiitaiu  i\n^alb»iminou8 
ingredient  analogous  to  those  of  the  saliva,  the  gastric,  pancreatic,  or 
intestinal  juices;  its  most  important  constituents  being  nitrogenous 
cr3istal!lizable  snjjstanccs,  together  with  ehohjsUyine  and  coluniijj^  mat- 
ters. Bile  taken  from  the  gall-bladder  contains,  it  is  true,  a  certain 
amount  of  mucus,  which  gives  it  more  or  less  of  a  ropy  and  viscid  charac- 
ter; but  tins  mucus  is  secreted  by  thjo  gall-bladder  itself,  and  bile  taken 
from  the  galUluets  in  the  substance  of  the  organ  is  always  perfecti}' 
fluid  and  watery  in  consistency.  Furthermore,  the  gall-bladder  is  by 
no  means  constantly  present,  even  in  the  higher  animals,  being  absent, 
accoitling  to  Wagner,  in  the  liorse,  the  camel,  most  of  the  pach^'dennata 
and  several  of  the  gnawing  animals,  and  at  tlie  same  time  pri'si-nt  in 
many  closily  allied  siiecies.  The  bile  accordingly,  in  its  essential  in- 
gredients, diifers  in  a  marked  degree  from  the  digestive  Becrelious 
proper. 

The  bile,  as  it  comes  from  the  gall-bladder,  is  a  clear,  more  or  less 
tenacious  and  ropy  fluid,  ui-ulnd  in  reaction,  willi  a  faint  and  rather 
indefinite  animal  o<.lor.  If  it  be  shaken  up  with  air,  or  if  iiir  be  Mown 
into  it  through  a  narrow  tube,  it  easily  foams  up  into  a  frothy  mixture 
which  remains  for  a  long  time  on  the  surface  of  the  fluid.  This.i)roperty 
of  frothing  upon  agitation  with  air  does  not  depend  upon  the  mucus  which 
it  contains,  but  upon  the  biliary  salts  jyroper,  namely,  the  60<iiiiui  glyco- 
cholate  and  taurocholate ;  since  these  salts  iu  a  pure  watery  solution 
exhibit  the  same  property. 

Its  specific  gravity  is  rather  high,  as  compared  with  that  of  the  other 
secretions.  In  ox-bile,  we  have  fuund  it  lo  be  1024,  in  pig's  bile  IU30 
to  103fi.  The  sjx'ciflc  gravity  of  human  bile,  according  to  Uobiii,  is 
from  1020  to  1026;  according  to  Jacobsen,  in  bile  from  a  biliary  fistula. 
but  little  over  It) ID.  AVe  have  found  it,  in  bile  taken  from  the  gali- 
hladder,  1018. 

Its  color  varies,  in  different  species  of  animals,  IVom  a  reddish-orange 
to  a  ncarlj*  pure  green,  and  in  ditTerent  instances  presents  all  the  inter- 
inediate  tints  of  golilen-yellow,  reddish-brown,  olive-hrown,  olive,  yel- 
lowibh-green,  and  bronze-green.  It  may  lie  describeil  in  general  terras  as 
a  greenish-bronze,  with  sometimes  mrire  or  less  of  an  orange  tint. 
Human  bile  from  a  biliary  fistula  was  foimd  by  Jacobsen  to  he  of  a 
clear  yellowisli  bronze-green;  that  taken  from  tlie  gall-bladder  afler 
death  is  usually  of  a  dark  golden-brown.  Dog's  bile  is  of  a  brownish- 
olive  or  bronze  color;  pig's  bile  of  a  reddish-orange  or  reddish-brown; 
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and  sheep  ami  ox-bile  of  a  gjeenish-olive^  or  more  freqiienlly  of  a  pure 
green.  As  a  general  rule,  the  bile  of  the  lierbivarous  animals  is  wore 
tleciUedly  green  in  Inn",  that  of  the  ciimivora  ami  omnivora  orange  or 
brown.  All  these  fHUlTt'uces  may  Ik;  referred  to  two  main  classes  of 
tints,  corresponding  with  two  different  coloring  matters;  in  one  of  which 
the  predominating  color  is  red  or  refldisli-lnowa,  dej^>endent  on  bHirv- 
biiie,  while  in  the  otht-r  it  is  grwjn  owing  to  the  presence  of  bilioerdme. 
As  the  proportion  i>f  these  two  snlwtjineea  varies  in  any  given  spt-ciroen, 
it  will  exhiiiit  a  com.'.si>onding  color  of  the  pure  or  mingled  tints. 

Tlie  color  of  the  bile  is  also  mmlifie<1  by  oxidizing  agcul8,  which  pro- 
duce a  green  hue  in  bile  which  wns  origiually  olive  or  brown,  and 
increase  the  intensity  of  the  green  tint  wlu-u  this  color  is  already  pre- 
ftent.  If  brown  or  olive-colored  bile  be  exposed  to  the  air  for  a  short 
time,  its  enrface  becomes  green  by  cont«et  with  the  almosphere.  The 
eame  change  may  be  instantly  produced  Uy  adding  to  the  bile  a  few 
drops  of  a  watery  soiulion  of  itxliiie;  and  a  little  nitric  acid  acts  with 
great  enei^,  develojHiig  a  hriglit  grass-green  hue.  These  changes 
de|>cnd  apon  the  oxidation  of  the  bilirubinc,  and  its  consequent  con- 
version into  biliverdirie. 

The  green  color  of  bile  nlwo  diRappears  rnpidly  when  excluded  from 
all  8oiirt,t;.s  of  oxidation.  If  ox-bile,  of  a  pure  green  or  olive-green  hoc, 
be  ilicloseii  in  a  perfectly  full  and  securely  stoppered  vessel,  so  as  to  be 
entirely  protected  fntin  tlic  air,  it  graclually  loses  its  green  color  and 
becomes  of  a  dull  yellow.  This  change  progresses  from  the  external 
parts  of  the  lirinid  towani  it3  centre,  until  at  tliu  end  of  twelve,  twenty- 
four,  or  thirty-six  hours  the  whole  of  it  has  be<!ome  of  a  light  yellow  or 
yellc^wiah-brown.  In  this  comlition  the  green  hue  niny  bo  again  ri'stored 
by  the  addition  of  iodine,  or  by  exposing  the  bile  in  thin  layers  to  the 
air.  The  green  color  of  the  bile  aecortlingiy  appears  to  be  dependent 
on  continued  oxidation. 

The  bile  presents,,  in  addition,  certain  remarkable  optical  properties 
which  distinguish  it  from  other  aniiuid  fluids. 

In  tiie  first  place,  it  is  dichroic  ;  that  is,  it  has  two  different  colors 
by  tmnsmittetl  light,  according  to  the  thickness  of  its  ma.ss.  If  ox-bile, 
which  is  of  a  pure  transparent  g«>en  by  oniinary  daylight  in  layers  of 
two  or  throe  centimetres,  be  viewed  by  strong  sunligJit  in  a  thickness 
of  five  or  six  centimetres,  it  is  letl.  In  this  resjnrct  it  resembles  a  solu- 
tii»n  of  ehlorophyllc,  which  presents  the  contrast  of  the  same  two  colors 
in  a  very  marked  manner. 

Secondly,  the  bile  is  Jlaorescent ;^  that  is,  it  becomes  faintly  luminous 


'  This  properly,  so  ralird  froim  flitnr  upar,  in  which  it  waa  first  observed,  is 
shown  by  viiriouH  Iruiispivreni  Hulistances,  wlirn  ilhiminttterl  hy  fwilar  liplit,  or  by 
tlinl  of  wrtaiti  parta  of  the  cpcctrnm.  Thus  ii  solutinti  or<|ii:iiine  siilpliutc,  which 
is  perfectly  colorless  by  ordiiitiry  difTuBed  dnyhpht,  liecomes  bine  at  any  spot  where 
the  sun's  rays  are  cunc-ent rated  upon  it  by  a  lens;  and  it  exhibits  a  diatiact  laiat 
noeily  iii  bytli  the  violet  utid  ullra-violel  parts  of  the  spectruin. 
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*itU  a  color  of  its  own,  when  vievVed  by  the  more  refrnngible  rays  of 
Ihe  Bolar  spcc'truni.  If  a  specimen  of  biic,  of  :i  dear  gieL-ui»li  color,  be 
l^laced  in  tbe  track  of  either  tlie  viok-t  or  blue  r:\ys  of  tbe  solar  spec- 
triiin,  it  Ijecomea  visible  with  a  tight  yfllo*visU-grt'tn  tint.  In  the  green 
it  is  more  yellowish ;  and  in  the  yetlow  it  bus  a  distinct  tinge  of  red ; 
while  in  the  red  ray  its  fliioresct'iico  is  hanlly  fRrrceptilile.  Thus  in  all 
parts  of  the  s|>ectrura  ivliere  it  exhiiiits  this  [aojHTty,  it  eunts  a  lif;!it 
of  less  refraiigiltility  than  that  of  the  ray  by  which  it  is  ilhiminated. 
The  proi>erty  of  fliioivseence  is  also  luaniffstetl,  to  a  remarkable  degree, 
!»y  Bolutioiks  of  cbloroiihylle,  which,  although  of  a  clear  green  color  by 
(litfused  daylight,  are  of  a  pure  rt-il,  when  viewed  by  either  the  violet, 
blue,  green,  or  jjellow  rays  of  the  siieotruin. 

The  flunrescence  of  ijile,  liowcver,  does  ntit  depend  altogether  upon 
its  coloring  matter,  but  in  diH!  mainly  to  the  preseuee  of  liie  biliuiy  suits, 
since  it  is  exhibiteil  in  an  equal  degree  by  watery  or  alcoiioUc  sfdtitioiis 
of  sodium  tauroeholate  and  glycoeliolate  ;  the  only  diirercuce  being  that 
the  color  of  these  solutions  by  the  violet  and  blue  rays  is  nearly  j>ure 
yellow  instead  of  j'ellowish-groen. 

Thirdly,  tlie  sjieclrtnn  of  liile  is  distinguished  by  certain  i>cculiar 
characters  and  absorption  bands,  de])enik'tit  u|Km  its  coloriirg  riiatler. 
All  the  wore  relrangible  ra3-s  are  absorbed  with  great  inteimity,  so  that 
the  visible  spectrum  is  very  short,  terniinnliug  usuidly  within  the  limits 
of  the  green,  about  midway  between  the  lines  E  i»itd  F.  A  portion  of 
the  green,  accordingly-,  and  the  wliole  of  the  bine,  indigo,  and  violft  are 
completely  absorlK'd,  even  when  the  l>ile  is  viewud  in  a  layer  only  one 
centimetre  in  thickness.  In  dog's  and  pig's  bile  the  spectnira  some- 
limes  terminates  in  the  first  half  of  the  green,  at  or  ju!<t  beyond  the 
situation  of  tbe  line  K  ;  and  in  human  bile  even  within  this  point,  about 
the  commencement  of  the  green  part  of  the  speetrunv. 

Another  peculiarity  of  the  spectrum  oC  bile  is  that  its  light  does  not 
fade  away  grail ually  toward  tlie  ra<ire  refrangible  portions,  as  is  the 
c.ise  with  most  other  e<»lnred  fluids,  Imt  it  terminates  suddenly,  so  that 
the  light  is  cut  otT  abruptly  at  tbe  situations  above  mentitme*!,  thus 
making  a  strong  contrast  with  the  complete  darkness  Immediately 
beyond  its  limit's.  This  peculiarity  is  percepLiblc  in  bile  of  all  shades 
of  green,  olive,  yellow,  or  reddish-brown. 


•  If  anv  c-<(liiri«!  fluiil  b^  placed  before  the  slit  of  a  spectroacope.  so  that  the 
light  which  passeb  ihruugh  it  is  ufterwari]  dinpersed  by  tlie  prisin  of  the  iustru- 
nu-nt,  to  form  a  spectrum,  it  is  foniid  that  it  aVifwrba  the  lipht  of  the  diffiTPnt 
colors  with  diffiTcnl  degrees  or  intensity.  When  the  abgorption  of  light  in  any 
parlicolar  jmrt  of  the  m«»ctriim  is  po  ptroiip  aa  to  caiiHe  at  that  Bpot  a  dcitded 
dimness  in  comparison  with  tliv  neiirhbnritip  repioiis.  it  f»  called  an  "absorj'tiim 
l)»nd,"  and  is  charucterietic  of  the  fluid  which  produces  it.  The  eituution  of  an 
absorption  band  is  aHutilly  indicated  bj  rurerence  to  Fraueuhofer'a  liaes  of  the 
•olar  epectrua),  known  as  A,  B,  C,  D.  K,  F,  G,  and  11. 


The  Bpectnim  of  bile  sbowa  furthermore  three  absorption  bands,  situ- 
ated in  the  red,  the  oruuge,  mid  the  yellow. 

The  tirst  ia  a.  daik  and  strongly  mniked  band  in  the  red,  at  the  situa- 
tion of  the  line  C,  but  extemling  usually  a  considerable  distance  to  the 
left  toward  B.  Its  width  varies  with  the  thickuess  of  the  layer  of  fluid 
examined,  but  when  this  is  iiieretised  beyond  a  eeilain  limit  the  whole 
of  the  red  disappears,  so  that  the  absorption  of  lijiht  at  this  spot  ia  no 
longer  visible  an  a  distinct  band  vvilh  red  on  each  bide  of  it.  The  hand 
itself  rarely  reaches  the  situation  of  the  line  B,  and  seldom  or  never 
passes  beyond  it  without  extinguishing  at  the  same  time  all  the  red 
light  of  the  Bj>eelrnm.  In  layers  of  two  or  three  centimetres'  thickness 
it  is  quite  dark,  often  almost  black,  while  the  red  on  each  side  of  it  is 
still  very  brilliant. 

As  a  rule,  the  intensity  of  the  absorption  band  at  C  ia  in  proportion  to 
the  preponderance  of  green  in  the  color  of  the  bile.  Though  easily  seen, 
in  comparatively  tliiii  layers,  in  speeimens  of  a  pure  green  or  a  decide*! 
green ish-olivo  color,  it  is  less  perceptible  in  specimens  of  a  yellowish. 
yellowish-brown,  or  olive-brown  tint.  But  if  a  specimen  of  reddish  or 
yellowish -brown  bile,  wliieh  does  not  show  the  band  distinctly,  be  turned 
green  by  the  aildiliou  of  a  few  drops  of  an  iodine  solution,  the  band  at 
C  at  once  becomes  visible,  often  to  a  very  marked  degree. 


BrsoTmrv  or  Obbkv  (Saaicr's)  Bil> 


It  wonld  appear  from  this  that  tlie  band  at  C  in  the  spectrum  of  bile 
is  proliably  due  to  the  presence  of  its  green  rather  than  its  red  colorinij 
matter.  As  the  liitirubine  is  well  known  to  be  convertinl  by  oxidizing 
agents  into  biliverdine,  and  as  this  change  is  accompanied  by  the 
ciipearauce  of  the  C  band  when  it  was  not  previously  visible,  it  is  evi- 
dent that  the  ban<l  in  question  liehings  to  the  green  cohning  matter. 
At  the  same  time  it  is  noensionally  to  Ik"  seen  in  the  spectrum  of  dog's 
bile  wliich  is  olive-brown  or  even  brownish-yellow  in  hue;  its  intensity 
in  these  cases  being  much  increased  by  turning  the  bile  of  a  decided 
green  with  iudinc. 

The  absori)tion  band  at  C  is  a  normal  characteristic  of  the  bile,  and  i« 
not  dependent  on  pnst-movtem  changes  in  tlie  Kceretion.  We  tiave  swn 
it  distinctly  marked  in  the  spectrum  of  perJeclly  fresh  slieep's    bile. 
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examinol  within  fifteen  minutes  .ifter  the  animal  "was  killed  and  the  gall- 
bla<l(ler  tiikcn  out  of  the  abi.lomeii. 

The  two  other  absorption  bnnds  of  bile  are  exceedingly  faint  in  com- 
pnrison  with  the  first,  und  mut-h  Il'ss  coustant  in  t!it4r  ofL-urrence.  One 
of  them,  ver^'  tJiin  nnd  ill-dL-liuftl,  is  situated  at  the  junctiim  of  the  orange 
and  yellow,  immediately  to  the  left  of  the  line  I>,  oi-cunyiiig  about  the 
last  third  of  the  space  between  (J  and  1>.  The  remaining  band  is  mueh 
narrower  than  either  of  the  others,  but  a  little  more  distinctly  detine<l 
than  the  second.  It  is  situated  at  about  one-third  the  distance  between 
D  and  E.  The  last  two  abHoristion  bands  are  more  fiequenlly  visible  in 
sheep's  bile  than  in  that  of  other  animals;  but  all  ttiree  ma}'  be  some- 
times seen  in  a  watery  solution  of  desiecated  ox-bile  which  has  l>eeu 
kept,  in  the  form  of  a  dry  powder,  for  several  year*. 

Lastly,  the  spectrum  of  bile  exhibits  a  remarkable  diminution  in 
intensity  of  the  orange  and  yellow  colors.  As  the  second  absorption 
bond  is  situatefl  at  the  junction  of  these  colors,  it  will  account  for  a 
part  of  this  diminulion;  but  the  lij^ht  of  the  spectrum  is  also  ix-mark- 
jibly  dim  in  the  space  between  llie  second  ami  lliird  absorption  bands, 
where,  in  the  normal  spectrum,  it  is  at  the  brightest.  This  is  tlie 
place  naturally  occupied  by  pure  yellow,  but  in  the  great  majority  of 
cases,  in  the  spectrum  of  bile,  there  is  no  pui'e  yellow  |ierce]itibk',  and 
but  little  or  no  orange.  The  situation  of  these  two  colors  is  eneroache<l 
upon  by  the  red  and  green  respectively;  nnd  in  not  a  few  instances,  as 
the  spectrum  tenninntes  before  the  commencement  of  the  blue,  the  only 
colors  really  p«'rci'[)tilile  in  it  are  red  and  green.  The  line  C  in  the 
normal  sjicctrum  is  situated  at  the  junction  of  the  red  and  orange,  and 
yet  the  principal  absorption  band  at  this  point,  when  viewed  in  the 
spectrum  of  bile,  nearly  always  appears  to  be  situated  entirely  in  the 
red,  owing  to  this  color  Uiking  the  place  of  tlie  orange  on  the  right  of 
the  line  C.  This  peculiuHty  in  the  spectrum  of  bile  shows  itself,  whetlier 
the  color  of  the  specimen  be  greenish  or  yellowish-brown. 

If  ft  tolerably  thick  lny<'r  of  bile  be  placed  before  the  spectroscope, 
and  the  slit  of  the  instrument  gradually  opened,  the  first  light  which 
appears  in  the  isi)ectnim  is  a  ijret'n  light,  in  tlie  latter  half  of  the  sjiace 
between  I>  and  K.  On  continuing  to  increase  the  size  of  the  opening, 
if  the  bile  be  deeply  colored,  the  next  to  appear  iu  a  rtd  light,  at  the 
extreme  end  of  the  fl|HK!lnim  between  A  nnd  B  ;  in  less  concentrated 
8|K>cimens  the  red  light  may  show  itself  simultaneously  on  both  f^ides  of 
the  absorption  band  at  C.  Afterward  the  green  light  extends  further 
towan:!  the  left  until  the  spectrum  is  complete. 

The  epeetnnu  of  bile,  in  its  most  Important  feature,  namely,  l!ie  ab- 
sortilion  band  at  C",  jtresents  a  remarkable  similnrity  to  that  of  ehloro- 
phjlle.  The  band  at  C  is  identical  in  the  two  spectra  so  far  as  regards 
its  position  and  general  appearance;  the  only  perceptible  difference 
Iwing  that  in  an  alcoholic  solution  of  chlorffphylle  Its  edges  are  more 
sharply  riefined  than  is  usually  the  case  in  the  stiectrum  of  bite.  In 
Other  respects,  however,  the  8|>ectrum  of  chlorophylle  dilfers  from  that 
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of  blip,  since  it  has  throe  addilional  altsorption  l>an<l8  less  di.stinct  than 
at  C,  but  sufficiently  wt'Ii  luurkfd  and  diril-rt'titl}'  aituatetl  tVom  those  of 
bile.  One  of  llu'se  additituiul  Imiidrt  Ih  [jlae«d  at  about  tliiri't'-qtiarlenj 
the  distance  from  C  to  D,  auotlier  a  little  to  the  left  uf  E,  aiid  a  tbiixl, 
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wilier  than  the  othora,  hul  very  faint  anfl  ill-defined,  about  midway 
between  E  and  F.  In  the  spcclnitn  ofcUloroijhylle,  tilso,  notwithstand- 
ing the  Btrontf  absorption  of  light  at  the  sitiiutioii  of  the  principal 
bands,  the  yellow  of  tho  Kpfptrum  appears  in  its  profXT  place  and  with 
nearly  its  natural  bne.  An  ndditi<niid  distinction  of  chlorophylle,  as 
compared  with  that  of  bile,  is  that  its  lisrht  does  not  temiinate  abrnptly, 
but  fades  mutv  t»r  h'»8  gradiinlly  toward  the  refraug^ihlc  I'ml. 

The  bile  exbiliits  a  peculiar  reaotiipu  wlit-n  triated  with  vHric  an'd^ 
owing  to  the  effect  upon  its  coloring  mitttcr.  If  a  moderate  fjuantity 
of  <lilute  nitric  acid  be  added  to  fresh  bile  and  the  mixture  shaken  up, 
the  whole  becomes  of  a  bright  prass-«j;reeiv,  llie  first  eolr>r  produced  by- 
oxidation  of  the  bilirid>ine  and  bilivonline.  liul  if  the  bilt!  be  brought 
in  contact,  in  a  cylindrical  glass  vessel,  with  a  layer  of  strong  nitric 
acid,  especially  if  it  contain  a  trace  of  nitrous  acid,  and  allowetl  to 
remain  without  agitation,  a  series  of  colored  rings  are  producc<i  at  the 
surface  of  ccjiitact  of  the  two  li([uids,  following  each  other  in  a  definite 
ortlcr,  from  the  bile  to  the  nitric  acid,  as  gre«*n,  blue,  violet,  red,  and 
yellow.  These  colors  represent  successive  stages  of  oxidation  and 
final  destruction  of  the  biliary  coloring  matter.  The  test  is  known  fts 
•'Umclin'.'j  bile  test,"  and  may  be  a]>plied  to  other  animul  fluids  in  which 
bilirubinc  or  its  derivatives  are  supposed  t«i  l>e  present. 

Composition  of  the  Bile. — In  its  immediate  comiiosition  the  bile  is 
CBpecially  destingnished  by  the  presence  of  the  two  pi^culiar  biliary  salts, 
namely,  so<lium  glycochobite  and  sodinni  tnuntohctlat^^,  which  have  been 
describerl  in  Chapter  YL,  under  their  appropriate  heads.  It  is  evidently 
these  substances  which  give  to  the  secretion  its  most  important  cliarac- 
lers.  They  vary  in  relative  qunntity  in  the  bilo  of  different  animals, 
and  perhaps  also  in  that  of  (he  snuie  <i|)ecies  at  difb'n-nt  times.  They 
arc  produced,  like  the  coli>nng  matt^^rs,  in  the  snl>staiicc  of  tiie  liver 
Itself,  while  other  ingredients  of  the  secretion,  such  as  the  various  min- 
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eral  salts,  fatty  matters  and  cholesterine,  occur  in  other  parts  of  the 
system,  and  are  su]>p]ied  to  the  liver,  readj  formed,  iit  the  blood.  In 
the  inferior  animala,  Iiile  can  he  oblaiued,  for  ijurposca  of  analysis,  in  a 
state  of  freshness  and  purity,  from  tlie  g;dl-bladiler  of  tliu  recently 
shiuglitcred  animnl ;  bnt  in  man  it  is  usually  more  or  lenA  altered  iu 
character  by  remaining  iu  the  gall-biudder  for  some  hoiira  ntler  <leath. 
It  was  obtaitied  iu  a  case  of  aceideiital  biliary  fi.>4tula  in  the  humtin  nub- 
jeet  by  Jacobsen,  who  I'ouiid  that  the  eiiliix)  solid  ingredients  uniuuuted 
to  ahttut  22.5  parts  i)vr  tbuusand  ;  a  litlle  over  tiui--tliii'd  lunsisting  of 
mineral  salts,  the  remaining  two-thirdH  of  orgnnic  n^atters.  Sotlium 
glycocholate  was  invariably  present,  tlie  tuiiroehoLite  Iteiiig  less  eoii- 
atant;  ami  the  fluid  alwuyw  euntidiied  both  bilirubine  and  biliveiiiiae. 
The  proportions  ol  all  llie  diffi-renl  iugredieutd,  ueenrding  to  tlie  results 
,pf  his  analyses,  were  as  foUow.s: — 

CoMPOflrrioji-  of  Hcman  Bilb,  accordino  to  the  A.valyses  of  Jacoubem. 


Organic 
muiters 


lliuend 
Baits 


lllOO.OO 

In  ox-bile,  as  shown  by  the  previous  analyses  of  Berzclius,  Frerichs, 

and  Lchmnnn,  the  jiroportion  of  both  mineral  and  organic  initrfirn'nt8 

may  be  very  mneli  greater  than  the  above,  tbe  biliary  salts  theuiselvea 

amounting  to  90  parts  per  thousand.     Aceordiiig  to  Robin'  they  may 

^■ttist,  even  in  human  bile,  in  the  proportion  of  56  to  106  per  thousand 

^T)tL 


Water 

.     977.40 

tiodima  fflycocholate  .        .        .        . 

9.94 

<'holes(L'riue       .         .         .         .         . 

0,54 

Free  futa 

O.IO 

Sodium  palmitate  and  stearatc  . 

1.36 

lyi-fithiiic 

0.04 

OthtT  orj^uiiic  matters 

2.26 

riadium  chloride          .         .         .         . 

5.43 

Fotussiiim  chloride    ,        ,        ,        . 

0.28 

Soil  mm  phosphate      .         .         .         . 

1.33 

Lime  phoKplmte          .         .        .        . 

o.:i7 

Sodium  carbonate       .        .        .        . 

0.93 

irts. 


Ttiigfor  the  Biliary  Salts. — In  testing  for  the  existence  of  bile  in 
ilLer  animal  fluids,  a  distitietion  must  be  made  between  those  reactions 
which  indicate  only  the  presence  of  tlie  coloring  matters,  and  thune 
which  are  nppre>piiate  for  the  tietection  of  the  biliftry  salts  projK'r.  The 
opticjil  properties  of  bilirubine  aud  biliverdine,  already  described,  and 
especially  the  colors  jvrorluced  by  the  action  of  nitric  acid,  constitute  a 
test  for  these  coloring  matters  alone.  They  do  not  iuilteate  the  presence 
of  the  most  esjsentval  ingreflients  of  the  secretion,  which  may  be  con- 
lined  in  an  animal  fluid  unaccomj^ani^l  by  the  coloring  matters,  or,  on 
ie  other  band,  may  be  absent  where  the  coloring  matters  are  to  be 


'  Le<;ons  snr  Ics  Humetira.     Paris,  1874,  p.  656. 


found  in  appreciable  quantity.     Other  tests  are  therefore  necessary  in 

invtistigatione  for  the  biliary  salts  proi^er. 

The  ordinary  cLaracters  of  the  biliary  salts  are  that  they  are  soluldc 
in  wuLei'  and  iti  nlisoluLti  alcohol,  and  ini^ahiblc  in  i-thor ;  ami  that  they 
will  gntdually  cry  stall  izt'  in  the  Ibrm  of  radiating  needles,  if  precipitatetl 
from  their  alcoholic  solution  by  the  adilition  of  ether  in  excess.  Fur- 
therniuix',  they  are  both  precijntable  from  their  watery  solutions  by  tbe 
tribaHic  lead  acetate,  while  the  smlium  glyeodiolate  is  also  precipitable 
by  the  neutral  acetate  of  the  same  metal. 

Petleiiko/er's  Tetil. — The  biliary  salts  accordingly,  when  in  consider- 
abli!  quantity,  may  be  recugnizwl  by  tine  above-nametl  proijerties;  but 
wlii-n  pri'sent  in  smaller  proi)ortton3  they  are  to  be  detecteil  by  the 
reaction  known  an  "'  Fellfnlco/er'n  ifaty  This  consists  in  the  production 
of  a  red  color,  changing  to  a  purple  or  violet,  on  the  addition  of  cane 
sugar  and  sulphuric  acid.  The  test  is  applied  in  the  following  way: 
One  part  of  cune  sugar  is  dissolved  in  four  ptirta  of  water.  Of  this 
saccharine  liquid,  one  drop  is  added  to  each  cubic  centimetre  of  the  soia- 
tion  of  biliary  salts.  The  sugar  should  not  fie  used  in  larger  quantity, 
because  it  miyht  in  that  case  give  a  perceptible  brown  tinge  under  tbe 
action  of  sulphuric  acid  and  heat.  The  admixture  of  the  sugar  pro- 
duces no  visible  cimngu  in  the  solution  of  biliary  salts.  On  atlding  a 
few  drops  of  pure  sulphuric  acid,  the  biliary  acids  are  decomposetl,  form- 
ing cholic  aciil.  If  tlie  biliary  salts  were  onginall3'  present  in  tlic  solu 
tion  iu  a  proportion  of  not  more  than  one  part  in  500,  the  fluid  remains 
clear;  if  in  larger  quantity,  the  cholic  acid  is  precipitateil,  forming  a 
whitish  turbidity.  This  turbidity  is  again  cleare<I  up  on  the  continuetl 
addition  of  sulphuric  acid  ;  and  in  the  course  of  a  few  minutes,  a  cherry- 
red  color  appears,  which  ni[iidly  changes  to  a  violet,  and  subsequently, 
if  the  biliary  salts  be  present  in  ihe  proportion  of  one  j)art  in  600,  or 
over,  to  a  deep  rich  purple.  In  very  dilute  solutions,  the  violet  or  purple 
color  wmy  not  be  distinctly  visible  before  the  end  of  an  hour. 

The  precautions  necessary  to  observe  in  using  this  test  are  as  follows; 
First,  the  liquid  to  Iw  examined  should  be  free  from  other  organic  sub- 
stances, particularly  allmminous  and  coloring  matters,  which  might 
themselves  cause  discoloration  of  the  mixture.  For  this  purpose,  the 
suspected  fitiid  should  always  be  first  evaporatetl  to  dryness,  the  dry 
residue  extracted  with  absolute  alcohol,  the  alcoholic  solution  decolorized, 
if  necessary,  with  animal  charcoal,  then  precipitatetl  with  ether  in  excess, 
and  the  ether  precipitate  finally  dissolved  in  water.  This  gives  a  clear, 
colorless  solntion,  free  from  other  organic  contamination.  Secondly, 
as  the  liquid  becom<-s  healed  by  the  lilxTal  admixture  of  8ulj)hnric  acid 
with  the  w.'vtery  solution,  its  temperature  should  not  be  allowed  to  rise 
above  70°  (1-'»8*^F.)  nor  to  fall  innch  lielow  this  point.  The  test-tube 
may  therefore  1m?  cooled  by  pccaaionally  moistening  it  in  cold  water. 
Thirdly,  t'lo  athlilioii  of  the  suljdiuric  acid  should  be  made  slowly,  and 
should  be  stopped  as  soon  as  a  red  tint  begins  to  show  itself,  the  mix- 
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bejiig  allowed  to  remain  at  rest  until  the  violet  ami  purple  colors 


are  developed. 


m1,  violet. 


nqjlc 


lere  are  various  other  substances  wLich  yieM 
color,  when  treated  with  sugiir  iiiiil  sulphuric  acid.  Among  these  are 
oleine,  oleic  ai-itl,  ethereal  oil,  aiuyl-Jilcohol,  silbuminous  matters  and  tlie 
salta  of  morphine  and  codeine.  Albumen  of  the  blood,  white  of  egg, 
and  the  opium  ?illialoids  in  the  proportion  of  ten  parts  per  thousand,  if 
treated  with  rt-ttt-nkofer's  test,  ail  produce  a  color  undistingiiishable 
from  that  obtaiiKnt  with  Die  biliary  salts.  Tlm-se  substances,  however, 
with  the  exception  of  moii»liine,  may  all  be  excludiH:!  by  prt-viously 
treating  the  fluid  as  above  described  ;  namely,  evaporating  to  dryness, 
extracting  with  alcohol,  precipil:iting  with  ether,  and  dissolving  the 
precipitate  in  water.  The  salts  of  morphine  might  still  remain,  as  they 
are  soluble  l)oth  in  water  and  in  alcohol,  and  may  be  precipitated  by 
ether  from  their  alcoholic  solution.     This  subst.nnce,  however,  is  very 

ulikely  to  be  present  in  an  extract  of  the  animal  fluids,  esiwcially  in 
||ie  proportion  of  ten  parla  jx^r  thousand. 

Pettenkofer's  test  ia  a  veiy  delicate  one  for  either  or  both  of  the 
Mliary  salts.  A  watery  solution  of  pure  sodium  giycocholate,  made  in 
the  proportion  of  1  part  to  2000,  yields,  at  the  en<l  of  fifleeji  minutes,  a 
clear  violet  pink  color,  if  the  test  be  applied  with  care;  and  a  solution 
of  sodium  taurocholate,  in  the  proportion  of  1  part  to  3000,  will  give  a 
similar  color  at  the  end  of  an  hour.     The  general  characters  of  the  test 

re  the  same  in  both  cases,  as  the  reactitm  is  really  produced  by  cholio 

rid,  derive<l  from  the  decomposition  of  either  the  glycocholiu  or  tauio- 

lolic  acid  of  the  original  biliary  salts. 


Red    Or.  Yel.  Green     Blue 


Violet 


Spkctbcm  or  PBTTK!tKOrKB*S  Tkbt,  with  the  QiUftrjr  Salta  Id  waters'  solution. 


The  gpectrum  of  Pettcnkofer's  test  presents  certain  characters  which 
nay  be  of  service  in  distinguishing  it  from  the  reactions  produced  by 
7»cher  organic  substances.  Jf  either  or  both  of  the  biliary  salts,  dis- 
solved in  water,  be  treated  with  sugar  and  sulphuric  acid  until  a  violet 
or  porple  color  is  produce<l,  and  the  colored  fluirl  then  placed  before  the 
allt  of  the  spectroscope,  its  spectrum  shows  a  wide  and  dark  absorption 
buid  at  E,  extending  usually  from  midway  between  P  and  E  to  a 
quarter  part  the  distance  between  £  and  F,  the  central  parts  of  the 
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band  heing  darker  than  tlic  edges.  Beyond  the  absorption  oand,  \be 
light  of  the  ftpeotrura  is  dim,  fading  gradually  ajid  terminating  aorne^j 
where  about  the  line  G. 

When  the  pnrjde  color  prwluced  by  Pettenkofer's  test  with  the  bilia 
salts  is  very  pronounced,  it  is  usually  found  that  the  fluid  is  ullogelln 
too  oj>a)jue  for  speetroseopic  examhiiition,  even  in  a  layer  of  only  o 
centimetre.  Uiit  if  it  be  diluted  with  water,  it  becomes  turbid,  owi 
to  a  re-preciiiitation  of  choiie  acid,  and  the  purple  color  disappca 
This  flifliculty,  however,  may  be  obviated  by  nsing  a  aohition  of  the 
biliary  Baits  which  is  sufflcieiitly  dilute  in  the  first  instance.  If  sodium 
glycocholate  be  dissolvcl  in  water,  in  the  proportion  of  1  part  to  500, 
the  solution  trcjited  with  Pettenkofer's  test,  it  gives  in  a  few  moraenl 
a  clear  violet-pink  color,  which  afterward  becomes  a  rich  purple.  T 
fluid  is  so  opiujiie  that,  when  placed  before  the  »lit  <if  the  spectroscope 
in  a  layer  of  one  centimetre,  it  extinguishes  completely  everything  but 
the  red;  and  yet  it  may  be  diluted  with  water  without  showing  any  tur- 
bidity or  lositiij  ita  color.  A  walcry  souttion  of  this  strength  is  ampi 
sufficient  to  exhibit  the  reaction  of  Petteukofer's  teat  and  the  spect 
Bcopic  appearance^  belonging  to  it.  If  any  solution,  therefore,  of  the 
biliary  salts  sluiuld  prove,  on  trial,  too  opaque  for  spectroscopic  exao^H 
ination  when  treated  by  Pcttenkofer's  test,  another  portion  «if  it  may  h|^l 
diluted,  before  ajiplying  the  test,  until  it  is  reduced  to  about  the 
strength  of  1  part  to  500.  Even  when  a  slrongly  colored  purple  fluid 
has  been  rendered  turbid  and  decolorized  by  the  addition  of  water,  its 
transparency  and  color  may  be  again  restoreti  by  the  addition  of  sul- 
phuric acid;  but  this  method  Ih  less  convenient  than  the  tbrmer. 

Fig.  72. 
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SmoTHVM  or  pKTTKif  KorsR's  TxBT,  with  tbc  BUlarjr  !»aU*  In  Hicotiolic  tolutkoa. 


If  Petlenkofer's  test  be  applied  to  the  biliarj-  salts  in  alcoholic  solu- 
tion, its  spectrum  is  modifiel  Tlicre  are  now  two  absorption  bands 
instead  of  one.  The  first  is  aitnatetl  at  E^  and  is  identical  with  that 
obtained  in  a  watery  solution  of  the  same  salts.  The  second  is  at  F. 
and  usually  rather  narrower  and  fainter  than  tiie  first,  although  some- 
times the  two  bands  are  of  equal  intensity. 

The  pink  or  purplish-red  fluid,  produced  by  Pettenkofer'B  test ' 
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both  codeine  and  morphine,  haa  a  spectrum  very  similar  to  that  of  tho 
biliary  salts.  If  tht;  ruddy  color  of  tlie  flttid  be  slrorigly  luououuced, 
its  sijeelrum,  even  when  viewed  in  a  layer  of  one  ceiitiuietie,  is  very 
short,  tenninating  comijletely  alx>ut  midway  betwt^n  I)  and  K,  or  even 
before  that  point,  showing  the  n.nl  atid  yellow  dear  and  bright,  l>ut  very 
little  of  the  green.  If  chluted  with  water,  the  mixture  is  not  renderetl 
turliiil,  but  its  color  ia  very  much  retlueed,  being  soon  ehaugetl  to  a 
faiat  amber  or  often  to  a  light  apple-green,  while  the  former  puciUiiiri- 
tiea  of  the  speetrum  di8ap|>ear.  The  best  way  is  to  place  the  fluid 
hefure  the  slit  of  the  spectroscope  in  a  layer  of  two  cenUimetres  iiefore 
its  color  is  fully  developed,  ami  while  it  id  sttU  of  a  light  pink.  The 
color  then  gnidually  becomes  more  pronounced,  and,  when  it  has  at- 
taiae<l  the  proper  degree  of  strength,  the  spectrum  exhibits  a  certain 
though  ill-defined  absorption-baml  at  E.  Beyond  the  band,  the  whole 
spectrum  is  very  dint,  and  terininates  gradually  between  F  and  G. 

The  distinction  between  the  si^ectrum  of  Putteukofer's  test  with 
biliary  salts  and  tliut  with  the  opium  alkaloids  is,  that  in  the  former 
case  the  ab8or|)tion-baiid  at  E  is  very  marked  and  distiuct,  and  often 
quite  black,  when  viewed  in  a  layer  of  two  ocntimetres'  thickness,  while 
in  the  latter  it  is  always  dim  and  very  ill-tlelhieil.  With  the  biliary 
BaltM,  also,  the  fluid  may  freiiuently  be  diluted  with  its  own  or  even 
twice  its  volume  of  water,  aud  the  absorption-band  still  remain  plainly 
visible;  but  with  morphine  or  codeine  a  very  moderate  dilution  rapidly 
destroys  the  character  of  the  spectruui  aud  cauaea  the  absorption-band 
to  disappear. 

Pig.  73. 


Red     Or    Yel    GreVn     Blue       Indioo        X'iolet 


Spbctrcx  or  Pkttek  kofkh's  Tbbt,  with  albumen. 


The  A-iolet-colored  fluid  pro«luce<l  by  Pettenkofer's  test  with  albtimen 
haa  a  well-marked  and  peculiar  B|Hjctrum,  ensilj'  distinguishable  frum 
that  belonging  to  the  biliary  Baits.  Jf  tolerably  dense,  it  requires  to  be 
dilutee!  with  water  for  spectroscopic  examination,  and  nftenvard  cleared 
np  by  the  further  addition  of  sulphuric  acid.  Tlie  spectrum  then,  shows 
a  feingle  absorption-band,  extending  from  somewhere  about  the  line  E 
to  the  line  P\  and  occupying  the  intermediate  space.  In  concentrate<l 
specimens  it  may  begin  coii<»idorably  lo  the  left  of  K,  and  extend  thence 
to  F.     If  the  albumluoua  liquid  be  more  dilute,  it  may  reach  only  from 
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a  sliort  distance  beyond  E  to  F.  It  is,  therefore,  always  limited  on  the] 
right  by  the  line  F,  but  extends  fiirtlier  toward  E  and  D,  according  to 
tlie  degree  of  concentration  of  tlie  li(iui<l.  It8  edges  are  not  very  well 
defined,  but  are  inoru  diMtinct  when  the  band  is  narrow  than  when  it  ia 
wide.  Beyond  the  band,  the  refrangible  portion  of  the  apectrum  is 
quite  dira. 

Mode  of  SecreAion  of  the  Bile, — It  ia  a  matter  of  importance,  in 
regard  to  the  bile,  as  well  as  tho  other  intestinal  fluids,  to  ascertain 
whether  it  be  a  conntanl  secretion,  like  the  urine  and  perspiration,  or 
whfther  it  be  inlermiUenty  like  the  gastric  juice,  ami  discharged  only 
during  the  digestive  process.  Bidder  and  Schmidt  have  investigated 
this  [loiut  in  the  following  manner  :  They  operated  by  tying  the  eominon 
bile-ttuet,  iiud  then  opening  the  fundus  of  the  gall-bladder,  so  as  to  pro- 
duce a  biliary  IJstula,  by  which  the  whole  of  the  bile  was  drawn  off. 
ISy  doing  this  operation,  and  collecting  and  weighing  the  fluid  dischargeil 
at  dilierent  periods,  they  c:imc  to  the  eonclusioii  that  tlie  flow  of  bile 
begins  to  increase  within  two  and  a  hidf  hours  after  the  intrwluction  of 
food  into  the  stomach,  but  that  it  does  not  reach  its  maximum  of  activity 
till  IJje  end  of  twelve  or  fifteen  hours.  Other  observers,  however,  have 
obtained  different  results.  Arnold,'  for  example,  found  the  quantity  to 
be  largest  soon  after  meals,  decreasing  again  after  the  fourth  hour. 
KollikiT  and  Miiller,*  again  found  it  largest  between  the  sixth  and 
eighth  hours.  It  apjiears,  accordingly,  that  lite  bile  is  nnt  an  intermittent 
but  ft  coostant  si.*ciction;  and  that  the  quantity  produced  varies  with 
the  contlition  of  the  digestive  process,  being,  according  to  the  majority 
of  observers,  most  abundant  some  time  after  the  digestion  and  absorp- 
tion of  food  have  commenced  in  the  intestinal  canal. 

Discharge  of  Bile  into  the  Jnd'slinal  Canal. — As,  in  those  animals 
which  have  been  the  subject  of  experiment,  the  liver  is  provided  with  a 
g.'ill-lihidder,  in  which  the  secretion  may  be  p.artially  accumulated  after 
its  proiluction,  and  from  which  it  may  find  its  way  at  regulator  irregular 
intervals  into  the  alimentary  canal,  it  becomes  im[iortanL  to  ascertain 
by  other  Dieans  at  what  time  and  in  what  quantity  it  is  really  discharged 
into  the  intestine.  In  order  to  deteriniiie  this  point,  we  have  performed 
the  following  scries  of  experiments  on  dogs.  The  animals  were  kept 
confined,  and  killed  at  various  periods  after  feeding,  sometimes  hy  the 
intjculation  of  wooraia,  sometiines  bj'  hydrocyanic  acid,  but  most  fre- 
quently by  section  of  the  medulla  oblongata.  The  contents  of  the 
intestine  were  then  collected  and  examined.  In  all  instances,  the  bile 
was  also  taken  from"  the  gall-bladder  and  treated  in  the  same  way,  for 
purposes  of  comparison.  Tlie  intestinal  contents  always  presentefl  surae 
peculiarities  of  appearance  when  treated  with  alcohol  and  ether,  owing 
probably  to  the  presence  of  other  substances  than  the  bile ;  but  they 
aiwaj's  gave  evidence  of  the  presence  of  biliary  matters  as  well.     The 

'  Cited  in  the  American  Journal  nftbc  Medical  Sciences,  April,  1656. 
«  Ibid..  April,  1351. 
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biliary  sabstances  could  utmost 

always  be  recognize*!  by  ihe 

luicroBcope  in  tUc  etUtT  preci- 
pitate uf  tl»e  alculwlio  suhitiou ; 

both    Its    a    resinuus    ju»tU;r, 

under   the    form    of  rouiidetl, 

oily-looking  clropa  (Fig.  74), 

and   also  under   the  fonn  of 

crystalline    groups,    generally 

presenting  the  np|)canuice  of 

ilouble     bundles     of    slender, 

radiating,  slightly  curved    or 

wavy,  needle-shaped  cryslnls. 

These  substances,  dissolved  in 
'  Water,  gave  a  purple  color  with 

sugar     and     sulphuric     acid. 

These  exiK-rimt-nts  were  tried 

after  the  animals  had  In^en  kept 

for  one,  two,  three,    Ave,  six, 

•even,  eight,  and  twelve  days  without  food.     The  result  showed  that, 

in  all  these  instiincea,  bile  was  present  in  the  small  intestine.     The  bile, 

therefore,  is  not  only  constantly  secreted  by  the  liver  in  the  iuterviils 

of  digestion,  as  well  na  during  that 

process,  but  it  also  continues  to  be 

discharged  into  the  intcHtiiie  for 

many  days  after  the  animal  has 

l»een  deprived  of  food. 

But  the  quantity  of  bile  passing 

into  the  intestine  within  a  given 

time  is  greatest  soon  aft^r  the  com- 
mencement of  digestion.  Our  own 
^^ex{>crinients  hearing  on  this  point 
^H^ere  jHjrformed  on  dogs,  by  inak- 
^■ing  a  [permanent  diiodennl  fistula, 
^™  on  the  same  plan  as  thid  used  for 

gastric  fist ulae  (Fig.  75).  An  inci- 
sion was  made  through  thcalxlomi- 

nal  walls,  a  short  distance  to  the 

right  of  the  medrun  line,  the  floating 

]V)rtion  of  the  duodenum  drawn  up 

towanl  the  external  wound,  opened 

by  a  lotigitudinul  infision,  and  a 

silver  tube,  arme<l  at  each  end  with 

a  narrow  projecting  flange,  inserted 

into   it    by  one   extremity,  alwut 

fourteen    centimetres     below    the 

tylorus,    and    seven    centimetres 
15 


218 


TH£    BILE. 


below  the  orifice  of  iLe  lower  pancreatic  duct.  The  other  extrenuty  of 
the  tube  was  left  piojecling  from  the  fxtt-nia!  iijwniiig  in  the  abilo- 
iniual  parities,  the  parts  secured  Li^'  sutures,  aiid  the  wouucl  allowed  to 
heal.  iVfler  ciealrizution  wqb  complete,  and  the  animal  bad  entirely 
rcc-overod  hi»  heullliy  condition  an<l  appetite,  the  inte^^tinal  Quids 
were  ilrawn  oH  at  various  iulervais  after  feeding,  and  their  contenta 
examiued-  This  operation,  which  is  Jalhei  mure  dillieult  thnn  that  of 
making  a  permanent  guj^tric  fistula,  is  nevertheless  exceetlitigly  useful 
wheu  it  suceeetis,  since  it  enables  us  to  study  the  actual  time  and  rate 
of  the  biliary  discliargu  into  the  upfier  psirt  of  the  intesliital  canal. 

In  order  to  ascertain  the  absolute  quantity  of  bile  diseharge<l  into  the 
intestine,  and  its  variations  during  digestion,  the  duoden:d  fluids  were 
drawti  ort',  for  fifteen  ni.inules  at  a  tiuje,  at  various  |)erio<l8  after  feeding, 
collected,  weighed,  and  exaniiued  separately,  as  follows:  each  separate 
quantity  was  evaporated  to  dryness,  its  dry  residue  extracted  with 
absolute  alcohol,  the  alcoholic  solution  precipitated  with  ether,  and  the 
ether-precipitate,  regarded  as  representing  the  amount  of  biliary  salts 
present,  dried,  weighed,  and  then  treated  with  Pettenkofer's  test,  in 
order  to  deteimine,  as  nearly  as  possible,  their  degree  <»f  purity  or  ad- 
mixture. The  result  of  these  experiments  is  given  in  the  following 
table.  At  the  eighteenth  hour  so  small  a  quantity  of  fluid  was  obtained 
that  the  amount  of  its  biliary  ingrerlients  was  not  ascertained.  It 
reacted  perfectly,  however,  with  Petteukofer's  test,  showing  that  bile 
was  reidly  present. 

DiBCHABOR  or  Intestinal  and  Biliahy  Futids  from  Duodknal  Fistcla  ik  a 

I>OG   WeIGHIKG    16.5   XlUKIRAMYRfl. 


Time  after  flail- 

tiuaiitJtyof flulJ 
lu  Ifi  minute*. 

I>ry  midaeorthe 

QuftnHty  of  blll- 

ProtK)rtlonoft>lli. 

ing. 

■sme. 

krjr  MlU. 

nry  iiilta  la  tKe 
dry  residue. 

(Orftinmci.) 

(OrniDmei.) 

(QrnmmPi.) 

(Per  l^etlt.J 

Imniediiitely. 

41.467 

2.138 

(V.C4H 

30 

1  heur. 

12R.9:i6 

6.ftfV3 

0.2.')9 

3 

3  boars. 

.^n..=.37 

3.887 

0.259 

7 

6     " 

48..'>94 

4.729 

0.227 

5 

9     " 

5.1.721 

.lO.'i.l 

0.291 

6 

12      " 

21.057 

1.490 

0.243 

16 

1ft      " 

22.482 

1.166 

0.259 

22 

18     " 







_- 

21      " 

24.880 

0.712 

0.064 

9 

24     " 

ll)..1fil 

0.615 

0.210 

34 

25      " 

9.183 

0.324 

0.194 

60 

From  this  it  appears  that  tlje  bile  passes  into  the  duodenum  in  by  far 
the  largest  ()Uftntity  iuuuciliately  after  feeding.  This  is  undoubtedly 
due  to  a  CfUilraction  of  the  galbbladder  and  a  discharge  of  the  surplus 
bile  accntmdated  in  it  during  the  interval  of  digestion.  It  is  a  matter 
of  common  observation  that  the  gall-bladder,  in  animals  killed  after  a 
da^'  or  two  of  fasting,  is  distendeil  with  an  unusual  quantity  of  thick 
and  dark-looking  bile;  while  in  those  killed  immediately  or  soon  after 


fettling,  it  is  coTnpnrntivoly  collapsed  nml  pmply.  This  ovacnation  of 
the  gall-bla<l(k'r,  excited  by  the  ingestion  of  food,  paiiHcs  a  sudden  flow 
of  bile  into  the  tluotleniim.  After  that  time,  its  discharge  reniiiiiis  pretty 
constant ;  not  varying  tuuch,  in  a  dog  of  nixtt'en  and  a  half  kilogiamraea' 
M'tfight,  from  256  miHigrammes  of  the  biliary  salts  every  fifteen  minutes, 
or  a  little  over  one  grainiue  per  hour.  In  a  man  of  ordinary  size  (f!5 
kilogrammes),  if  tlie  quantity  of  bile  were  inereased  in  proportion,  this 
would  amount  to  8.667  grammes  of  solid  biliary  matter  per  hour  dis- 
charged into  the  intestine  during  the  greater  partuf  the  digestive  process. 

Daily  Qttanlily  of  llif  Bile. — The  first  experiments  of  value  n])on  this 
point  were  those  of  Bidder  and  Sehmirlt,  published  in  IS.'i'i.'  Tliey  were 
perlormed  up«3n  dogs,  cats,  sheep,  and  rabbits,  in  the  following  manner: 
The  abdomen  was  opened,  and  a  ligature  placed  upon  the  common 
biliary  duct,  so  as  to  prevent  the  bile  fincling  its  way  into  the  intestine. 
An  opening  was  then  made  in  the  fundus  <if  the  gall-bladder,  by  whif'h 
the  bile  was  discharged  externally.  The  bile,  so  diseharged,  was  reeeive<l 
into  previously  weighed  vessels,  and  its  quantity  aeeurately  determined. 
Each  ohservalinn  usunliy  tjccupied  about  two  hours,  during  whieh  period 
the  temporary  flucltiatiotis  oeeasionally  observabki  iu  the  quantity  of 
"bile  discharged  were  mutually  corrected,  so  far  as  the  entire  result  was 
concerned.  The  animal  was  then  killed,  weighed,  and  carefully  ex- 
amined, in  order  to  make  sure  that  the  biliary  duet  bad  bcn-n  securely 
tied,  and  tliat  no  inflammatory  alteration  had  taken  place  in  ttie  al>- 
dominal  organs.  The  obser\-ations  were  made  at  diHcn.'nt  periwls  after 
the  last  meal,  so  as  to  determine  the  influence  exerted  by  the  digestive 
process  ui>on  the  rapidity  of  the  secretion.  The  average  quauiity  of 
bile  for  twenty-four  hours  wsis  then  calculated  from  a  comparison  of  the 
above  results;  nnd  the  quantity  of  its  solid  ingredients  was  also  ascer- 
tained in  each  instance  by  evaporating  a  portion  of  the  bile  in  the  water 
bath,  and  weighing  the  dry  residue. 

Bidder  and  Schmidt  fourul  iu  this  way  that  the  daily  quantity  of  bile 
varied  considerably  in  ditferent  species  of  animals-  It  was  much  greater 
in  the  herbivorous  animals  used  for  experiment  than  iu  the  caraivora. 
The  results  obtained  by  these  observers  were  as  follows: 

For  every  kilogramme  of  the  entire  bodily  weight  of  the  animal,  there 
is  secreted,  in  twenty-four  hours, 

Freih  bllo.  Dry  rMidue. 

In  the  cat      .        .        .        14.537  gmmmoB.    0.816  grammes. 
"       dog      .        .        .        ig-OJifi        "  0.9t(5 

"       sheep  .         .  23.372         "  1.340 

"      rabbit .  .      13(;.556        "  2.464        " 

According  to  the  later  researches  of  Schitf,*  these  estimates  are  cer- 
tainly not  beyond  the  truth,  since  he  obtaiiu"d  considerably  larger 
quantities  in  the  dog,  l»y  simply  establishing  an  ojm?u  fistula  of  the  gall- 


Verdauntiffssaefte  nnd  StofTwechsel.     I/eipzi|Br.  1852. 
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Iihitlcler,  wilhont  tying  the  common  biliary  duct.  While  the  arerage 
quantity  obtiiine<i  in  Bitidcr  and  Sclrmidt's  t'Si»frlments  on  the  dog  was 
U.83i3  grammes  of  t'rc.sb  bile  ptr  hour  for  every  kilogramme  of  bodily 
weight,  in  tLioee  of  Schid'  it  was  1.3  to  3.2  grammesi  per  kilogramme  per 
hour. 

^NJnee  in  the  biimnn  subject  the  processes  of  digestion  and  nutrition 
resemlile  those  of  the  camivora,  rather  than  thosie  of  the  lierbivora,  the 
former  should  ix-  selecteti  to  *erve  an  a  term  of  eompsiribon  in  entimating 
the  jjiobalile  daily  mumtity  of  tiie  l»ile  in  man.  If  we  apply  aeeoniin^y 
to  till-  human  suliject  ibe  average  of  the  rettultsi  obtinne<l  by  Bidder  and 
(Seliiiiidt  from  the  eat  iind  dog,  tlie  entire  quantity  of  bile,  for  a  man 
weighirtg  fi5  ki)r>gr»mmeB,  would  l>e  a  little  over  1100  grammes  per  day. 
Kanke'  obtaiiietl  from  direct  observation  a  result  not  essentially  different 
fiom  this,  lie  eulleeted  at  various!  times  the  bile  discharged  in  a  ca^e 
of  liiliaiy  rtstdla  in  u  man  weigiiing  imly  47  kilogr:\mroe»,  and  found  the 
BAerage  jjuaiitity  for  tweuty-foiir  hours  tt>  be  t;52  grammes;  tl»e  max> 
imiim  quantity  for  the  same  period  bi'ing  945  giammes.  In  a  man  of 
(i.T  kilogrammes'  weight  this  woiibl  correspond,  for  the  average,  lo  902 
grammen,  and  for  the  maximum  lo  \'Hil  gniuimes.  The  entire  quantity 
of  liile,  therefore,  for  a  wan  of  me<Iiiim  size,  is  evidently  not  far  from 
1 OOU  grammeii  per  day.  This  coutuius  about  30  grammes  of  solid  ingre- 
dients, 

litcompoeilion  of  the  Biliary  Moiter*  in  the  Intestine. — Observcra 
generally  are  agree<l  that  the  biliary  salts,  though  coastantly  poured 
into  the  iip|ier  part  of  tlje  intestinal  canal,  ari!  not  diseharged  with  lh« 
feces.  Although  traces  of  ihcm  are  sometimes  to  be  found  iu  the  evacua- 
tions, they  are  always  very  far  from  represi-nting  the  tolid  qiiauLity  pro- 
dueetl  by  the  liver,  and  as  a  general  rule  tliey  disapfiear  altogettter  in 
their  passage  through  the  intt^tine.  This  may  be  readily  demonstrateil 
l»y  experiments  upon  <Utgs,  whirh  arc  conducted  in  the  following  man- 
ner. The  animals  are  to  Ihj  fe<i  with  fresh  meat,  and  then  killed  at 
various  intervals  after  the  meals,  tbe  abdomen  openetl,  ligatures  placcil 
upon  the  intestine  at  various  points,  and  the  contents  of  its  upper, 
niidille,  and  towt-r  portions  collected  and  examined  separately.  The 
results  thus  obtiuntMl  show  that,  umler  ordinary  eircumstances,  the  bile, 
which  is  qnit<'  abundant  in  the  dno<ienum  and  upfver  part  of  the  small 
intestine,  diminishes  in  ijuantity  from  above  downward,  and  is  not  to  be 
found  in  the  hirge  int^tstine.  Th*;  entire  qnantity  of  the  intestinal  con- 
tents also  iliminishes  and  their  consistency  incrvases,  as  we  approach 
the  ileo-csecfil  valve;  and  at  the  same  time  their  color  changes  from  a 
light  yellow  to  a  dark  bronze  or  blackish-green,  which  is  always  strongly 
I)ronuiim-ed  in  the  last  quarter  of  the  small  intestiue. 

If  the  contents  of  the  small  and  large  intestine  be  furthermore  erapo- 
rated  to  dryness,  extractetl  with  absolute  alcohol,  and  the  alcoholic  solu- 
tions  precipitated  with  ether,  tlio  quantity  of  ether-precipitate  being 

*  tirundzUgc  dcr  Pliystologio  dcs  Menschea.    Leipzig,  1872,  p.  264. 
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regardetl  as  representing  approximately  that  of  the  biliary  substances 
proper,  the  re«ult  shows  that  the  quantity  of  etlier-precipitate  is,  both 
)i)>eitively  and  relatively,  vury  tuuch  less  in  the  large  intestine  tlian  iu 
the  small.  Its  projMjrtion  to  the  entire  solid  contents  is  only  tme-hfth 
or  one-eixth  as  great  in  the  large  inteatinc  as  it  is  in  the  Bmoll.  But 
even  tliis  inconsiderable  qtiaiitity,  founil  in  the  conteula  of  tlie  large 
intestine,  does  not  consist  of  biliary  matters;  for,  tlie  watery  solutions 
being  treated  with  sugar  and  snlpluiric  acid,  tliose  from  both  tlie  iifjper 
and  lower  portions  of  llie  small  intestine  always  give  Pettvnkofer's  ruac- 
tion  perfectly  in  less  than  a  minute  and  a  half;  while  in  that  from  the 
large  intestine  no  red  or  purple  color  is  usually  produced,  oven  at  the 
end  of  three  hours. 

The  small  intestine  consequently  contains,  at  all  times,  substances 
presenting  the  usual  reactions  of  the  biliary  ingredients ;  while  in  the 
contents  of  the  large  intestine  no  such  substajices  can  be  recognized  by 
Pettenkofer's  test. 

It  is  not  possible  to  say,  however,  what  is  the  ]>rei'ise  nature  of  the 
changes  undergone  by  the  biliary  salts  in  the  intestinal  canal.  The  sup- 
jHAsed  decomjwsition  of  these  salts  by  contact  with  the  acid  secretions 
of  the  alimentary  canal,  and  the  separation  of  the  glycine,  taui-iue,  and 
cholio  acid  of  their  organic  ingredients,  with  their  subwquent  tnmsfor- 
mntions,  are  all  more  or  less  hy|)othetical,  nntl  without  sufUcient  basis  of 
ex|)erimental  evidence.  The  biliary  matters  in  the  intestine  pass,  by 
tlecomposition  or  metamorphosis,  into  the  condition  of  other  unknown 
substances  which  do  not  respond  to  Pettenkofer's  test. 

Physiological  Funclion  and  Destination  of  the  Bile. — The  physio- 
logical function  of  the  bile  is  still  very  obscure.  With  reganl  to  its 
action  in  the  digestive  process,  we  may  say  that  nothing  whatever  is  yet 
known  which  can  account  for  the  constant  presence  of  so  imjKjrtant  and 
peculiar  a  secretion.  liy  itself,  in  experiments  on  arti(ici:U  digestion,  it 
does  not  exhiljitany  direct  action  n|>on  either  of  the  principal  alimentary 
SJibstanccs,  of  such  a  dt-fiuite  character  as  those  which  liclong  to  the  gas- 
tric, pancreatic,  and  intestinal  juices ;  its  action  being  limited  to  simple 
solution  of  a  certain  proportion  of  6ily  matter,  and  to  a  feeble  and  iucon- 
Btant  transfoiTiiing  power  iiiioii  hydratcd  starch.  Two  ol her  actions  have 
also  been  atlrilnitetl  to  it,  from  certain  proijcrties  which  observation  , 
shows  it  to  possess;  namely,  first,  that  of  exciting  the  secretions  and 
f>eristaltic  movement  of  the  intestine  and  thus  serving  as  a  natural 
cathartic,  and  secomlly,  that  of  facilitating  the  absorption  of  oily  matters 
by  the  intestinal  mneous  membrane.  But  although  the  bile  is  found,  when 
applied  to  the  muscular  coat  of  the  intestine,  to  excite  its  contraction, 
and  similar  effects  are  thought  to  have  been  seen  even  iu  the  villi,  yot 
the  alimentary  canal  is  known  to  be  naturally  excited  to  action  by  the 
ingestion  of  food,  or  its  downward  passage  from  other  |>arts;  and  tliere 
is  nothing  to  show  that  the  intestine,  below  the  oritice  of  the  biliary 
duct,  shouhl  require  any  jieculiar  or  exceptional  stimulus  for  the  excite- 
ment of  its  normal  actions.     It  is  true,  in  the  second  place,  that  the  bile 
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lias  been  shown,  Uy  direct  experiment,  to  fncilitate  the  passage  of  oily 
matters  by  osmosis  tli rough  elosefl  orgnnio  iiiembraiiOH  or  purcliment 
paper;  that  is,  oily  uiattera  will  piujs  tlirougli  these  membranes  more 
reatlily  when  they  are  moistened  with  bile,  than  when  simply  wctte«l 
with  water;  nnd  it  is  ujiou  these  experiments  that  the  supposed  func- 
tion of  the  bile,  in  effecting  tlie  absorption  of  oil  in  the  intestine,  has 
been  basetl,  But  the  \ilH  of  the  intestine  are  uut  Himpty  membranes 
moistened  with  water.  They  are  jtenetrated  lliroughout  by  alkaline  and 
albumiiioUH  lluids,  their  bloodvessels  eontain  an  alninclanee  of  organic 
material  in  the  liqui<l  form,  and  the  Intty  emulsion  formed  by  ihe  pan- 
creatic juice  is  itself  fully  adajitetl  for  absorption  by  the  villi.  There 
seems  to  be  no  goml  reason  for  assigning  to  the  physical  propertiea  of 
the  bile,  in  this  respect,  any  special  ini|iortauoe  for  the  absorption  of 
fatty  substances. 

An  action  of  quite  the  opposite  natinv  lias  also  been  nitributed  to  the 
bile,  uamety  that  of  preci])iLatiug  the  half-digested  ingredients  of  the 
foo4l  from  their  solution  in  the  gastric  juice.  But  there  is  reason  to 
believ^e  that  this  also  rests  upon  an  error,  and  that  tlieie  is  no  such 
antagonism  between  the  bile  anci  the  gjistrtc  juice  in  the  intestine  as 
when  they  are  mingled  together  in  a  test-tulje. 

It  has  already  been  stated  (page  159)  ihiit  the  bile  precipitates  bj' con- 
tact with  the  gastric  juice.  If  one  or  two  drops  of  dog's  bile  l>e  added 
to  as  many  cvibic  centimetres  of  fresh  gastric  juice  from  the  same  ani- 
mal, a  cojuous  yellowish-white  precipitate  falls  tlown,  containing  the 
•whole  of  the  coloriug  matter  of  the  bile  which  has  been  added;  and  if 
the  mixture  be  theu  filtered,  the  filtered  fluid  [lasses  through  quite  color- 
less. The  gastiic  juice,  however,  still  rctnins  its  acid  reaction.  This 
prccijntation  depends  iq)on  the  presence  of  the  biliary  substances  proper, 
namely,  t!ie  sodium  glycocholate  and  taurochohvte ;  for  if  the  bile  be 
evaporated  to  ilryness  and  the  biliary  substances  extractcil  by  alcohol 
and  prccipitat^'d  by  ether  in  the  usual  manner,  their  watery  solution  will 
precipitate  with  gasUic  juice,  in  the  same  way  as  fVesh  bile  would  do. 
/  Although  the  biliary  matters,  however,  precipitate  by  contact  with 
\  fi'esh  gastric  juice,  //u'y  do  not  do  so  with  gasln'c  Juice  winch  holds  albn 
(  minoxe  in  mlution.  We  have  invariably  foutul  lliat  if  the  gastric  juice 
be  digested  for  several  hours  at  the  ]iriipcr  temperature  with  boiled 
vhite  of  egg,  the  filtered  fluid,  which  contains  an  abundance  of  albu- 
minose,  will  no  longer  give  the  slightest  preci])itate  on  the  addition  of 
bile  or  of  a  watery  solution  of  the  biliary  siibstiinees,  even  in  very  large 
amount.  The  gastric  juice  and  the  bile,  theivfore,  arc  not  finally  incom- 
patible with  each  otiier  in  the  digestive  process,  notwithstanding  the 
reaction  which  takes  place  Ix'tween  them  when  nrtificially  mingled. 

Although,  however,  the  bile  cannot  be  shown  to  exert  any  direct 
action  in  the  digestion  uf  the  food,  similar  to  that  of  the  other  intestinal 
Jluids,  yet  there  is  evidence  that  it  takes  part,  in  the  intestine,  in  some 
process  which  is  important,  and  even,  in  the  long  run,  essential  to  life. 
This  is  shown  by  the  fact  that  if  the  bile  be  permanently  diverted  fh>ra 


i 


A 


THE    BILE. 


223 


ivit}-  of  the  ink'stinc  by  closure  of  the  common  bilenlact,  and 
evactiuted  by  a  fistula  of  the  gall- bladder,  the  animals  which  are  the 
L»r»abject3  of  tlie   oi»eratiuu   grutlualiy   emaciate,  aud  die   with   general 
■Mymptoms  of  disordered  nutrition. 

^K   This  experiment  has  been  suecessfuHy  perrorme<.l  at  least  ten  times  by 
^^chwann.  Bidder  aud  Schmidt,'  Bernard,'  and  Prof.  A.  Flint,  Jr.,^  the 
animals  Burvivina;  tlie  immediate   etl'ects  of  the  operation,  the  biliary 
fistula  n-maining  oi)en,  aud  the  eonmiuu  bile-duct,  as  shown  by  subse- 
quent ;x>«/-Jnor/e»i  examination,  being  permunetitly  closed  so  that  none 
of  the  bile  could  have  found  its  way  into  the  intestine.     The  general 
restdts  Were  alike  in  these  cases.     The  animals  died  with  the  signs  of 
inanition,  usually  l>et"wecn  30  and  40  days  after  the  ojx-ration  ;  although 
in  one  instance  death  occurcd  at  the  end  of  the  seventh  day,  and  in 
another  not  until  tlie  eightieth.     The  average  length  of  life,  in  all  the 
oases  taken  together,  was  3G  days.     The  symptoms  were  constant  aud 
progressive  emaciation,  whit^h  prncecdcd  to  such  a  degree  that  nearly 
^_^rery  trace  of  fat  disappeared  from  the  body.    The  loss  of  flesh  amounted, 
^Bn  one  case,  to  more  than  tw«j-(ifth9,  and  in  another  to  nearly  one-half 
the  entire  weight  of  the  niiimal.     There  was  also  sometimes  a  falling  off 
of  the  hair,  and  an  maisually  iHsagreoable,  ijutresecut  odor  in  the  feces 
^hnd  in  the  breath.     Notwithstanding  this,  the  apjH'tite  remained  good. 
^^Digestion  was  not  essentially  interfered  with,  and  none  of  the  food  was 
HHischnrge<l  with  tlie  feces  ;  but  there  was,  in  tlie  cases  of  Bidder  and 
Schmidt,  mudi   rumbling  ami  gnrgling  in  the  intestines^  and  abumlant 
discbai'ge  of  flatus,  more  strongly  marked  in  one  instance  than  in  the 
other.     There  was  no  pain ;  and  death  took  place,  at  last,  without  any 
violent  symptoms,  but   by  a  simple   and  gradual  failure  of  the  vital 
|)owers. 
^H    It  appears  therefore  that  the  bile  is  not  simply  an  excrementitious  fluid 
^'rtestined  to  Ix?  eliminated  from  the  system  ;  but  that,  after  K'ing  secreted 
and  discharge*]  by  the  liver,  it  must  pass  into  and  through  the  small 
^Bntestine,  in  order  to  maintain  the  continuous  and  healthy  nutrition  of 
^Hhe  body.     We  have  already  seen,  furthermore,  that  its  most  essentiiU. 
^Hbgredients,  namely,  the  biliary  suits,  disappear  during  their  passage 
^^hrough  the  alimentary  canal,  and  are  not  to    be  found    in   the  fecal 
evacuations.     This  may  be  accounted  for  in  two  diffurent  ways,     Flither  \ 
the  biliary  salts,  while  in  the  intestine,  may  become  altered  and  insolu-  \ 

*|»le^so  as  to  lose  their  reaction  with  Pettenkofer's  test,  aud  be  finally  j 
iivacoatcd  with  the  feces  under  this  insoluble  form ;  or,  on  the  other  / 
tiand,  they  may  be  reabsorb<^<l  from  the  alimentary  canal  and  thus  re-enter  7 
the  circulation  as  ingredients  of  the  blood. 

The  conclusion  generally  ailopted  by  physiologists  is  that  they  are 
reabsorbcil.     The  most  positive  e\idcnce  on  thia  point  is  that  derived 


'  Verdaiiuiipssaofto  and  Stoffwechacl.     Leipzig.  1852,  p.  103, 
*  Liqaides  do  rOrpanisnip.     Parin,  19.'>9,  torn,  ii,  p.  199. 
'  Phj-sioiogy  of  Man.     Xcw  York.  18C7.  p.  369. 
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from  the  experiments  of  Bitlder  and  Schmidt  on  the  quantity  of  sulphar 
contaiiKHi  in  the  fwes  of  the  dog,  as  corapareil  with  that  in  the  touro 
t'holic  ati(]  of  lii»  biliary  sjilts.  The  signilicaiiee  of  these  experinienla 
•lepeiids  upon  the  faet  that  tlie  biliary  salts  themselves,  being  compound 
bodies,  might  lie  so  altered  by  deeompositiou  in  the  intestine  as  to  lose 
thuir  characteristic  reactions,  and  yet  their  separated  materials  minht 
remain;  but  as  sulphur,  on  the  other  liuud,  is  a  cluniieal  element,  not 
decomposable  by  any  known  means,  it  must  be  cnpable  of  <letection,  if 
present,  by  ultimate  analysis.  The  dog  was  selected  as  the  subject  of 
ex{>erimcut,  Ibr  the  reason  that  the  bile  in  this  animal  contains  so  largo 
a  proportion  of  the  soditim  taurocLolate,  of  which  sulphur  is  a  constituent 
part. 

The  results  obtained  by  Bidder  and  Schmidt'  showed  thnt  the  quantity 
of  sulphur  evacuated  in  the  feces  was  much  less  than  that  discliarged 
into  the  inlestlue  with  the  bile. 

These  observers  collected  and  analyzed  all  the  feces  passed,  during 
five  days,  by  a  healthy  dog,  weigtiing  8  kilogrammes.  The  entire  fecal 
mass  during  this  period  weighed  97.1  Ifi  grammes, 


Containing  | 


atcr 
(1  residue 


66.fi42  graiDinea. 
41.074 


9.7.716 


The  solid  residue  was  composed  as  follows: — 


Nt'utral  Tttt,  Biilublc  in  ether   . 

Fut,  with  traces  of  biliary  matter  . 

Alcohol  e.\trttct,  witli  biliary  mnttcr 

Subptiiijces  not  of  a  biliary  natnre 
extractwl  by  mnriatic  acid  and 
hot  alcohol  .... 

Fatty  acids  with  oxide  or  iron 
Besidue  consisting  of  bair,  sand,  etc. 


2.832  gnitiinieg. 

4.991 

3.816  containing  0.070  orsolphnr. 


9.G41  containing  0.085  or  sulphur. 


0.155 


As  it  has  already  been  shown  (page  219)  that  the  dog  secretes,  during 
24  hours,  0.985  gramme  of  solid  biliary  matter  for  every  kilogramme 
of  bodily  weight,  the  entire  quantity  of  bilinry  matter  secreted  in  five 
dnys  by  the  above  animal,  weiglung  R  kilogrammes,  must  have  been 
39.4  granunes,  or  nearly  as  much  as  the  whole  weight  of  the  dried  feces. 
But  furthermore,  the  natural  proportion  of  sulphur  in  dog's  bile,  derived 
from  the  sodium  tnurocholnte,  is  6  per  cent,  of  the  dry  residue.  The 
39.4  grammes  of  dry  Idle,  secreted  during  five  days,  contained,  there- 
fore, 2.364  grammt's  of  snlphnr.  But  the  entire  quantity  of  sulphur, 
existing  in  any  form  in  the  feces,  was  0-385  gramme  ;  and  of  this  only 
0.155  gramme  could  have  been  the  product  of  biliary  matters — the  re- 

'  Vcrdauungssacfte  and  Stoffvrechsel     Leipsig.  1852,  p.  217 
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ler  being  derived  from  the  hairs  wliicU  aro  always  contained  in 
abundance  in  the  feces  of  the  dog.  That  is,  not  more  than  onc-Sfteentli 
|)art  of  the  sulphnr  originally  present  in  the  bile  could  be  delected  in 
tlie  fecea.     It  intist,  accordingly,  bnve  heen  reabsorbed  from  the  intestine. 

A  still  flirther  i-orruborntifju  vt'  the  rtrsibsyqiliun  of  the  biliury  uinterials 
jfirom  the  iiitestlDal  canal  is  funiished  by  the  very  careful  aiul  ingi-nioim 
wpcriments  of  Schiff,'  performed  in  a  different  manner.  This  observer 
)iind  that,  in  animals  provided  with  ft  gall-bhulder,  less  pressure  is  re- 
Fquirefl  to  make  a  duid  ptiss  from  tliu  luputit;  duct  into  the  cavit}-  of  the 
gall-bl.idder  than  to  force  it  through  the  common  duct  into  the  intes- 
tine. Unless,  therefore,  the  pressure  under  which  the  bile  is  secreted  be 
increasetl,  cither  by  distension  or  by  muscular  contraction,  it  i)asscs  into 
the  gidl-bladder  more  readily  than  into  the  intcstiia- ;  and  a  fistula  of  the 
fundus  of  the  gall-bladder,  if  kept  freely  open,  m  ill  be  of  itself  sufticient 
to  discliarge  alJ,  or  nearly  all,  the  secreted  bile,  without  any  considerable 
portion  of  it  reaching  the  iuteatiue.  He  demonstrated  furthermore  that 
this  was  really  the  fact  by  establishing  at  the  «ame  time,  in  the  same 
animal,  a  fistula  of  the  gall-bladder  and  one  of  the  duodenum.  So  long 
as  the  cystic  fistula  remained  0[H'n,  either  no  biliary  matters,  or  only 
insignificant  traces  of  tliem,  could  Ikj  detected  in  the  fluids  drawn  from 
the  duodenum. 

The  advimtag^,  for  certain  purposes,  of  this  method  of  operating, 
aver  that  in  which  the  common  duct  ia  also  tied  ami  obliterated,  ia  that 
^Ijy  the  last  operation  the  bile  is  p^'fraanently  shut  off  from  the  intestine, 
in  consequence  of  which  the  aaiiuial  soon  passes  into  au  abnormal  ami 
snfecbled  condition.  One  of  the  earliest  result-*  of  this  unhealthy  state 
U  a  diminution  in  the  daily  quantity  of  bile  vt'vrrted.  On  tlve  other 
hand,  by  Schiff's  metho<l,  so  long  as  the  cystic  fistula  ia  closed,  the  bile 
continues  to  i)ass  throngh  the  common  duct  into  the  intestine,  thus 
maintaining  the  animal  in  a  healthy  condition.  At  jiny  time,  however, 
by  o|>ening  the  cystic  fistula  and  emptying  tl>e  gall-bladder,  the  rate  at 
|«vhich  the  bile  is  secreted  may  be  observed  with  facility.     It  has  already 

?n  m<*ntione(l  that  larger  quantities  of  bile  were  usually  obtnintHl  by 
this  than  by  the  older  metixKb 

The  observations  of  ^^chitl■  show  that  b}-  leaving  open  the  cystic  fistula, 
and  thus  practically  diverting  all  the  bile  from  the  intestine,  ita  rate  of 
secretion  by  the  liver  is  at  once  diminislied,  so  that  even  at  tiie  end  of 
twenty-four  hours,  if  the  intiuence  of  digestion  be  eliminated,  it  is  ahvady 

luce<l  to  a  minimum,  and  this  minimum  continues  afterward  with  only 
Itiftignificant  fluctuations.  On  tlie  other  hand,  if.  in  the  same  animal, 
the  fistula  l.K>  kept  closed  for  some  hours,  the  quantity  of  bile  soon  rises 
K>  its  normal  standard. 

The  same  observer  experimented  upon  the  dog  with  similar  results 

making  a  duodenal  fistula,  through  which  he  introduced  a  cannla  into 
be  orifice  of  the  common  bile-duct.     This  canula  had  a  lateral  opening 


'  Archlv  fUr  die  Gesammtc  Physiologic.    Bonn,  1870,  p.  598. 


near  its  inner  end,  which  might  be  left  open  or  kept  closed  by  shifting 
the  position  of  an  iniuT  ( uliv  tittiiig  closely  in  ihc  c-jinula.  Thus  the  bile 
migiiL  be  at  will  either  discliaigeil  fxlernnlly  fiom  the  orifice  of  the 
cantila,  or  allowed  to  pass  into  the  duodenum  by  its  lateral  opening.  It 
Was  found  that,  ufbt-r  being  diaehnrged  externally  for  even  two  or  three 
hourg  previously  to  the  exuminntion,  its  rate  of  secretion  was  much  less 
than  if  it  hafl  been  ailowtd  to  pass  into  the  intestine.  The  results 
obtained,  in  a  dog  weighing  12  kilugramiues,  were  as  follows: 

fC'L'BIC  CkMIUKTRU    of    BiLB   OBTAIKKO    IN    ThK    MiNrTES    AFTER    BAVUtG    BEEK, 
FROM  Two  TO  Three  Hours, 

t  Eritcusted  exteraally.  DlacliJirged  loto  the  duodenum. 

I  2.2  6.0 

I  2.3  5.4 

I  2.1  6.6 

I  2.0  6.2 

I  1.8  6.5 

i  1.9  5.7 
■ 
in 
w 


Average 


2.05 


6.90 


Thus  the  quantity  of  bile  secreted,  when  it  has  been  allowed  to  follow 
its  natural  course  into  the  duodunum,  is  nearly  three  limes  as  great  as 
when  it  has  been  evacuated  through  the  external  fiatnta.  It  does  not 
necessarily  follow  from  this  that  it  is  again  dirertly  used  for  secretion 
by  the  liver,  since  thia  pioceas  may  be  influenced  by  a  variety  of  sec- 
ondary coBLlitions  ;  but  it  ia  dilDeult  to  avoid  the  conclusion  that  its 
ingredients  are  absorljcd  from  the  intestinal  cavity,  and  supply  in  some 
wuy  the  materials  for  continued  eccretinn. 

Before  their  reabsorption,  however,  the  biliary  Baits  unrlergo  certain 
alterations  in  the  alimentary  camd^  eo  that  when  finally  taiten  up  by  the 
bloodvessels,  they  have  already  assumed  a  diflerent  form ;  otherwise 
they  could  be  detected  in  the  blood  of  the  portal  vi'iu.  But  such  re- 
searches have  constantly  led  to  a  negative  result.  Our  own  experiments 
on  this  i)oint  were  performed  on  dogs,  by  examining  the  portal  blood 
obtained  at  dilferent  periods  alter  feeding.  The  animals  were  killed  by 
section  of  the  medulla  oblongata,  a  ligature  immediately  placed  on  the 
portal  vein,  while  the  circulation  was  «till  active,  and  the  requisite 
quantity  of  blood  collected  by  opening  the  vein.  The  blood  was  some- 
times ininiefl lately  evaporated  to  dryness  by  the  water-bath.  Sometimes 
it  wai^  coagidated  by  boiling  in  a  porcebun  capsule  over  a  spirit  lamp, 
with  water  anrl  an  excess  of  HO<]ium  sul|(hatt,^,  and  the  flltereil  watery 
solution  afterward  examined.  But  most  frequently  the  blood,  after 
being  collected  from  tfie  vein,  was  coaifulated  by  the  gradual  addition 
of  tliree  tiroes  its  volume  of  alcohol,  stirring  the  mixture  constantly,  so 
as  to  make  the  coagulation  gradual  and  uniform.  It  w^as  then  flltere<l, 
the  moist  mass  remaining  on  the  filter  subjected  to  strong  pressure  in  a 
linen  hag,  by  a  porcelain  press,  and  the  fluid  thus  obtained  added  to  that 
previously  filtered     The  entire  spirituous  solution  was  then  evaporated 
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[>  diyne88,  the  dry  residue  extracted  with  absolate  alcohol,  and  the 
alcoholic  solution  treated  as  usuul  to  discover  thu  presence  of  biliary 
mattera.  lu  every  instance,  blood  waa  taken  at  tlie  same  time  rroni  tho 
jugular  vein,  or  the  abtlomiuiil  vena  cava,  and  treated  iji  the  same  way 
for  purposes  of  comparison. 

We  have  exatnineil  the  blood,  in  this  way,  one,  four,  six,  nine,  eleven 
and  a  half,  twelve,  and  twenty  hours  after  feetiiug.  The  result  shows 
that  in  the  venou3  blood,  both  of  the  portal  vein  and  of  the  general  circu- 
lation, there  exists  a  substance  Bohihle  in  water  and  in  absolute  alcohol, 
and  precipitable  bj*  ether  from  its  alcoholic  solution.  Thia  Bubstance 
is  often  considerably  more  abuiulant  ui  the  portiil  blood  than  in  that 
taken  from  the  general  venous  system.  It  adheres  closely  to  the  sides 
of  the  glass  vessel  after  precipitation,  so  that  it  is  always  dilllcult,  and 
1  often  impos8il>le,  to  obtain  enough  of  it,  mixed  with  ether,  for  micro 
Bcopic  exarainntion.  It  dissfilves,  a]st>,  like  the  biliary  substancca,  witli 
great  readiness  in  water;  but  in  no  instance  have  we  ever  been  able 
to  obtain  from  it  such  a  reaction  with  Pettenkofer's  test,  as  would 
indicate  the  presence  of  bile.  This  is  not  because  the  reaction  la 
ma-sketl  by  any  other  ingredient  of  the  bioo<l ;  for  if,  at  the  same  time,  a 
little  bile  be  added  to  WoihI  taken  from  the  ablorniual  vena  cava,  tn  the 
proportion  of  one  drt>p  of  bile  to  Bcven  or  eight  cubic  centimetres  of 
blood,  and  the  two  specimens  treated  alike,  the  ether-precijiitate  may 
l>e  considerably  more  abundant  in  the  case  of  the  portal  blood ;  arid  yet 
that  from  the  blood  of  the  vena  cava,  dissolved  in  water,  will  give  I'et- 
tenkofer's  reaction  fur  bile  perfectly,  while  that  of  the  portid  blood  will 
give  no  such  reaction. 

Notwithstanding  the  evidence,  tlierefore,  that  the  biliary  matters  are 
absorltcd  by  the  portal  bloo<l,  they  cannot  be  recognized  there  by  Pet- 
tenkofer's  test.  They  mu^t  accordingly  have  passed  through  Bueli 
changes,  in  the  intestine,  pre^*iousiy  to  their  absorption,  that  they  can 
I  no  longer  give  the  onlinary  reaction  of  the  biliary  salts.  We  cannot 
say  precisely  what  these  changes  are,  but  they  are  undoubtedly  dei)en- 
dent  upon  tl>e  action  of  the  intestinal  juices,  and  are  therefore  more  rapid 
while  the  process  of  digestion  is  going  on.  This  is  probably  the  ex- 
planation of  the  fact  that  the  bile,  though  a  continuous  secretion,  ia  dis- 
charged into  the  alimentary  canal  in  greatest  abundance  immediately 
after  the  ingestion  of  food ;  since  it  is  not  so  much  needetl  to  assist  the 
intestinal  juices  in  the  process  of  digestion,  as  to  be  itself  acted  on  by 
them  and  convertwi  into  other  materials. 

The  bile,  accordingly,  is  a  secretion  which  has  not  yet  accomplished 
its  function  when  it  is  discharged  from  the  liver  and  poured  into  the 
intestine.     While  in  the  cavity  of  the  alimentary  canal,  in  contact  with 
L.  its  glandular  surface,  and  mingled  with  the  intestinal  juices,  its  ingre- 
IfeUcnts  lose  their  original  character  and  pass  into  the  form  of  new  com- 
"     hinations.     These  substances  again  enter  the  circulation  by  ab8ori)tion 
frr»m  the  intestinal  cavity,  and  are  carried  away  by  the  blood,  to  com- 
plete their  function  in  some  other  part  of  the  body. 


If  the  liver  of  a  carnivorous  or  herbivorons  animal,  after  twenty-four 
hours' fasting,  be  taken  from  tiic  biKly  imnu'cliately  after  deatb^  fliiely 
divided,  and  boiled  for  a  few  moments  in  water  witli  iinimal  charcoal  or 
an  excess  of  sodiura  Btilphate,  t<>  eliminutc  ttie  HlbiiminouA  and  coloring 
matters,  the  filtered  fluid  will  be  nearly  cleur,  or  show  only  a  moder- 
ately opaline  tinge.  But  if  the  same  thing  be  done  within  a  few  honrs 
after  the  ingestion  of  animal  ur  vegetable  fuiKl,  the  watery  decoction  of 
the  liver  tissue  will  be  strongly  opalescent,  being  rendered  turbid  by 
the  presence  in  conHiderable  quantity  of  a  matter  which  communicates 
to  tiio  solution  a  partial  turbidity.  This  matter  is  glt/cngt^ti^  which  is 
contained,  in  greater  or  smaller  quantity,  iu  the  liver  extract  under  these 
two  conditious. 

This  substance,  first  discovered  by  Bernard,  has  so  strong  an  analog}', 
ia  Its  composition  and  properties,  with  the  ordinary  amylaceous  matter 
of  vegetable  tissues,  that  it  ia  otlen  spoken  of  as  "animal  starch."  It 
ia,  when  purified,  a  non- nitrogenous  body,  having  the  formula  C^H,„Oj. 
It  ia  accordingly  a  carbohydrate,  and  indcnticol  with  starch  iu  its  ulti- 
mate chemical  composition. 

It  ia  obtained  from  the  liver  by  first  cutting  the  organ  into  small 
pieces  and  immediutely  coagulating  them  by  a  short  immersion  in  boil- 
ing  water.  This  is  for  the  purpose  of  preventing  (lie  partial  transforma- 
tion of  the  glycogen  which  would  otherwise  take  place,  under  the  influ- 
ence of  a  moderate  temperature,  by  contact  with  the  albnminous  matters 
present  in  the  liver.  Those  albuminous  matters  haviug  been  once 
coagulated  by  the  i>relimiaary  boiling,  the  glycogen  can  afterward  be 
extracted  at  leisure.  The  liver  tisriiue  is  then  ground  to  pul[i  in  a 
mortar  and  boiled  continuously  for  half  an  hour  with  a  small  qn:iutity 
of  water,  just  suQIcient  to  keep  the  mixture  fluid,  in  order  to  obtain  a 
decoction  as  concentrated  as  [lossible.  The  decoction  is  then  treated 
with  animal  charcoal,  to  remove  the  coloring  matters,  and  filtered.  The 
H  solution  is  distinctly  opaline,  and  if  allowed  to  fall  into  a  rcssel  of  strong 
^^f  alcohol,  the  glycogen,  which  is  insoluble  in  tkiis  fluid,  is  pre-cipitated  in  the 
V  form  of  a  white  deposit.     This  deposit  is  still  contaminated  by  a  little 

I  glucose,  and  by  a  certain  quantity  of  liiliary  salts  and  other  nitrogenous 

I  matters.      The  glucose  and    biliary    salts   are   removed   by  rejieatedly 

I  washing  the  prcci|)itate  with  alcoliol.     The  deposit  is  then  boiled  for 

^^^       a  quarter  of  an  hour  with  a  concentrated  solution  of  potassium  l)y<lrate, 
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bicii  dissolves  the  albuminous  matters,  but  does  not  affect  the  gly- 
gen.      After  being  separated  by  liltiivtioa    it  is   again  dissolved  in 

ater,  tiie  traces  of  alkali  removed  by  tlie  addition  of  a  little  acetic 

cid,  and  the  glycogen  then  precipitated  anew,  in  a  pare  form,  by 
alcohol  in  excess.  It  is  then  dried  and  may  be  kept  in  the  form  of  a 
wliite  pulverulent  muss,  which  retains  its  propci-ties  for  an  iudetiuite 
time. 

Glycogen  thus  prepared  is  soluble  in  water,  its  solution  having  an 
opalescent  tinge,  Trt-aled  with  iudine,  it  gives  a  violet  color,  inter- 
mediate between  tlie  l>lue  reaetiort  of  starch  and  the  red  of  dcstrinc. 
it  does  not  reduce  the  copper  salts  in  Trommer's  test,  nor  give  rise  to 
fermentation  with  yeast;  but  it  is  converted  into  dextrine  and  glucose 
by  all  those  agencies  which  have  a  similar  effect  upon  p.tnrch — namely, 
prolonged  boiling  witli  <lilute  mitieral  acids,  the  contact  of  vegetalde 

iastase,  of  saliva,  the  pancreatic  juiee,  and  the  serum  of  blood  at  a 
moderately  wanu  temperature.  If  allowed  to  remain  in  the  liver  after 
death,  a  part  of  it  sulfers  transformation  into  glucose  by  contact  with 
the  fliii<lfl  of  the  he])fttic  tissue. 

Origin  and  Mode  of  Formation  of  Olyrogen. — As  this  substance  is 
present  in  the  liver  tissue  of  both  carnivorous  and  herbivorous  animnis, 
it  may  be  derived  from  the  materials  of  either  kind  of  food.  In  the 
carnivora,  at  least,  there  is  evidence  that  it  is  ftup]>Hcd  from  nitrogenous 
materials,  by  the  nutritive  changes  which  they  undergo  in  the  suhst'ince 
of  tiie  liver.  Under  some  circumstances  a  materi:il  resemlding  glycogen, 
or  identical  with  it,  may  be  present  in  the  museles  of  the  herbivora. 
Bemanl  lias  found  It  in  the  luuseular  tissue  in  ndiliits,  and  especially  in 
pigeons,  when  fed  upon  the  cereal  gmin«,  and  in  horses  kept  upon  outs 
and  barley;  but  in  all  these  animals  it  disappears  when  the  food  is 
changed,  or  after  s^ime  days'  fasting.  Lirchninger'  has  also  fotnul  it  to 
be  absent  from  the  nuiscles  of  the  rabbit  after  several  days'  fasting,  but 
continue  more  {Hirsisteutly  in  the  pectoral  muscles  of  the  fowl  under 

milar  conditions. 

It  is  accordingly  not  a  constant  but  only  an  occasional  ingredient  of 
muscular  flesh,  and  when  jireseut  is  usually  fi>und  in  very  smnll  quaiv>j 
tily.     Poggiale,'  iu  very  many  ex|)erimentd  institutefl  for  this  purpose 

\y  a  Commission  of  the  French  Academy  of  Sciences,  found  glycogen 
present  in  ordinary  butcher's  meat  only  once.  We  have  also  found  it 
to  lie  absent  from  the  fn-sli  meat  of  the  bullock's  heart,  wlien  examined 
in  the  manner  dencrilx'd  ahove.  Nevertheless,  in  <logd  fed  exclusively 
for  eight  days  upon  this  food,  glycogen  may  be  abuiulant  in  the  liver, 
while  it  does  not  exist  iu  the  other  internal  organs,  as  the  spleen,  lungs, 
and  kidneys. 
The  production  of  glycogen  fi*om  nitrogenous  substances  is  also 

ibown,  according  to  Bernard,  by  the  fact  that  it  makes  its  apf)carance 

'  Archiv  t\\r  die  Gesammte  Phj-wolopie.  1873.     Band  riii.  p.  290. 
'  Jouraal  dc  la  Physiologic.     Paris,  1858,  p.  558. 


in  Ihe  Kotlios  of  magfg^ota  during  the  course  of  their  development, 
ahhougJi  iieitbor  tlie  eggs  from  wbirh  the}' arc  halchecl,  nor  the  putrefy- 
ing meat  upun  which  they  feed,  contain  any  appreciable  traces  of  this 
sultstiince. 

(ilycogon  is  prmluced,  however,  in  especial  abundance  in  the  liver, 
after  the  ingestion  of  starchy  aiifl  saccharine  footi.  Bernard'  found  the 
decoction  of  the  liver  tissue  in  the  dog,  after  feeding  for  two  days  with 
broad  and  staroh  paste,  very  tnrljid  and  milky  in  apijearance.  Subse- 
quent experimenta  by  the  earnc  ol>servcr-  have  shown  that  a  starchy 
diet  aiigmeula  notably  the  quantity  of  glycogen  existing  in  the  liver. 
This  fact  waa  first  deinoni^trated  in  a  speciiil  manner  by  the  observations 
of  Pavy,^  who,  by  comparative  expcrinienta  ujion  dogs  fed  with  animal 
and  vegetable  food,  foiind  that  the  infiiience  of  tlie  latter  was  to  increase 
very  decidedly  the  weight  of  the  whole  liver,  and  also  the  pencentage 
of  glycogen  which  it  contM-ined  The  same  eflTeet  was  produced  by  a 
diet  of  animal  food  with  sugar  in  addition.  The  following  table  gives 
the  average  results  of  three  aeries  of  observations  by  Pavy : 


Average  Pbodcction  or  Glvcooks,  in  Dons,  under  Diet  or  Animal  and 
Yeortablk  Food. 


Diet  for 

Weight  of  Itvcr, 

Olycofrn  In  th« 

■evcrnl  dnj^ 

In  pprcentage  of 

fresh  JIver, 

previously. 

bodUf  wclgbt. 

per  c«nt. 

Tripe        .        .        .        . 

3.03 

7.19 

Tri[ic  and  Bopar 

6.42 

14.50 

Meal,  bread,  potatoes 

6.06 

17.23 

^^  Experiments  on  the  rabbit  also  showed  that  in  this  animal  both 

weight  of  the  liver  and  its  percentage  in  glyci)gen  are  mcjch  diminished 
by  several  da3a'  fasting,  but  are  maintainoil  at  the  maximum  standard, 
for  a  time  at  least,  by  a  diet  consisting  exclusively  of  the  carbohydrates. 
The  average  results  were  as  follows: 

AVKRAOK    PrODCPTION  OF  Gt-TCOOEN  IN  EiBBlTfl,  IN  THE    FaSTINO  CONDITION  AND 
WHEN  FSD  ON  CaKBOHYDRAT&S. 


ttie 


Diet  for 

Absolute  weight 

Glycogen  In  tha 

three  dnyi 

of  Itver 

fresh  liver 

prci-lounly. 

(grnnimM), 

(j>er  cent.). 

No  food    . 

.      34.02 

1.35 

Starch  and  sugar 

.      73.71 

16.15 

The  quantity  of  glycogen  found  in  the  liver  by  Pavy  is  considerably 
greater  than  that  obtained  by  sulKsequent  observer.»i  under  similar  cir- 
cumstances, and  is  attributed  to  bis  having  employed  an  imperfect 
metho*!  of  purification  ;  but  tlie  princi|>al  fact  of  the  increase  of  glycogen 
under  the  use  of  the  carbohydrates  has  been  conlirmed  by  several  other 

'  Leijons  de  Physiolnpic  Expfrimealale,  Piiri.'^,  IHrt.").  p.  1.19. 
*  Ri'viie  tl^B  Sciencpfl  MeJicalrs.  Paris.  1874.  torn.  tii.  p.  34. 
3  Oq  the  Nature  and  Treatmeut  of  Diabetes.     London,  1862. 


OLYCOOEX    AND    GLUCOSE    IN    TUE    LIVER.  231 

itnentera.  Dock  found,  in  his  espcrtmenta  on  tbe  rabbit,'  that  after 
fVom  3  to  6  days'  fasting  tiie  glycogen  in  the  eutire  liver  was  reduced 
to  a  very  minute  quantity,  or  more  frequently  was  entirely  absent- 
But  if,  in  ttiia  couditiun,  a  solution  of  glucose  were  intrrxineed  into  the 
stomach  through  a  catheter,  and  the  aniinid  kitted  from  19  lo  24  hours 
afterwartl,  the  quantity  of  glycogen  coiit.'tined  iu  the  liver  amounted  to 
from  0.650  to  1.243  graniniea.  After  even  7  days'  fasting,  followeil  by 
an  injection  of  glucose  into  the  Btoumeh,  so  short  a  tiine  as  four  hours 
was  sunieietit  to  produce  an  Hbuiid:iiice  of  glycogen  iu  tlu;  liver.  The 
deposit  of  tliia  substance  accorilingly  takes  place  so  rapidly  after  the 
ingestion  of  this  kiu<l  of  food,  timt  no  doidit  can  remain  of  its  being 
directly  produced  from  the  materials  of  the  sacchaiiue  or  starchy  sulv 
stances. 

Tscherinow  showed,  by  hia  observations  on  fowls,'  botli  the  production 
of  glycogen  from  animal  food,  and  also  its  more  abundant  deposit  under 
a  vegetable  <liet.  lie  fouml  tb.-it,  in  this  species,  two  da_\s'  fasting  was 
sufficient  to  reduce  the  qciuiitity  of  glycogen  to  a  minimum.  After 
being  8ul>jected  to  a  pnliruinury  fnst  of  this  duration,  the  fowls  were 
fed  for  two  or  three  (biys  wilh  diflVrout  kinds  of  food,  and  then  killed 
and  ex.imiueil.     The  average  residts  were  as  follows : 

Peodcctio.h  or  GLvrooBS  ix  Fowls  vndbb  mmazvT  kixm  or  Diet. 

Diet  prevloui  to  the  Olycnpen  In  the  Treih 

px}>ei'iini'nl,  Uver,  jiLT  cent. 

FasllKp,  -  Jiiya 0.57 

Lean  meul.  2  tu  4  daja 1.40 

Bark'}',  2  days 5.41 

Rice,  2  days 7.21 

Fibrinc  and  RUgar,  2  to  3  days 10.20 

It  appears  furthermore  from  the  experiments  of  Weiss  and  Luch- 
Bf''  that  a  similar  increase  of  glycogen  will  take  place  in  the  liver 
the  ingestion  of  gli/cfrine  (C\li„0|),  a  substance  closely  related  in 
chemical  comyK^sition  to  the  carbohydrates,  but  not  under  the  use  of  fat 
^^>T  of  tlie  alkaline  tartrates  or  lactates. 

^Kk  There  is  accordingly  every  reason  for  the  In^lief  that  the  carbohj'il rates, 
^Brhen  taken  in  witli  the  food,  are  at  once  transported  to  tiic  liver  by  tho 
^||K>rtal  circulation,  and  tlicre  iixed  in  its  substance  under  the  form  of 
glycogen.  It  makes  no  ililfcrenee,  in  this  re8|M.'ct,  whether  these  sul)- 
stances  be  taken  as  starch  or  as  sugar ;  since  starchy  matters  are  alwa}'* 
transformed  into  glucose  by  the  process  of  digestion,  to  be  afterward 
absorbed  by  the  lilood vessels  of  the  intestine.  It  is  lutder  the  form  of 
glucose,  therefore,  that  they  nit  enter  the  portal  circulation  and  thus 
reach  the  tissue  of  the  liver.     1'be  process  of  the  conversion  of  this  sulv 

'  ArchJT  fUr  die  ftesammte  Physiologie.     Bnao,  1872,  Band  v.  .571. 

•  Arehiv  Hir  Putholnpische  Anatomic  and  Physiolopie,  lfi69,  Band  xlvii,  p.  102. 

*  Arclav  ftir  die  Geiiammto  Pbysiologic,  1873,  Baud  viii.  p.  290. 
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stance  into  gl3'cogon  is  a  dehydration ;  that  is,  the  separation  from  it 
of  the  elements  of  water,  as  follows: 

Olucose.       Water.      QiyifOgea. 

C.H„O.-H,0.=  L'.U,.0.. 

It  fa  not  possible  to  say  in  what  manner  or  hy  what  influence  tli 
change  takes  pliice ;  but  it  is  one  of  the  simplest  actions  manifested 
organic  substances,  and  is  known  to  occur,  as  well  as  the  opposite  chanf 
of  hydrnti(m,  in  njjiiiy  of  tlif  pht'nomena  of  both  animal  and  vegetabl 
nutrition.  Tlie  formation  ul'  glycogen  from  albununous  materials  is  i 
more  couii>licatecl  process,  and  in  neeeasnrily  acc'ompanie<I  by  the  api>ear- 
auce  of  anothi;r  secondary  product  containing  nitrogen;  but  we  have  no 
certiiin  knowledge  as  to  what  this  substance  may  be,  or  whether  there 
may  not  be  several  new  coni]iounds  formed  at  tlie  same  lime. 

TrauxformaUon  of  Olyfjogen  into  Sugar. — One  of  the  most  marked 
characters  of  glycogen,  as  extracted  from  tiie  liver  tissue,  is  its  rea^|^| 
convertibility  into  glucose  by  contact  with  eertnin  organic  matters  con^^ 
tained  in  the  secreLion.Ni  and  in  tlie  bluoil.  'J'tiis  change  takea  place 
partially  in  the  liver  itHelf ;  ami  the  conKequonce  is  that  in  a  state  of 
health  the  tissue  of  the  organ  always  contains  glucose  as  well  as  gly- 
cogen. In  fact,  the  existence  and  production  of  sugar  in  the  liver  waa 
a  iliscovery  anterior  to  ttiat  of  glycogen,  buviug  been  demou.strate<l  bj 
Ilenuud'  in  1S48,  The  experiments  of  this  observer,  tlie  most  importal 
of  wliich  have  been  repeatedly  confirmc<l  by  others,  show  that  the  gli 
cose  found  in  the  liver  of  botli  carnivorous  and  herbivorous  animnls  hafl 
an  intevnid  origin,  und  that  it  first  makes  its  ajipearance  in  the  hepatic 
tissue  itself. 

If  a  dog,  cat,  or  other  camivoroiis  nnimal,  be  fed  for  several  days 
exclusively  upon  meat  and  then  killed,  the  liver  alone  of  all  the  internal 
organs  is  found  to  contain  glucose.  For  this  purj>ose,  a  portion  of  the 
organ  should  be  cut  into  small  pieces,  redticeil  to  a  ]ndp  by  grinding  in 
a  mortar  with  a  little  water,  and  the  mixture  eoagulnteti  by  boiling  witkfl 
an  excess  of  sodium  sulphate.  The  filteied  fluid  will  then  re<luce  thfl^' 
oxide  of  copper,  with  great  readiness,  on  tlic  ajjplication  of  Trommer's 
test,  A  decoction  of  the  same  tissue,  nnxed  with  a  little  yeast,  will 
also  give  rise  to  fermentation,  producing  alcohol  and  carbonic  acid,  fts^ 
is  usual  with  saccharine  solutions.  On  the  contrary,  the  tissues 
the  spleen,  the  kidneys,  the  lungs,  and  the  muscles,  treated  in  the  sam^ 
way,  give  no  irKlication  of  sugar,  ami  do  not  reduce  the  salts  of  c«»ppon^ 
Every  other  organ  in  the  bo<ly,  as  well  as  the  blood  of  the  portal  vein 
by  which  the  liver  is  sn])|)lied,  mny  bo  tiestitute  of  sugar,  while  the  liver^ 
always  contains  it,  provided  the  animal  be  healthy. 

The  presence  of  sugar  in  the  liver  is  common  to  all  species  of  animala 
BO  far  as  yet  known.     Bernard  found  it  invariably  in  monkeys,  dogs,' 
oat8|  rabbits,  the  horse,  the  ox,  the  goat,  the  sheep,  in  birrls,  in  reptiles. 
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'  Coniptea  Bc'odus  de  I'Acadf  mie  des  Scieuces.    Paris,  1850,  tooie  xxzi.  p.  57! 
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jind  in  most  kiucls  of  fish.  Jt  was  only  in  two  8[M;cies  of  fish,  namely,  the 
fiel  and  the  ray  {Mursena  anguilla  ami  Rata  batis)^  that  he  somctimea 
flulfxl  to  discover  it;  but  tlit"  failure  in  Iht-sc  instunt-es  was  njipareutly 
owing  to  the  cwnniencing  iiutrescciicc  of  the  tissue,  by  uhieh  the  sugar 
had  probably  been  destroyed.  In  the  fresh  liver  of  the  human  subject, 
examined  after  deatli  from  accidental  violence,  sugar  wns  found  to  be 
present  in  the  proportion  of  l.lu  to  3.14  per  ceiil.  of  the  entire  weight 
of  the  organ. 

The  following  list  shows  the  average  percentage  of  Hiigwr  present  in 
the  healthy  liver  of  man  and  diflerent  species  of  animals,  according  to 
the  examinations  of  lieruard  : 

rKR(-K.VTAOK    OP    QlCCOSB    1H    THE    LfVXR. 

In  man    .                 .         .  1.G8  lu  ox       .        .        .        .  2.30 

"  moukcy      .        .         .  2.15  "  horse           .        .        .  4.08 

"  dog     ....  l.aO  "  goat    ....  3.89 

"  cat      .        .                 .  1.94  "  birds  ....  1.49 

"  rabbit                          .  1.94  "  reptiles       ,        .        .  1.04 

"  bheep           .                 .  2.0O  "  fish      .        .        .        .  1.45 

The  gltjpose  thus  found  in  the  liver  originates  by  transfonnation  of 
the  glycogen  of  tlie  hL-padc  tissue.  A.s  glycogen  diminishes  in  qumitity 
or  disappears  altogether  by  continued  fastiug,  and  is  again  produced 
from  the  ingestion  of  animal  food,  the  glucoae  which  is  derived  from  it 
exhibits  similar  fluctuations.  In  the  carnivorous  animals,  sugar  is  pre- 
sent in  the  liver,  nlthough  no  carbohydrates  have  been  given  with  the 
food  fur  an  indefinite  time.  Bernard  kept  a  dog  under  observation 
for  three  months  upon  an  exchisive  diet  of  boiled  calves'  heads,  and 
another  for  eight  months  u[)on  scalded  tripe.  At  the  end  of  thiit 
time  the  liver  in  each  case  contained  the  usual  quantity  of  glucose. 
We  have  al.4o  found  th«t  in  the  tlo^^,  ader  an  exclusive  diet  fur  eiijht 
tla^-s  of  the  fresh  meat  of  the  bnlbjck's  heart,  the  liver  contains  both 
glycogen  and  sugar,  while  iveither  of  these  substances  exists  in  the 
blood  of  the  portal  vein.  The  dimtnutiuu  of  glucose  by  fasting,  ami  its 
reappearance  under  the.  inllncncc  of  animal  food,  were  shown  by  Ber- 
narfl  in  the  following  way;  Nine  rats,  token  in  the  sewera  }>eneath  the 
('ollcge  of  France,  were  used  for  experiment.  Three  of  them  were  at 
once  killed  and  their  livers  found  to  be  highly  saccharine.  The  remnitider 
were  then  kept  without  food  for  four  days.  At  the  end  of  thut  time 
three  of  them  were  kille<l,  and  their  livers,  upon  examination,  found  to 
he  nearly  destitute  of  sugar,  only  alight  traces  being  discovered,  too 
small  for  quantitative  determination.  The  glucose  which  existed,  ac- 
cordingly, in  the  livers  of  these  animals  at  the  time  of  their  capture, 
hail  di-saiipeared  during  their  four  days'  i)eriod  of  fast.  The  remaining 
thi*ee  were  then  supplied  with  a  meal  of  raw  beef,  and  when  killed,  six 
hours  afterward,  their  livers  containe*!  an  nlmndance  of  sugar. 

The  most  distinct  proof  that  the  sacchaiiue  matter  of  the  liver  origi  • 
16 
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nates  in  the  tissue  of  the  organ  itself,  by  t ran s formation  of  the  glycogen, 
is  that  it  coutiiiuc's  to  ha  foimed  for  a  certain  k'Ugth  of  time  after  death, 
provided  the  liver  contain  glycogen.  Tiiis  tact  also  waa  first  shown  by 
lieruard,'  and  is  cftHily  veritieil.  If  the  liver  of  a  healthy  dog  be  taken 
out  of  the  body  ianuediutely  after  dea.th,  antl  injet^ted  xviih  water  by  the 
portal  vein,  the  watery  injection  which  escapea  by  the  hepatic  vein,  alter 
traversing  the  liver-tiestie,  will  be  found  to  contain  sugar.  But,  as  the 
injection  is  continueil,  the  quantity  of  glucose  extracted  by  it  from  the 
liver  grows  coustantly  leas,  until,  in  from  half  an  hour  to  an  hour,  it  is 
com|)leteJy  exhausted,  and  at  the  end  of  this  time  neither  the  injected 
fluid  nor  the  hepatic  tissue  coutiiius  any  trace  of  glucose.  If  such  a 
liver  be  kept  in  a  moderately  warm  place  for  some  hours  it  will  again 
be  found  abundantly  saccharine.  The  glucose  may  be  again  exhausted 
by  a  fresh  injection  and  again  reproduced,  until  all  the  glycogen  has 
been  transformed  or  until  tlie  changes  of  decomposition  begin  to  be 
established-  Tlic  gljeogen  itself,  being  less  Roluble  than  the  BUgar, 
remains  behind  after  such  an  injection,  and  protlucea  a  new  supply  of 
glucose  by  a  new  Iraiisfonnation. 

Immediately  after  deatli,  accordingly,  if  the  liver  be  allowed  to  remain 
saturated  with  its  niitiiral  organic  juices,  the  truusformatiun  of  its  gly- 
cogen takes  place  at  first  with  considerable  rapidity;  ap|»roximating,  n<» 
doubt,  the  rate  at  wliich  this  transformation  takes  place  during  life. 
W'ithin  tiie  first  hour,  according  to  our  own  observations  in  the  dog, 
the  glucose  in  the  liver  tissue  is  increased  to  l>etwcen  4.81  and  5.6(J 
times  its  original  amoimt-  Alter  this  the  change  goes  on  more  slowly, 
its  rate  diminishing  with  the  lapse  of  time,  so  that  at  the  end  of  twelve 
hours  the  sugar  may  have  inereaso<i  to  not  more  than  5.73  times  its 
former  quantity.  Tlie  following  table  gives  the  results  of  three  ex- 
puvimeuts  in  this  direction. 


pRoroRnoN  or  Gi.icosk  in  thk  Liter  op  the  Don,  at  DrppBRENT  pkriods  aftr* 


Dkath. 


Af the  end  of 
5  seconds 

15  miitutCB 
1  hour 

5  seconds 

6  hours 

4  seconds 
1  hour 
4  liours 
I'i  hours 


Per  tbouaaud  pnrti. 

792 
.      10.260 

3.850 
.       11.458 

2.675 
.  11,888 
.  13.361 
.       15.351 


In  the  table.»<  of  Bernard  (page  2.^3),  the  results  are  drawn  mostly  from 
livers  examined  some  time  after  death,  and  acconlingly  represent,  not 


Paris,  5  Octobre,  1855. 
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only  the  gl«icose  present  in  the  organ  nt  the  moment  of  ik'atli,  but  also 
that  which  accumiitates  atterward.  The  proportiou  fouuil  in  tlio  dog  at 
the  end  of  twelve  lioursi  eurrespomls  VL'iy  t-'loselj'  in  botli  tables. 

It  has  Itt-eu  doubted  by  somu  oliaervers  (Pavy,  Moissner,  Ritter, 
Soliiff),  whether  plucose  be  really  prothiced  in  the  liver  duritig  lilo;  its 
presence  in  the  liver  tissui-,  in  ordinary  exaniiuationn,  ln-inj^  uUributed 
entirely  to  a  post-mortem  protiuctiou  by  trausfonnation  of  t lie  glycogen. 
It  is  true,  as  these  experimentL'rs  have  found,  that  if  a  small  purtian  of 
the  liver  substaiu-e  be  cut  out  from  tin*  imdy  of  the  living  auiuuil  aud 
iut>tantly  )>lunge<l  into  a  freezing  mixture,  boiling  water,  or  strong 
alcohol,  so  as  to  arrest  the  transfonnatioa  of  the  glycogen,  its  subse- 
qaent  esaniination  may  not  show  the  presence  of  glucose  by  Trom- 
mer's  test,  as  applied  in  the  usual  wa^'.  TrofeSHor  Flint,  Jr.,'  by  o|>e- 
rating  in  this  way  with  boiling  water,  foiuid  in  two  insUuiees,  where 
the  time  employed  in  the  extraction  and  coagulalioa  of  the  liver  sulj- 
Btaace  was  respectively  28  seconds  and  22  seconds,  there  was  no  marked 
or  certain  evidence  of  sugar.  In  aiiotiier  instance,  where  the  time  em- 
|)l(i3'eil  was  only  10  seconds,  the  liver  extract  ]>rcsented  no  trace  of 
sugar  whatever;  and  yet  tlie  blood  of  the  hepatic  vein,  obtaiue<l  within 
a  minute  after  the  first  o{>eration,  showed  ii  well-marked  saccharine  reac- 
tion by  the  copper  test.  ^Ve  have  also  futinrl,  that  under  similar  con- 
ditions, the  liver  tissue  may  yield  uo  reduction  by  the  coppi>r  test  at  the 
end  of  17  or  of  22  seconds,  though  it  is  tlistinct  in  50  sueonds  after  its 
extraction  from  the  living  boily.  Ilarley,-  by  killing  the  auinuvl  by 
section  of  the  medulla  oblongata,  immediately  placing  a  portion  of  the 
liver  in  a  freezing  mixttire  an»l  afterward  slicing  it  directly  into  boiling 
acidulated  water,  has*  shown  that  glucose  may  be  demonstrated  to  exist 
in  the  organ  within  20  seconds  after  the  death  of  the  animal. 

But  the  failure  to  demonstrate  the  presence  of  glucose,  even  within 
the  shortest  time  after  the  extraction  of  the  liver,  is  only  owing  to  the 
use  of  too  small  a  quanlity  of  the  liver  tissue  and  an  iro{«'rfect  purifica- 
tion of  its  watery  extract.  If  these  sources  of  error  l>e  avoideil,  ylucose 
will  always  be  found  in  the  liver  at  the  instant  of  its  extraction,  or  as 
Bo<3n  afterward  as  the  necessary  test  cnn  be  applied.  In  order  to  demon- 
strate tills,  a  portion  of  the  liver  is  to  be  taken  out  uf  the  abdomen  of 
the  living  animal  by  an  instantaneous  incision,  reduced  to  a  pulpy  mass 
by  passing  it  between  two  fluted  rollers,  and  at  once  dropjied  into  a 
vessel  of  boiling  water  or  of  stniug  iilcnhol.  By  this  means  all  further 
change  of  the  lilycogen  is  arrested,  ami  the  time  which  ehijjises  Itulwecn 
the  extraction  of  the  liver  suhalance  and  its  immersion  in  tlie  coagulating 
liquid  may  be  reduced  to  a  very  few  seconds.  A  watery  extract  is  finally 
to  Ix*  m.idc  of  the  liver  substance,  wliich  must  becom|)leteIy  pm'ified  by 
the  repeated  use  of  animal  charcoal  until  it  ia  absolutely  transparent 


'  New  York  Medical  Joarnal,  January,  1869, 

*  Proceudiu^s  uf  the  Kuj'al  Society.-  of  Loudoa,  vol.  x.  p.  289. 
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wic]  colorless  '  after  which  it  is  testctl  for  glucose  by  the  use  of  Fchling's 
solution. 

We  have  experimented,  in  the  manner  nbove  described,  «ipon  twenty 
dogs.  In  four  of  the  pmsi-s,  the  tiu'tluxl  (*tnt»loyed  v/m  that  by  builing 
water;  m  tUe  remainiug  wixtwu  civscs,  tli;it  by  alcohol.  The  aninials 
were  esamine<l  four,  eight,  twelve,  nnd  twenty-four  hoars  after  feeding; 
the  foo<.l  cousistiDg  always  of  the  fresh  or  ctKiketl  meat  of  the  bulltick's 
heart.  The  longest  time  which  elupsed  from  the  separation  of  the  liver 
to  its  iiuinerstou  in  ahrohol  or  boiling  water  was  thirteen  secomls; 
the  shortest  time  was  three  seconds.  The  average  time  was  six  and  a 
qnarter  seeonds.  In  every  inst;uice  the  final  watery  solution  gave  a 
distinct  and  jx'rfectly  unmistakable  stignr  reaction  by  the  copper  test. 
In  oue-half  the  cases,  the  prest^uce  of  sii^ar  alone  was  deterniiued  by 
this  niethod  ;  in  the  remainder,  its  proportion  to  one  thousand  porta  of 
the  liver  ttsRue  was  also  ascertained. 

The  following  is  a  list  of  these  exiicrimcnts,  with  their  results : 


GUTCOSK 

rOVKD  IK  THE  " 

UtKK  or  TBR  DOO  I1IMKDIATEI.Y  AKTRR  rrS  BXTRACTIOff. 

Esperlnent. 

Time  nfter 

Tinwooaiumed  in 

ProeeM 

Proportion  of  rluc^ae 

faedlaff. 

taking  out  Uver. 

of  trratmaat. 

p«r  thousand  p^rr*. 

No.    1 

4  hours 

13  seconds 

Alcohol 

OIncose 

No.    2 

4  hours 

7  Bfcoiwls 

" 

" 

No.    3 

4  linara 

1ft  sec  on  da 

" 

«• 

Na    4 

4  hours 

4  .secomls 

II 

u 

No.    5 

8  liuure 

7  secohiifl 

II 

M 

No.    6 

8  lioiirs 

6  seconds 

II 

u 

No.    7 

4  hours 

5  eet'oncis 

Itoiling  Water 

u 

No.    8 

12  hoars 

6  Beconds 

" 

M 

No.    9 

12  hoars 

8  eeconda 

"            " 

w 

No.  10 

12  hours 

K  aecoitds 

1.            ., 

•I 

No.  U 

4  hours 

9  seconds 

Alcohol 

2.093 

No.  12 

4  hours 

6  seconds 

•• 

O.H(i4 

No.  13 

8  hoars 

7  seconds 

u 

1.750 

No.  14 

8  hoars 

3  seconds 

" 

InlO 

No.  15 

12  hours 

5  seconds 

" 

I.HIO 

No.  16 

12  hours 

5  Bpoomls 

" 

4.17.'> 

No.  17 

12  hoars 

7  seconds 

II 

1.830 

No.  18 

12  buura 

3  Bcconds 

1. 

4.37r> 

No.  19 

24  hoars 

5  seconds 

11 

3.8r)0 

No.  20 

24  boure 

4  seconds 

II 

2.675 

I 

I 


It  appears  from  these  results,  that  when  the  requisite  precautions  arc 
adopted,  glucose  is  found  in  the  liver  at  the  earliest  |x'riot1  at  which  it 
is  possible  to  examine  the  organ  after  its  separation  from  the  Iwdy  of 
the  living  animal ;  the  average  quantity  of  sugar  existing  in  the  liver 
tissue,  at  this  time,  being  at  least  two  and  a  half  parts  per  thousand. 
The  exact  projH>rlion  of  sugar  thus  i>resent  in  the  liver  at  the  instant 
of  death,  or  within  a  few  seconds  afli>rward,  varies  from  0804  to  4.375 

'  All  the  necesRury  dotnila  ot  this  process  sre  given  in  the  New  York  Medical 
Journal  for  July,  1871. 
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per  thousand.     These  variations  appear  to  depend  upon  individual 
ill^Tefences  in  the  atilmald  citiployed  for  experiment;  in  tli»  same  man- 
uer  OS  oilier  ingredients  of  the  tiswiios  and  fluids  are  found  to  varj', 
I       within  physiologi*!!!!  limit'*,  in  ditfereiit  indi\idual8. 

^K  As  sugar  is  found,  under  Home  eiicumstauces,  in  minute  quantity  in 
^Blic  bloo^t  of  the  general  circulation,  there  niiglit  be  room  for  doubt 
^Hrhcthcr  the  glucose,  prcwnt  in  the  liver  at  the  moment  of  death,  bo  not 
^ilue  to  the  arterial  bloud  with  wliich  the  organ  is  Bupplied,  rather  than, 
an  ingredient  of  the  lu-palie  tissue.  This,  however,  is  not  tiie  case,  as 
is  shown  by  examiniug,  at  the  same  time  with  the  liver  or  immediately 
^^^ftcrwanl,  some  other  abdontinid  organ  equnlly  well  supplied  with  arto- 
^Bial  bloo<l.  In  the  exjHrriiiients  above  described,  the  spleen  in  three 
^c*ase3    wa«  taken    out    within  ten   minutes    after   the   excision    of  the 

I  liver,  treatetl  in  tiie  same  maimer  by  the  alcohol  process,  uud  examined 
ft>r  glucose  with  the  following  result : 
L 


Exp.  No.  14. 1 
E.xp.No.l9.{^J 
Exp.  No.  20. 1 


At  the  end  of 
3  SCCOtulB 
10  minutes 


Propobtion  or  Glucose  rsa  Tnoi-SAND  Parts. 

In  the 
.    Liver    .        .    1.510 
.        .    Spleen  .        .    0. 

I  seoniuis Liver    .        .     3.850 

minutes  ....    S|ileea  .        .    0. 

4  gocoiids   .....     Liver    .        .     2.615 
10  minutes  ....     tipk'en  .         .     0. 

It  ift  evident,  accordingly,  that  the  liver  8U<|ar  does  not  belong  to  the 
arterial  blood  witli  which  the  orgaji  is  supplied,  but  ia  a  normal  ingre< 
lieiit  of  the  hepatic  tissue. 

The  sugar  forme*!  in  the  liver  is  similar  in  most  of  its  proportica  to 
the  glucose  derived  from  other  sources.     Its  solution   reatUly  reduces 
the  salts  of  copper  in  Trommer'sor  Fehling's  test,  and  is  colored  brown 
when  boiled  with  a  solution  of  caustic  alkali.     It  rapidly  enters  into 
fermentation  if  mixed  with  yeast  and  kept  at  a  temperature  of  from  21° 
1      to  38°  (70O  to  100->  F.).     It  is  distiiigidshed  from  other  varieties  of  sngar, 
^^bccording  to  Hernard,'  by  the  readiness  with  which  it  becomes  dceoin- 
B^k)sed  in  the  blood — since  cane  sugar,  if  injirUrd  into  the  circiilatiim  of 
I      »  living  animal,  passes  through  the  system  without  sensible  decorap^jsi- 
'       tion,  and  is  discharged  inichMUged  with  the  urine;  sugar  of  milk,  and 
glucose  prepared  artiJieially  from  starch,  if  injected  in  modGrate  (quan- 
tity, are  decomposeil  in  the  blood,  but   if  introduced  in  greater  abuml- 
ance,  make  their  api>earanee  also  in  the  urine;  while  a  solution  of  liver- 
sugar,  though  injected  in  much  larger  quantity  than  either  of  the  othere, 
m.iy  disappear  altogether  in  the  circulation,  without  passing  off  b)'  the 
lidneys. 
Ahnorption  and  final  Duappearance  of  the.  Liver-sugar. — The  glu- 
pro<luce<l  in  the  liver  by  transformation  of  the  glycogen  docs  not 


Le<;ons  de  Physiologic  Exp^rimentale.     Paris,  1855,  p.  213. 
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remain  at  the  place  of  its  fomnntion.     It  ia  constantly  absorbed  by  tbe 
blood  traversiiiiT  the  cnpilhuk-s  of  the  organ,  and  carried  away  in  the 
current  of  the  circulution.     This  in  shown  by  the  fact  that  not  only  the 
li\or  tissue,  but  also  tlic  blootl  of  tlie  hepatic  Vfjii  contains  glucose  in 
appreciable  quantity,  idthougb  it  luuy  not  exist  in  the  portal  blood  by 
■which  the  organ  it*  supplied.     As  the  blood  accordingly,  before  its  en*' 
trance  into  the  liver^  in  these  cases,  is  destitute  of  sugar,  and  yet  coi. 
tains  this  substance  after  ita  passage  through  tbe  organ,  it  roust  acquire 
Jl8  eaccbariiie  ingredients   by  the   absorintioii  of  glucose   in   the    livi-r, 
ittself.     liurnanl  has  shown'  that  if  tv,o  specimens,  of  portal  and  hepatic 
blood,  he  taken  from  tlie  same  dog,  w  lien  in  a  fasting  condition  ur  after 
an  exclusive  diet  of  animal  food,  the  former  will  sbow  no  trace  of  sugar, 
white  tbe  hitter  will  lie  distinctly  saccharine,     Lditunnn-  has  oblainecl 
similar  results  by  esi>erimi.'ntiug  upon  both  dogs  and  horses.     In  theses 
animals,  nourished  with  vegetalile  matters,  glucose  was  found  in  tbe 
hb>od  of  the  portal   vein,  though  often  in  very  small   quantities.     In 
dogs,  when  uuder  a  diet  of  animal  food,  the  portal  bSood  containi'd  no 
glucose,  while  this  substance  was  ijiescut  in  the  blood  of  the  hepatic 
vein.     Tbe  following  table  gives  the  results  of  Lebmann'a  exjwriments: 

QtrAfrrmr  or  Glucosk  iw  thr  RLoon  np  thb  Hepatic  Vein,  as  coxparkd  wmi 

THAT  or  TBB  PoRTAL  YltUt. 


Re^lm^n  pr^Tloni  to  the 

Proportion  of  flucoiF  per  thouanad  n^r^» 

in  the  blotxl  of  tbe 

6p»el8!i 

of  atilmaL 

experimeot. 

PortAl  vein. 

Hepatte  rein. 

Dog 

Fan t tag  for  two  days 

0 

7.640 

" 

•k                     ut                    •« 

0 

6.3B0 

" 

U                     *i                    *i 

0 

8.040 

u 

Meat 

0 

S.140 

" 

'• 

0 

7.990 

u 

n 

0 

9.460 

M 

Boiled  potatoes 

Traces 

9.810 

14 

i(                       *t 

•* 

8.540 

Horse 

Bran,  hay,  and  straw 

0.550 

8.950 

><        •»         «+ 

0.053 

6.350 

Glucose,  acconlingtj',  although  constantly  [)rodiiced  in  tbe  liver,  does 
not  accumulate  in  the  organ  during  life,  owing  to  its  being  absorbed 
by  the  bloml,  and  carried  away  nearly  as  rapidly  as  it  is  formed.  It  is 
only  after  death,  wlien  the  circulatinii  haa  conic  to  an  encl  and  the  trans- 
fnrmatton  of  glycogen  still  goes  on  lor  a  time,  that  the  pro|K)rtion  of 
glucose  in  the  liver  tissue  becomes  notably  increased.  The  circulation 
of  blood  through  the  organ,  so  long  as  it  continues,  acts  like  an  artificial 
watery  injection  of  the  hepatic  vessels,  and  extracts  from  its  substance 
the  sugar  which  has  been  produced  at  the  expense  of  the  glycogen. 

'  LeQona  de  Pliyaiologie  Experimertale.     Paria,  185.1,  p.  2fi.T,  4fi9. 

•  Comptes  Renda4  de  rAcademiedoa  Scieaoe*.    Paris,  1855.    Tome  xl.  p.  585. 
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Unless,  therefore,  a  new  Hiipply  of  food  be  taken,  all  the  glycogen  of  the 
liver,  as  shown  by  exi>eriuK'nts  citt'fl  above,  bocomcs  alter  a  time  ex- 
^_  hausted  ;  having  gradually  undergone  the  tjacehariue  tniusfonnation  and 
^■absorption  by  the  blaoth esseis. 

^H      Owing  to  these  processes  going  on  in  the  hepatic  tissue,  the  blood 

|^Bt>eyond  the  liver,  that  is,  the  blood  In  the  hepatic  ve[^»,  the  inljerior  vena 

cava  above  the  diaphnigm,  and  the  right  side  of  the  heart,  contains 

traces  of  glucose.     The  jjroportion  uf  sugar  in  the  blood,  Timi-ever,  con- 

_       stantly  diminishes  as  it  recedes  from  the  point  of  its  origin,  sinee  the 

j^ft  saccharine  blood  coming  from  the  liver  is  diluted  with  Ihat  o("  the  inferior 

^"  vena  cava,  and  this  mixture  again  with  that  of  the  auperior  vena  cava, 

before  reaching  the  right  cavities  of  the  heart.     Beyond  tlie  pulmonary 

circulation,  under  ortlitmiy  circumstancesi,  IL  hiis  disap|)eared  altogothtT, 

BO  tlmt  no  sugar  is  to  be  found,  an  a  rule,  in   the  blood  of  the  general 

k  circulation. 
The  changes,  therefore,  which  take  place  in  the  liver,  so  far  as  regards 
the  carbol»>'drates,  consist,  first,  in  a  deposit  of  glycogen,  derived  fri»m 
the  ingredients  of  the  blood.  This  glycogou  acts  as  a  reserve  niateri:d, 
which  is  afterward  used  for  the  piirj>oses  of  nutrition.  The  vegetalde 
starch  and  sugar  of  the  foo<l,  after  digestion,  are  absorbed  under  the 
form  of  glucose  and  taken  up  by  the  vessels  of  the  porta!  83'9tem.  This 
glucose  does  not  at  once  enter  tlie  general  circulation,  but  on  reaching 
the  liver  undergoes,  for  the  mo«t  part,  a  conversion  and  deposit  as 
^—glycogen,  or  animal  starch.  It  then  gradually  again  passes  into  the 
^Hform  of  glucose  by  a  secondary  transformation,  and  in  this  form  is 
carried  away  by  the  hepatic  blootl,  to  be  finally  decomposed  or  assimi- 
lated in  some  unkm>wn  manner  for  the  raaintenauee  of  the  vital  plie- 
nomena.  The  final  product  of  its  metamorphosis  or  destruction  in  the 
animal  bof]>' ii*  undoubtedly  carbonic  acid  and  the  elements  of  water; 
but  how  far  this  is  accomplished  by  direct  oxidation,  or  what  other 
intermediate  changes  may  occur  in  the  act  of  nutrition,  cannot  as  yet  be 

IJetcrmined  with  certainty. 
I    Similar  successive  transformations  of   the  starchy  and   saccharine 
carbohydrates  are  alrea<ly  known  to  take  i»lace  in  vegetables.     In  the 
growing  plant,  under  various  conditions,  the  starch,  first  formed  in  the 
green  leaves,  passes  into  the  condition  of  a  saccharine  fluid  to  be  trans- 
ported into  organs  of  reserve,  such  as  tuberous  roots,  grains, and  fniits, 
where  it  is  again  deposited  as  starch;  and  from  these  it  is  subsequently 
taken  up  at  the  requisite  time  as  glucose,  and  carried  by  the  vascular 
^—^^Jiannelfl  into  the  growing  organs  fur  its  final  destruction  or  assimita- 
^^Hon.'     Starch  and  sugar,  therefore,  in  animals  as  well  as  in  vegetables, 
^^■re  to  be  regar<led  as  two  different  forms  of  the  same  nutritive  substanceA 
^Bbne  of  which  is  in  the  condition  of  temporary  deposit,  the  other  iu  thaty 
uf  solution  and  activity. 


k 


'  Msyer,  Lehrbuch  der  Agrikulttir  Chemie. 
78,  81. 


Heidelberg,  18T1.  Band  i.  pp.  78, 
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Accumulation  of  Glucose  in  the  Bloody  and  its  discharge  hy  the  Urive. 
— The  sugar  foiined  from  tlie glycogen  of  the  liver,  and  <UschargtJ  little 
by  little  into  th«  circiilalion,  ia  uot  usually  recognizable  at  a  distant 
from  the  organ,  owinj;  to  the  ciianges  which  it  undergoes  in  the  bloo«l. 
But  under  certain  conditious  its  quantily,  or  the  rapidity  of  its  dis- 
charge b}'  tlie  liver,  may  be  inereased  ;  so  that,  its  deeomposition  no 
lunger  keeping  pace  with  its  production,  it  is  ditTlised  to  a  grea.ler  dis- 
tnnee  fruui  the  point  of  its  origin.  Beniard  has  observed  thia  to  take 
place,  in  an  iipprLeiaMe  degree,  during  ordinary  digestion.  In  this  pva- 
cess,  tlie  circulation  through  the  liver  being  increased  in  intcnsitj^  after 
a  time  the  glucose  derived  from  its  substance  may  become  perceptible 
in  Bmall  quantity  beyond  the  lungs,  and  traces  of  it  tnay  ai»|)ear  in  the 
arteri:il  blood.  At  the  Rniiie  time  its  alteration  continues  to  be  elloeted, 
so  that  the  venous  blood,  after  passing  through  the  eapillariea  of  the 
general  Bystem,  is  no  longer  saccharine.  Tliis  comlition  lasts  hut  for  a 
Bliot't  time.  A  a  the  digestive  process  cornea  to  an  end,  and  the  hepatic 
dreutation  returns  to  its  ordinary  stntidnnl  of  activity,  the  glucose 
whieh  it  su|vplies  to  the  blood  is  again  reduced  to  sueh  a  proportion,  that 
it  disappears  altogether  from  the  rascular  system  beyond  the  right  side 
of  the  heart. 

ll\  however,  from  any  cnuse,  the  quantity  of  glucose  in  the  blood  of 
the  general  circulation  be  increased  beyond  a  certain  proportion,  it  then 
fails  to  be  completely  decomposed  or  assimilated,  an<l  a  part  of  it  is  dis- 
charged by  the  kidneya.  Under  these  circumstances  the  urine  becomes 
Baceharine,  and  the  animal  is  pliieed  in  n  condition  of  diabetes.  Thi- 
proportion  of  glucose  which  thx;  blood  must  contain,  in  order  that  it  may 
be  discharged  by  the  kicJneys,  has  been  rletermiued  in  several  instances. 
Von  Decker  found'  that  in  rabbits,  if  glucose  be  present  in  the  blood  in 
the  projiortion  of  5  parts  per  thousand,  it  passes  otf  bj'  the  urine,  where 
it  may  be  distinctly  recognized  ljy  the  copper  test ;  hut  if  less  abun<lant 
than  Ihis,  the  indications  of  its  presence  in  the  urine  are  faint  and  un- 
certain. Bernard  ascertained,'  by  injecting  in  the  same  animal  a  solu- 
tion of  glucose  into  the  veins,  that  in  general  a  condition  of  diabetes* 
Yfas  produced  when  glucose  was  injected  in  larger  quantity  than  one  part 
per  thousand  of  the  entire  bodily  weight.  The  nppeanmce  of  gluct)80  in 
the  urine  is  therefore  dependent  upon  the  proportion  in  which  it  exists 
in  the  blood.  If  its  quantity  be  below  a  certain  point,  it  is  all  decom- 
posed by  contact  with  the  ingredients  of  the  blood;  if  it  be  above  this 
point,  fiinne  of  it  escapes  this  change  and  is  then  eliminnted  as  an  in- 
gredient of  the  urine.  According  to  the  ex|>criments  of  Von  Becker,  a 
solution  of  glucose,  injected  Into  the  jugular  vein  of  the  rabbit  in  sufli- 
cient  quantity,  may  cause  the  appearance  of  sugar  in  the  urine  in  less 
than  three  hours ;  but  at  the  end  of  from  six  to  seven  hours  the  whole 

'  Zeitscbrift  fUr  Wissenachaftliche  Zoologie,  Band  v.  p.  176. 

'  Lccons  Bur  les  Liquides  de  TOrgaoisme.     Paris,  1859,  tome  ii.  p.  73. 
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of  it  may  be  eliminnted,  so  that  it  is  no  longer  to  be  found  as  an  ingre- 
dient of  the  excretions. 

TUere  arc  a  variety  '»f  circinui^tnnces  whicli  may  bo  increase  tlie  pro- 
portion of  glucose  in  the  blood  an  to  cause  a  Buccbarinc  condition  of  tlic 
urine. 

I.  One  of  these  causes  isan  umtsuaHt/  abttiufant  a/id  rapid  absorption 
of  gugnr  from  the.  intestine.  The  sugar  taken  in  with  the  food,  or  pro- 
ciucL'd  itv  the  intestine  by  the  transCoruiation  of  starch,  is  usunlly  changed 
into  giycogLMi  by  tiie  hepatic  tissue,  and  is  aftcrwaiil  only  slowly  recon- 
verted into  glucose  and  discharged  under  this  form  into  the  blood,  liut 
where  a  very  large  quantity  of  sugar  is  suddenly  absorbed  by  the  blood- 
vcsBcla  of  the  intestine  and  at  i>nce  rairiud  liy  the  portal  vein  to  the 
liver,  the  tissue  of  the  organ  is  luit  capable  of  imme<liately  converting 
the  whole  of  it  into  glycogen.  Thus  a  portion  of  the  sugar  taken  up 
in  this  way  passes  through  the  hepatic  oireulation  unehangec],and,  reach- 
ing the  general  circulation  in  unusual  (lunntity,  is  accordingly  discharged 
with  the  urine.  Von  Ik-oktr  obsi-rved  thutwlifu  concentrated  solutions 
of  glucose  are  introduced  in  abuiulance  into  the  iutesttiial  canal  of  the 
rabbit,  it  may  appt'nr  subsequently  in  the  urine.  Bemanl  has  also  found 
that,  in  the  ratibit  after  one  or  two  days'  fasting,  if  sugar  in  large  amount 
be  injected  into  the  stoniacli,  tlie  urine  becomes  diabetic;  and  that  the 
same  result  may  foiiuw,  if  the  nnimal,  in  a  similar  fasting  condition,  be 
made  to  eat  a  considerable  quantity  of  carrots,  which  are  highly  saccha- 
rine. The  same  thing  has  been  observed  by  Bernard  in  the  human  snl> 
ject,  in  conse<p>enee  of  taking  a  large  supply  of  sugar  in  solution  w^hen 
the  Btiiraaeh  has  been  empty  for  several  hours.  This  result  is  produced, 
however,  only  when  a  much  greater  abundance  of  sugar  is  present  in 
the  intestine  than  occurs  in  ordinary  digestion,  and  depends  upon  the 
excessive  quantity  absorlted  within  a  given  time. 

II.  A  diabetic  condition  may  also  be  Induced  by  anything  which 
hasterm  the  cirvulation  of  blood  iJirough  the  liver^  or  increases  its  supply 
of  blood.  Many  observers  have  met  with  this  result,  as  produced  by  a 
variety  of  causes.  Hernanl  has  found  that  in  dogs  the  blood  of  the 
venous  system  generally  may  present  traces  of  glucose  after  the  abdo- 
men of  the  animal  has  been  subjected  to  pressure  or  manipulation  over 
tlie  region  of  the  liver,  and  after  nny  continued  struggles  or  convulsive 
muscular  action,  by  wliioh  tlie  abdominal  organs  are  forcibly  compressed 
In  the  same  animal,  according  to  the  experiments  of  Hurley,  the  injec- 
tion of  weak  solutions  of  ammonia  or  of  ether  into  the  portal  vein  may 
be  followed  by  a  saccharine  eonditicm  of  the  urine.  This  condition  has 
al'so  lu'cn  seen  in  the  human  subject  after  a  bruise  receiv-.'fl  n])oii  the 
right  hy|)Ochotiidriac;  region.     The  resistance  of  an  animal  to  the  inhala- 

ion  of  ether  ami  the  subsequent  muscular  relaxation,  general  paralysis 

m  a  fracture  of  the  skull  with  cerebral  hemorrhage,  and  the  action  of 

'wofirara^  or  the  South  .\  merJcan  arrow-poison,  which  also  causes  complete 

muscular  puraJy&is,  are  all  known  to  be  sometimes  followed  by  the  ap- 
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pearance  of  sugar  in  the  urine.  Scliiff'  has  even  found  that  in  various 
animals,  bv  simply  con)t>ri->s8iiig  the  alKlomiiial  fiortiv  for  ten  minutes,  or 
by  tying  tla'  piiufipal  blo(xhesscl8  of  one  limb,  lie  bus  induced,  for  the 
time,  a  condition  of  diabetes.  These  different  causes  may  all  operate 
by  acuelerntiiig  the  hepatic  cireulntion  as  well  as  that  of  the  abdominal 
organa  genfr:dly. 

liL  A  saccharine  condition  of  the  blooil  and  urine  maj' also  l>e  in- 
duced by  puncture  of  the  medulla  oblongata  in  the  floor  of  the  fourth 
vertriele.  Tliia  remarkable  fact,  wlilch  was  first  discovered  by  Uemard,' 
may  Iw  demoustrated  in  both  carnivorous  ami  herbivorous  animals.  It 
is  best  shown  in  the  rabbit  by  introducing  a  narrow  chisel-shaped 
instrument,  with  the  cutting  edge  directed  transversely,  through  the 
back  part  of  the  skull  and  the  ccrebulluin,  so  that  it  shall  pierce  the  pos- 
terior part  of  the  medulla  exactly  in  the  median  tine,  without  passing 
Com|iletely  thrnugh  its  Bubstanrt'.  fJlucose  appears  in  the  urine  after 
from  one  to  two  hours  and  continues  to  be  present  for  two  or  three  d.iys. 
The  immedinte  effect  of  this  operation,  according  to  the  direct  observac 
tions  of  Uernanl,  is  to  increase  the  activity  of  the  ftbdominal  and 
hepatic  cireulution.  It  is  not  due  to  a  direct  influence  conveyed  by  the 
pneumogastric  nerve,  niuce  the  result  follows,  as  usual,  although  the 
l)neum()gastrie  iiervet*  may  have  been  divided,  and  neitlier  division  nor 
irritation  of  tlieue  nerves  produces  a  similar  effect.  Wlien  successfully 
performed,  the  operation  causes  no  serious  disturbance  of  the  vital 
fimctions,  anil  the  animal  recovers  after  a  few  days  without  suffering 
permanent  injury. 

In  all  the  in-^tiinces  above  mentioned,  tlie  appearance  of  sugar  in  the 
urine  is  only  temponiry,  dcpemling  upon  an  uccasiunal  disturbance  of 
the  einnilation.  When  in  the  htiman  subject  this  condition  Incomes 
permanent,  it  constittitca  the  disease  known  as  Diobelns  meUilua.  In 
this  affection,  which'  is  generally  progressive  and  fatal,  the  urine  is 
increased  in  quantity,  of  greater  sjveeific  gravity  than  natural,  and 
continuously  charged  with  sugar,  sometimes  in  excessive  abundance. 
Fluctuations  are  observable  in  the  quantity  of  glucose  discharged  at 
different  periods  of  ttie  digestive  process,  but  it  may  continue  to  ap(»ear, 
even  when  no  starchy  or  saccharine  matter  is  taken  with  the  food. 

'  Joamal  de  I'Anatomie  et  de  la  Phyaiolopie.     Paris.  1866.  No.  iv.  p.  36ft. 
■  LeQons  dn  Physiologie  Expirimenlale.     Pari*.  1855,  p.  290. 


CHAPTER    XII. 


THE    BLOOD. 


Thf  tilood,  in  its  natural  con<1itTon,  while  circulating  in  the  vessels, 

a  thick  opaque  fluid,  vai yiutr  in  dilfercnt  parts  of  the  IkmIv  Trom  a 
brilliriiit  Hcarlft  to  a  dark  purplt'  or  nciirly  bliick  color.  It  has  !i  sliplitly 
alkaline  reaction,  and  a  itjiecitic  gravity  of  1055.  Jt  consists,  first,  of  a 
nearly  colorless,  transparent,  alkaline  fluid,  termd  the  ptaHma,  containing 
water,  fibrinp,  albumen,  and  wilts,  in  a  fluid  con<lition ;  and,  secondly,  of 
a  larpe  numlH?r  of  distinct  cells,  or  corpuscles,  the  blood-globniei^,  swim- 
ming freely  in  the  liquid  plasma.  The  globules  form  aijout  40  per  cent., 
and  the  plasma  about  GO  per  cent,  by  volume,  of  the  entire  mass.  The 
specific  gravity  of  the  two  ingredients  is  somewhat  different.  That  of 
the  plasma  is  about  1030;  that  of  the  globules,  1088.  Tlieir  relative 
quantities,  by  weight,  are  therefore  more  nearly  equal  to  each  other  than 
when  estimated  by  volume;  the  exact  proportions,  according  to  Robin, 
being  nearly  45  per  cent,  of  globules  and  55  per  cent,  of  plasma. 

Notwithstanding  the  ditferencc  in  s|>ecinc  gravity  lictween  the  blood- 
globules  and  the  plasma,  the  natural  mo%x*meQt  of  the  blood  in  the 
vessels  keeps  them  thoroughly  mingled ;  and  even  when  the  blootl  ia 
allowed  to  remain  at  rest  in  a  glass  jar,  the  globules  subside  only  very 
slowly  and  imjterfectly.  Thus  the  globules,  disseminated  uniformly 
throughout  the  plasma,  give  to  the  entire  mass  of  the  bloo*l  an  opa<iue 
I      asitect  and  a  deep  red  color. 

The  globules  of  the  blood  are  of  two  kinds,  namely,  red  and  white; 
of  these  the  red  are  by  far  the  most  numerous. 

tRed  Olobules  of  the  Blood. 
The  red  globules  of  human  bloo^l  are  so  abundant  that,  in  the  thinnest 
yer  under  tiie  microscope,  they  npfH.'ar  crowded  together  in  such  profu- 
sion as  to  cover  or  touch  each  other  in  every  direction.     According  to 
the  estimates  of  Welcker  and  Vierordt  about  5  millions  of  Ihera  are  con- 
^^ained  in  each  cjibic  millimetre  of  blood.     On  account  of  their  quantity 
^Bherefore,  as  well  as  tl^ir  i>ecu]iar  properties,  it  is  evident  that  they 
^lorra  a  most  imiwrtant  constituent  of  the  circul.qting  fluid. 

rhtjfical  Properties  of  the  Red  Olobulpn. — The  red  globnlea  of  hu- 
man blood  present,  under  the  microscope,  a  perfectly  circular  outline 
wd  a  smooth  exterior.  According  to  the  most  recent  and  careful  mea- 
surements of  various  observers,  they  have,  on  the  average,  a  transverse 
diameter  of  from  7.50  to  7-75  mmm.  Their  sire  varies  more  or  less, 
wt  this  variation  is  not  very  marke^l  for  the  greater  number  of  the 
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globules,  and,  according  to  the  observations  of  Scliiniclt,  over  90  per 
cent,  of  Umse  contained  in  a  single  specimen  have  the  same  rlimeusioD.s. 
The  smallest  size  observed  is  4.5K  nimm.  (Ilarting),  an<l  the  largest  9.3 

mram.;  while  their  avt-rnge  di- 
FJp-  "fi-  araeU'r,  as    found   in    different 

individuals,  varies  from  6.70  to 
8  20  mmm. 

The  form  of  the  red  globule 
is  that  of  a  sphiToid,  very  macli 
flattened  on  its  opposite  sur- 
fiiees,  somewhat  like  a  thick 
piece  of  muney  with  roundi'<l 
etlges.  The  globule  acconlingly, 
if  seen  flatwise,  presents  a  com- 
paratively broad  surface  and  a 
ciietilar  outline  (Fig.  7*i,  a); 
but  if  it  be  made  to  roll  over, 
it  will  present  itself  edgewiiMa 
during  its  rotation,  and  assume 
the  flattened  form  indicated 
at  6.  The  thickness  of  the 
globule,  seen  tit  this  position, 
is  abont  one-fifth  of  its  transverse  diaraeter.  When  the  globules  are 
examinetl  lying  upon  their  broad  surfaces,  it  can  be  seen  that  these 

surfaces    are    not    exactly   flat, 
Pig.  77.  but  that  there  is  on  each  side  a 

slight  central  depression,  so  that 
the  rounded  edges  of  the  bloo<l- 
globiile  are  evidently  thicker 
than  its  middle  portion.  This 
inequality  produces  a  remarka- 
ble optical  etfeet.  The  substoncc 
of  which  the  blood-^loliule  is 
composed  refracts  liglit  more 
strongly  than  the  fluid  plasma. 
Therefore,  when  examincfl  with 
tlie  microscoj>e  by  trnnsmitte<l 
light,  the  thick  erlges  of  the 
globules  net  as  double  convex 
lenaeB,  and  concentrate  the  light 
above  t!ie  level  of  tl»«  fluid. 
Consequently,  if  the  object-glass 
be  carried  upwm-d  by  the  ad- 
justing screw  of  the  microscope,  and  lifted  away  from  the  stage,  so  that 
the  blood-globules  fall  beyond  its  focus,  their  edge*?  will  appear  brighter. 
But  the  ceiitral  portion  of  each  globule,  being  excavated  on  both  sides, 
acts  as  a  double  concave  lens,  and  disperses  the  light  from  a  point  be- 
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>w  the  level  of  the  fluid.      It  thus  becomes  l>righter  as  the  object- 
99  is  carrieti  downward,  aiul  the  object  falls  within  its  focua.     An 

Itemating   a|>peariince   of  the 
blo<Ml-glubiiles    may,  theretbre^  Fi^.  78. 

be  produced  by  viuwiiitr  them 
first  bi'voiid  and  theu  within  the 
fitcus  of  the  instrumeiit.  When 
^»eyond  the  focus,  tlie  globules 
will  hv  seen  with  a  bright  rim 
and  a  dark  centre  (Fig.  17). 
When  within  it,  they  will  njipcar 
with  a  dark  rim  and  a  bright 
centre.  (Fig.  7S.) 

Within  a  minute  after  being 
placed  under  the  microscope, 
I  he  blou<l-g!ubuIea,  nfttM-  a  fluc- 
tuating movement  of  short  du- 
ration, i>ft<.'n  arriuige  therast'h'ea 
in  slightly  curved  rows  or  chains, 
in  which  they  adhere  to  each 
other  by  their  Hut  surfaces.  |>rfsenting  an  appearance  which  has  been 
.aptly  comparerl  with  that  of  rolls  ol'  coin.     This  is  probably  owing  to 

le   coagulation   of  the   blood, 


Tbk  Sakk,  Mea  a  llttl«  within  tlie  foeutt 


rhioh  takes  place  very  rapidly 
when  spread  out  in  thin  Inyers 
and  in  contact  with  glass  sur- 
faces ;  and  w  hich,  by  compress- 
ing   the    globules,  forces   thera 
into  such  a  position  that  they 
^occupy  tlie  least  possible  «]iace. 
^V  '^^^  color  of  the  blood-glob- 
^^les,  when  viewed  by  transmit- 
ted light  and  in  a  tliin  layer,  is 
a  light  auibrr   or  pale  j-ellow. 
^Jt  is  deep  red  when  seen  by  re- 
^■ected  light,  or  in  thick  layers* 
^^"ho  bloo<l-globule8  have  a  con- 
sistency which    is  very    nearly 
^Mnid       They   are    exeec<lingly 
^^exible,   and   easily  elongated, 
l)ent,  or  distorted  by  pressure 


Fig.  79. 
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Kbd  OLonvLKfl  or  tok  Blood,  adheriof 
together,  lllce  rolls  of  eoln. 


in  passing  through  the  nurcow  currents  of  fluid  which  often  establish 
tbemselves  in  a  tlrop  of  blood  under  microscopic  examination;  but  re- 
gain their  original  fihai>e  as  soon  as  the  pressure  is  Uiken  off. 

So  far  as  immediate  observation  can  show,  the  red  globules  of  the 
lood,  in  man  and  the  mammalians,  are  homogeneous  in  structure.     The 
most  careful  examination  fails  to  show,  with  any  certainty,  the  evidenoe 
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of  an  external  envelope,  diatiuct  from  the  parts  contained  within  it; 
and  altlioufjh  some  microscopists  of  hisrh  autLority  (Kdlliker,  Hicbani- 
Hon)  conlima'  to  regard  the  existenL-e  oC  siieh  a  ceil-nienil)rane  as  proba- 
ble, it  is  not  generally  admitted,  and  caimot  be  directly  demoQstrmte<l. 

Karh  globule  np|x;ar8  to  con- 
Fig.  80.  gist  of  a  mass  of  organic  8ul>- 
stnnce,  presenting:  the  same 
color,  consistency,  and  compo- 
siliun  throughout. 

The  appt'araiife  of  the  blootl- 
globule.s  ia  altered  by  varioufl 
phyaica!  and  chemical  reagent* 
If  a  drop  of  blood,  when  placed 
under  the  inicroscojie,  he  not 
[jroteeted  from  evaporation,  the 
globules  uear  the  edges  of  the 
preparation  otlen  diminisb  in 
size,  bi»coming  Bhrivelle<l  and 
crenate<l,  [HtL'Senliug  an  iip]jear- 
ance  as  if  minute  granules  were 
projecting  from  their  surfaces; 
an  effect  apparently  proiluced 
by  tile  loss  of  a  jmrt  of  their 
watery  ingredient^t.  This  distortion  of  the  globules  sometimes  takes 
place  with  great  rapidity,  and  care  is  requisite  not  to  confound  a  change 
produeeii  by  external  jihysieiil  eauaes  with  morbid  alteration  of  the  in- 
gredients of  the  blood.  AccoHing  to  the  obnefvations  of  Kolliker,  this, 
as  well  as  certain  other  abnormal  forms  jiresented  by  the  bloo<l-globules, 
is  never  to  be  seen  in  the  blood  while  ciri-ulating  in  tlie  vessels. 

If  water,  on  the  otiier  hand,  be  added  to  the  blood,  so  as  to  dilute  the 
plasma,  tlie  red  gluliules  absorb  it  b^'  imbibition,  lose  the  central  eon- 
cAvity  of  iheir  flat  surfaces,  assume  the  spherical  form,  and  bi'come 
paler.  If  a  larger  quantity  of  water  be  addetl,  it  may  dissolve  out  com- 
jjletely  the  coloring  matter,  leaving  the  globides  as  pale,  colorless  cii-cles, 
which  are  aJmost  invisible  on  account  of  their  tenuity.  They  may  still, 
however,  be  brought  into  view  by  the  additicm  of  an  iotline  solution, 
which  stains  them  of  a  yellowish  color.  If  tlie  water  abided  to  the 
blood  be  moderate  in  quantity,  just  suffleient  to  Iw  t^iken  up  by  imbibi- 
tion by  !ho  globules,  but  not  to  extract  their  coloring  matter,  a  special 
change  in  their  fonii  is  exhibited.  ^I'he  islges  of  the  globules,  being 
thicker  than  the  central  portions,  and  absorbing  water  more  abun- 
dantly, become  turgid,  and  encroach  gradually  upon  the  central  part. 
{Fig.  81.)  It  is  very  comniuii  to  see  the  central  de|)ression,  under  the^e 
circumstances,  disapi)ear  on  one  side  before  it  is  lost  on  the  other,  so 
that  the  globule,  as  it  swells  up,  curls  over  toward  one  side,  and 
assumes  a  peculiar  cup-sJiajx^l  form.  (Fig.  81,  a,  a.)  This  figure  may 
often  be  seen  in  blood-globules  after  soaking  for  some  time  in  the  uriiie, 
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or  other  animal  fluids  of  lens  density  than  the  plasma  of  the  blood. 
Dilute  acetic  acid,  adiled  to  the  Moo<l,  instantly  extracts  the  coloring 
matter  of  the  rt^l  glubules,  reducing  them  to  the  couditiuu  of  pnle  ami 
nearly  inviisiblecolorless  liodies, 

acr    the    action    of    water,  ^'»?-  *^'- 

lowever,  tlieae  colorlebs  cells 
remain  for  a  long  time,  and  are 
dissolved  very  slowly  in  com- 
pariBon  with  the  culuriug  mat- 
ter. 

Dilute  alkaline  solutions,  on 

e  contrary,  dissolve  roatlily 
the  whole  substance  of  the 
bliKxl-globules.  A  solution  of 
)>otas8ium  hydrate,  iu  the  pro- 
portion of  ten  [K-r  cent.,  acts 
moat  rapidly  in  lliis  manner. 
Solutions  of  soda  niid  ammonia 
have  a  similar  etiuet,  although 
less  promptly  than  the  preced- 
ing. 

^^^  Solutions  of  sodium  glycocholate  or  taurocholate,  in  any  gra<le  of 
^Concentration,  or  of  the  fresh  bile  it^lf,  an  shown  by  Kuhne,  have  also 
^"ihe  property  of  dissolving  completely  the  red  globules  of  the  blood. 

Coinjx»ntton  of  the  lied  Gbjbulfn. — The  red  globules  are  composct: 
an  all)umiiioua  and  a  coloring  matter,  tugetliiT  with  minend  salts  and 

rtaia  proportiun  of  water.     According  to  Lehaianii,  the  water  of  the 

I  globules  amounts  to  C88  per  thousand  parts,  and  a  littic  over  8 
|inrt»  por  thous.and  consist  of  mineral  sfdti*,  namely,  Hodinin  aii<l  jvotas- 
6ium  chlorides,  phosphates,  and  sulphates,  together  with  litue  and  mag 
ne!).ium  phosphates. 

Hy  far  the  most  important  ingredient  of  the  red  globules  is  undoubt* 
«clly  their  coloring  maltcr,  or  fit'inntjlobint',  the  main  characters  of  which 
have  bii-n  described  in  Ciiapler  V.  According  to  the  ehtimatc!*  of 
Preyer,'  founded  upon  the  observed  quantity  of  iron  as  an  ingiedient, 
the  average  proiKirtion  of  hemoglobine  in  healthy  human  blooti  is  12.34 
per  cent.  As  the  globules  themselves  constitute  45  jier  cent  of  the 
whole  blood,  the  quantity  of  hemoglobine  in  e.'ieh  blood  ghdnde  is 
about  2T  per  cent,  of  its  entire  mass,  or  86  per  cent,  of  its  solid  ingre' 
dients.  It  is,  accordingly,  ns  regards  its  quantity,  the  principal  substance 
of  which  the  globules  are  composed. 

In  the  fresh  globuh*,  the  hemoglobine  is  unitt'd  with  another  substance 

irhicli  is  colorless  and  undoubtedly  albinninona  in  its  nature,  nnd  which 

irma  a  substratum  for  the  other  ingredients  of  the  globules.     This 

lorlesa  matter  is  less  soluble  in  water  than  the  hemoglobine,  and  it  i» 

•  Die  Blutkrystalle,  Jena,  1871,  p.  117. 
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owing  to  this  fact,  already  mentioned,  tliat  when  water  is  added  to 
the  blood  in  sultiuieut  qiumtlty,  the  heinoyloltiiie  may  be  entirely  ex- 
tracted from  tlie  giohules  in  a  state  of  sttlutinn,  leaving  behind  the 
colorless  substratiiiu,  ujueii  leditcal  in  voliiiue,  but  still  remaiiiing 
undissolveil  for  a  coubiderablu  time.  The  exact  physical  couditioii  oi 
the  bemuglobine  iti  the  blotnl-globitle  and  its  mode  of  union  with  the 
colorless  suhatratnra  are  not  positively  known.  Preycr  calculates  thai 
the  water  of  the  bloud-glubiile  is  quite  insutlicient  in  quantity  to  hold  iu 
solution,  by  it&eif,  tlie  hemoglobine  whicli  is  present;  and,  according  to 
the  same  observer,  it  cannot  exist  in  the  bluod-globnlcs  in  a  solid  form,' 
since  the  crystals  of  liemoglobiiie  are  always  doubly  refracting,  while 
the  fresh  globules  tliemst-lves  are  never  so.  i^o  fur  as  we  can  judge,  the 
two  sulistances  are  united  iinifarmly  throughout  the  mass,  in  a  condition 
of  thick  or  tenacious  serai -fluidity  ]  but  the  hemoglubine  is  more  easily 
affected  by  various  artiOcial  dissolving  ageuts,  and  by  this  means  may  be 
extracted  frnm  the  mass  of  the  globule. 

Hemoglobine  is  remaik:ible  for  the  avidity  with  which  it  absorbs 
oxygen  whenever,  either  as  constituent  of  the  blood-globules  or  in  the 
form  of  solution,  it  is  brought  in  contact  with  this  gas  or  with  atmo- 
spheric air.  The  brilliant  red  color  presented  liy  its  solutions  depends 
upon  the  cinantity  of  oxygen  present ;  for  if  tliis  substance  be  exhauster) 
by  means  of  the  nir-pump,  the  application  of  heat,  or  the  displacing 
action  of  an  ijidiflerent  gas,  the  clear  scarlet  hue  of  the  solution  dis- 
appears and  is  replaced  by  41  didl  red  or  purple  color. 

Solutions  of  pure  heiiuiglohine,  as  well  as  the  blood-globules  them- 
selves, or  tlilute<l  mixtures  of  blood  and  water,  in  the  aerat^'d  condition, 
exhibit  a  well-marked  and  peculiar  ttpech-uju.  This  spectrum  is  di»- 
tinguished  by  the  existence  of  two  absorption  bands  l>etwe€n  the  lines 
!>  and  E,  and  situated,  the  one  iu  the  yellow,  the  other  at  the  commence- 
ment of  the  greeiL     The  Qrsl  of  tliese  absorption  bands  is  comparatively 

Fig.  82. 
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narrow,  wcl!  defined,  and  dark,  and  la  placed  at  about  one-ftHth  the  dis- 
tance from  I>  lo  E.  The  second  is  double  the  width  of  the  first,  but  is 
less  dark,  and  not  so  well  defined  ;  it  occupies  nearly  the  last  half  of 
the  space  between  D  and  E.     Beyond  the  second  band  tlie  light  of  the 
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gradually  iliininisbes,  and  ceases  altogether  about  the  tcruilna> 
tion  of  the  blue,  niidwuy  bftwet't)  F  and  G. 

If  the  solution  or  mLi^turu  be  muuli  concenlraled,  or  be  viewed  in  a 
ry  deep  layer,  it  la  too  opaque  for  spectroscopic  exiitai nation,  and 
y  shut  off  idl  tbe  ligbt  of  tlie  spectrum  ex(.'<-pt  n  little  of  the  red  and 
»gc ;  if  it  bo  ton  »lilnlc,  it  wilt  fail  to  exbil>it  tlie  distjuguishing 
ters  of  henioglobiiie.  A  solution  of  a  certain  grade  of  strengtb, 
allows  an  abumlaiice  of  light  to  puss  through,  and  is  yet  suiJlcieut 
to  cause  Us  marked  jibsuiptiou  at  particidur  points  of  tbe  spectrum,  is 
be  used  for  exumiiialion.  With  pure  hinioylobine,  atrordini;  to 
reyer,  a  solution  of  about  1.5  parts  per  thousand  given  the  most  marked 
suits.  With  fresh  blootl,  if  one  volume  of  the  deflbrinated  blood  lie 
diluted  with  one  huinlre«l  vulunies  of  water,  and  the  niixlure  viewed  in 
H  layer  of  one  centimetre,  all  the  characteristic  traits  of  the  spectrum 
will  be  distinctly  shown. 

The  spectroscopic  characters  above  descrilifid  form  a  very  delicate 
test  for  tlic  coloring  matter  of  blood.  Aoconling  to  Freyer,  with  a 
solution  of  pure  heniogli"l>inf  in  water,  nf  4  parts  ])ur  ten  thousfind,  the 
absorption  bands  may  still  be  seen,  thougli  tlie  second  one  is  very  faint. 
Fresh  dog's  blood,  if  diluted  with  1000  parts  of  water  and  viewed  in  a 
layer  of  3  centimetres'  thickness,  will  t^bow  a  spectnmi  in  which  both 
absorption  bands  are  distinctly  f>erceptible  thougli  not  very  strong.  If 
diluted  with  10,000  parts  of  water  and  viewer!  in  a  layer  of  4.5  cenli- 
vtres,  the  first  band  is  still  visible,  though  very  faint ;  the  secoud  is 
jtirely  imperceptible. 

These  characters  are  also  of  value  in  showing  that  hcmoglobine,  as 
extracted  in  tbe  crystalline  form,  is  idi-ntiral  with  the  normal  coloring 
matter  of  the  fresh  globules,     A  solution  of  crystallized  hcmoglobine 
ives  the  same  spectrum  with  solutions  i»f  fn-sh  blood  or  with  the  dried 
[lobules.     Even  the  blood  while  still  citfulating  in  the  vessels  may  he 
made  to  exhibit  the  same  njiiicurances.     If  a  spectroscope  eye-piece  with 
two  prisms  be  attached  to  the  body  of  a  microscope  in  such  a  way  that 
two  spectra  may  be  seen  in  the  field,  one  above  another,  one  of  thera 
rmed  by  the  light  coming  through    Ihc  body  of  the  instrument,  tlie 
her  by  that  coming  through  a  lateral  u|vening  in  the  eye-piece;  and  if 
the  mesenterj'  of  a  living  frog  be  {)laced  before  the  objective  of  the  micro- 
scope, while  a  solution  of  human  blood  is  j)laced  at  the  lateral  opening, 
it  will  be  seen  that  the  absorption  banils  in  tlie  two  spectra  are  the  same, 
and  exactly  correspond  with  each  other. 

In  idl  the  above  cases  tlic  blood  which  yipbls  the  characteristic  spec» 
trum  already  described  is  in  the  aerated  condition.  Kven  if  venous  blood 
lie  taken  for  exaniinatifin,  the  process  of  extracting  it  and  placing  it  in 
a  suitable  vessel  for  examiuiition  Virings  it  in  contact  with  the  atmosphere 
and  thus  restores  it  to  the  condition  of  arterial  blood.  In  the  mesentery 
of  the  living  frog,  when  extracted  from  the  abdomen  and  spread  out 
under  the  microscope,  the  free  access  of  air  to  the  peritoneal  surface 
nstantly  supplies  the  circulating  blood  with  oxygen ;  and  accordingly 
17' 


Ho  marked  difforence,  either  of  color  or  of  Hjieetroscopic  cLaracters,  U 
to  Im  seen  iliutwetiu  the  bluwl  iu  Llie  aiturics  and  capillsu'ies,  autl  that  io 
tbe  vuins.  But  if  by  any  meaDS  the  blooii  or  a  solution  of  bemoglobine 
be  deprived  of  its  oxygon,  and  exaiuiued  iu  that  coudition,  it  at  once 
Bbows  a  dfcided  change  both  in  color  aud  tiiH-ftioscopic  Hppcarauct's. 

This  rL'ductioa  or  duositiutiou  of  the  coloring  uratter  of  tbe  blood  may 
be  ell'eetfd  in  eitber  of  two  ways,  uamcly,  first,  by  the  addition  of  deoxi- 
dizing  agents,  aud  secondly  iiy  keeping  tlie  blood  for  a  time  excluded 
from  the  access  of  air.  Accanliiig  to  the  experiments  of  Stokes,  tbe 
addition  of  iron  protosulphale  to  fresh  blood  reilucea  the  hemoglobiue, 
and  changes  its  color  from  bright  red  to  dark  purple ;  the  scarlet  color 
being  again  restored  by  agitating  tbe  blooil  with  oxj-gen  or  atmospheric 
air.  Otber  observers  liave  accuinpIiKljed  tise  rcnluctiou  of  the  bemoglo- 
bine by  continued  treatment  of  tlie  blood  or  its  solutions  with  a  atrenm 
of  carbonic  acid.  Tlie  second  method,  however,  is  more  easily  applied. 
]f  a  solution  of  fresh  blood,  of  a  bright  scarlet  color,  which  yields  a 
spectrum  witli  the  absorption  bnnils  of  aerated  hemoglobiue  fully  devel- 
oped, be  inclosed  in  a  securely  ntoptvered  test-tulx?,  the  whole  of  which 
it  completely  fills,  and  be  kept  in  tJiis  condition  seclude*!  from  the  air 
for  twenty -four  or  forty -eiglit  hours,  the  beniogiobine  at  the  end  of  that 
time  will  have  lust  its  oxygen  which  Laseiitercil  iuto  other  combinations. 
If  now  placed  before  tbe  sjiectroscope,  the  solution  will  show  a  spectrum 
in  which  the  two  absorption  bands  above  describwl  have  disappeare<J, 
and  which  shows  in  place  of  them  a  single  wide  and  comparatively  ill- 
defined  band  covering  aiiout  tlirec-quarters  of  the  distance  from  D  to  E, 
and  extending  usually  towanl  the  red  a  little  beyond  the  situation  of 
the  line  D.  The  darkest  part  of  this  absorption  band  occupies  exactly 
the  space  which  intervened  between  the  two  former  bands. 

Fig.  83, 
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If  the  solution  be  now  shaken  up  for  a  few  instants  with  atmospheric 
air,  its  bright  color  is  at  once  restored,  and  at  tlie  same  time  tbe  single 
absorption  band  of  roil  need  hemoglobiue  disappears,  and  is  replaced  by 
the  two  normal  bands  of  oxidized  or  aerateil  blood.  These  changes 
may  lie  rejieated  until  the  lilood  begins  to  show  the  effect  of  putrefaction. 

Bf.d  Oiobules  of  the  liloofl  in  diff^-rt'id  Clai<Ke><  of  Animah. — In  all 
vertebrate  animals  tbe  blood  contains  red  globules,  of  which  the  color- 
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^^ng  mutter  in  irlentical  with  tlmt  iu  tUo  humnn  sjiecies.     Even  in  Am- 
^HbAi'oxuJi,  a  kind  of  tish  of  very  tow  grade  of  organization,  whicb  w:is 
^Hpiig  regarded  as  csceptiyiiul  in  tbis  respect,  the  existence  of  fuintly 
^^poiored  globules  hna  Ix-lh  demouatnited  ol"  late  years.     That  tlic  culuiing 
ixtatter  of  these  globules  consists  of  liemogtobine  bas  been  cti.>Luonstrate<i 
^^D  sQcb  ditferent  animals  as  the  dog,  fox,  oat,  borse,  i^lleep,  pig,  lion, 
^Boagar,  bjiboon,  bat,  hedge-hog,  rat,  guinea-pig,  squirrel,  mole,  goose, 
^Hngeon,  lark,  owl,  crow,  lizard,  pylhoti,  tortoise,  frog,  carp,  pereh,  her- 
^Kng,  and  pike.     It  has  Ix'eti   discovereil,  in  all,  iu  22  spicies  uf  mam- 
malians, 7  birds,  5  reptiles,  and  12  tish;  and  has  been  fouml  to  exist  in 
every  sfjecies  of  vertebrate  animal  which  has  been  esatiuned  for  that 
purpose.     Even  in  soverul  invi-rtebrate  species  where  the  blood  is  of  a 
red  color,  although  it  exhibits  no  tlistinct  glolmles,  it  has  been  found  to 
contain  heraoglobine  in  a  state  of  solution-     Preyer  Ibuiul  that  tbe  red 
circulating  fluid  of  the  eartbwortn,  when  exauuned  by  the  sjwctroscope, 
yielded  a  spectrum  with  two  absorption  baiidn  identical  with  those  of 
human  lienioglobine.     It  has  also  been  discovere*!  in  the  blood  of  the 
pond'snail,  tiie  horse-leech,  and  the  fresh-water  sliriuip. 

IJul  althougli  in  all  these  cases  tlie  red  globules  contain  the  same 

I  coloring  matlcr,  they  present,  in  diflerent  animals,  variations  of  form, 
Bze,  and  structure,  which  iire  more  or  less  ciiarHcteristic  of  the  different 
basses,  families,  and  species,  to  which  they  iK-long. 
I  Id  the  mamnialiamt^  or  warm-bloode<l  quadrupeds,  the  red  globules 
■f  the  blood  have  without  exception  the  same  bomogeneouM  strucrture  as 
Bn  man.  They  have  alsu  invariably  the  same  disk-like  figure,  with  a 
circular  outline,  except  in  the  species  belonging  to  the  family  of  the 
Luielids  (camel,  dromedary,  lama),  where  the  disks  have  an  oA'al  form. 
The  size  of  the  red  globules  in  the  muiiiuuUians  varies  much  in  extreme 
k;  the  smallest  known  being  those  of  Ibf  Jjuti  musk-deer,  an  animal 
ttOlHarger  than  a  rabbit,  which  have  a  diameter  of  2.50  inmm.,  while  the 
largest  are  those  of  the  elephant,  which  measure  9.20  mmra.  The  rela- 
tive* size  of  the  globules,  however,  in  ditferent  sjK-cies,  does  not  con- 
stantly corresfujud  with  that  of  the  animal  itsilf;  since  those  of  the  cat 
are  larger  than  those  of  the  sheep,  and  those  of  the  rid^bit  larger  than 
either.  The  following  list  gives  the  size  of  the  red  globules  in  vnrious 
specie-s  of  mammalians,  according  to  the  measurements  of  Uuliiver  ami 
Welcker ; 


DlAMKTBR  Of  TH8   CiRCCtAR  KkD  GlX>Bfl,KS   OF  MaMMALIANU, 

in  micro-mill  im»'trP8. 


7.35 

Horxe  . 

5.43 

7.30 

Rhepp  . 

6.00 

6.94 

Red  deer 

am 

(>9n 

Gnat    . 

4.10 

e.'io 

Kk'phant      . 

9.20 

610 

Two-toed  aloth     , 

H.93 

5.95 

Java  musk  deer  . 

2.50 
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In  animals  where  Ihe  re!  globules  are  of  comparatively  smaller  siie 
they  are  projwrtioually  more  mitncrous.  It  JBeslitnuled  by  KbUikerthat 
the  eutii-e  volume  or  mass  ol'iiU  the  red  globules  together,  in  any  del*!- 
ininate  quantily  of  blootl,  does  not  rnry  much  iu  <litt'erent  8|>e<.rie8 ;  ai»il 
tiiat  nccui'diiigly,  in  blood  coiitaiiitng  the  umidlur  aiul  more  abundmil 
globules,  the  extent  of  their  surface,  and  {trobably  their  functional 
activity,  is  greater  than  where  thej-  are  bnger  and  less  numerous.  This 
will  apply  also  to  the  inferiitr  groups  of  vertebrate  animals,  in  which  the 
l^lobuleK  are  olten  very  much  larger  and  at  the  same  time  less  abundant 
than  iu  muu. 

In  the  birdtt^  reptiles^  and  Ji*h^  comprising  all  the  ovjpaToag  •\*erto- 
biata,  as  well  as  some  which  are  viviparous,  the  reil  globules  are  distin. 
guiiihed  by  two  very  marked  characters  of  shape  and  structure:  namely, 
an  oval  form  and  the  presence  of  a  gruiiidar,  colorless  nucleus.  The 
only  kuown  exccptiou  is  in  two  species  of  fish  helonging  to  the  family 
of  the  Lampreys,  in  which  the  globules  have  a  circular  outline;  but  here 
also  they  are  provided  with  a  nucleus,  and  accord iugly  readily  distin- 
guishable from  the  circular  globules  of  mammalia. 

It  is  among  the  Batrachiaua,  or  naked  reptiles,  that  the  red  globules 
present  the  largest  size  and  exhibit  mosi  distinctlj"  their  structural 
character.     They  are   of  a  regularly  oval    ftiriii,  Iheir  short  diameter 

lieiwg    between    one-half    and 
^^  threo-<niarters  the  long  one,  a 

little  tlackcr  toward  the  e<lgC8 
and  thittner  in  the  middle;  the 
round  or  oval  nucleus  project- 
ing slightly  from  the  lateral 
surfai'c  at  its  central  pifrtiou 
In  their  reactions  toward  dif- 
ferent ph^-sical  and  chemical 
agcnt'i,  they  rcsendtli}  the  red 
blood-globules  of  mammalians. 
In  tiie  frog,  the  red  globules 
have  a  long  diameter  of  2*2 
mmm.,  or  nearly  three  times 
thut  of  the  luunan  jilobulcs  ;  in 
Proteus  aiiguitum,  the  blind 
water-lisard  of  the  Carniola 
grottoes,  5y  mmm. ;  iu  Meno- 
oranrbns,  an  allied  species  inhabiting  the  northern  lakes  of  the  United 
Stsites,  62.5  mmm.  ;  and  in  Amphiuma  triilaclyliim,  the  great  water- 
lizard  of  Louisiana,  according  to  Dr.  Kiddell,  the  re*l  globules  are  one- 
third  larger  than  in  Proteus,  or  about  77  mmm.  The  following  liat 
^ves  the  size  of  difftirent  globules  of  the  oval  form. 


HLOon-OLoatTLBB  or   Fruo.  —  a.  BtotMl-glo- 
uuie  seen  edgpwiie.    It,  While  i;li/t>uli>. 
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in  mJcru-iuiiliitictres. 


Pigeon 
Fowl  . 
Puck  . 
'I'ortoise 
Liziird 
Alligator 


Frog       . 
I'riton     . 
Menobrmiclius 
Carp 
Sturgeon 
Perch     , 


Diogttoifiji  of  Blood,  and  the  diednc/ion  between  Nit  man  BUtod  and  that 
of  Animals, — It  is  oflt'ti  f)f  coiisvqiUMice  to  irco^iize  the  existence  of 
blood  in  various  nniinnl  fliu<3s  in  jiliysiologlcal  experiments,  and  it  some- 
times beeomes  iiuportaut  in  merlieo-legal  investigations.  B'or  thia 
purpose,  in  tlie  IVesh  flnidg,  nothing  cnn  lie  more  efttisfactory  Uiaii 
spectroseopic  exaniinatiuu;  a  very  small  quantity  of  hemoglobin e,  as 
already  shown,  beinij  stillicient  (■>  yield  a  spectrum  witli  the  eharacter- 
istic  absori  tion  bands.  There  is  a  furtljer  advantage  in  this  niethoil, 
namely,  that  it  will  enable  us  to  detect  the  presence  of  blood  in  fluids 
where  the  red  glolyidea  have  been  dissolved  and  the  coloring  matter 
reduced  to  a  flnid  coudilton.  The  washings  of  a  blood  B[iot  or  stain 
may  tlieref.>re  show  the  spectrum  of  liemoglobine,  although  they  may 
not  contnin  any  red  globules  perceptible  by  the  microscoije.  This,  how- 
ever,  only  shows  tlic  presetiee  of  tlie  coloring  matter  of  blood,  and  thus 
allows  us  to  distinguish  blood  from  other  eolored  fluids;  it  does  nut 
enal)le  us  to  make  a  distinction  between  the  blood  of  man  and  that  of 
animals,  since  the  beraoglobine  is  the  same  in  all. 

But  by  microsenpic  examination  of  tlie  n^tl  globules,  either  when 
fresh  or  after  having  l.)eon  dried  antl  again  moistened,  we  can  often  dis> 
tinguish  the  bloud  i>f  an  inferior  nniniaJ  from  that  of  the  human  subject. 
According  to  the  observations  of  Prof.  J.  Q.  Iliciiardson,'  a  fragment  of 
a  blood  spot,  weighing  less  than  ^^Tr  ^^  **■  mitligramnie,  which  bad  been 
kept  in  the  dried  condition  for  live  years,  when  dec«ilnrized  with  a  weak 
watery  solution  (0-75  per  eent.)  of  sodium  chloride,  and  atYerward  tinteil 
with  a  Bolutioo.  of  aniline,  exhiliiteil  Ihe  blood-globules  iu  such  a  coudi- 
tion  that  their  size  could  Ixj  accurately  nieasurccL 

If  a  blood  stain,  according!y,  wliich  in  a  watery  solution  gives  the 
common  spectrum  of  hemoglubine,  Ikj  fi>und  to  contain  oval  nucleate! 
globules,  this  would  show  it  to  be  the  blood  of  a  bird,  reptile,  or  fish ; 
and  the  oval  form  alone  would  show  that  it  is  not  human  blood.  The 
question,  therefore,  whether  a  parlleular  sjiecimen  be  composed  of  human 
blood  may  often  be  decided  with  certainty  in  the  ne»ffi(ire  by  microscopic 
examination.  IJut  if  the  specimen  contain  circular  globules,  without 
nuclei,  it  will  be  impossible  to  say  positively,  in  any  instance,  that  they 
belong  to  human  blood,  and  not  to  that  of  some  animal,  such  as  the  ape 
or  the  dog,  whose  red  globules  nearly  approach  the  human  in  size,  in 
most  of  the  domeBticate<l  quadrupeds,  the  globules  are  smaller  than  in 
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hutuati  Muud;  but  in  both  the  sloth  and  the  elephant,  they  are  Inrgtr. 
If  it  were  only  requiu'il  to  decide  whether  a  given  tiijeciiaeii  of  frwb 
blood  beionged  to  luuu  or  to  the  iuu><k  deer,  tor  exuuiple,  or  eveu  to  the 
gout,  no  doubt  the  ililt'ereiicc  in  size  of  the  globules  would  be  suttlcient 
to  detormiiie  the  questiori. 

But  within  nearer  liiuits  of  reaomldaucc  it  would  be  doubtful,  lieeanse 
the  Kize  of  the  re<l  globtdes  varies  to  sniue  extent  in  each  kind  ofblix^l; 
and  in  order  to  bo  eertaiu  tliiit  a  purtkidar  eiieciuien  were  hu;nan  blootl, 
it  would  1)6  nect'ssarj-  to  show  that  the  sniallest  of  its  globules  were 
larger  than  the  largest  of  those  belonging  to  the  animal  in  question,  or 
vice  vensa.  The  limits  of  this  variation  have  been  tolerably  well  defiueti 
for  human  bluod,  hnt  not  sufflcicntly  !*o  for  many  of  the  lower  aninuls 
to  make  an  absolute  <listinftiu»  possible. 

In  the  examination  of  stains  or  blood  spots,  the  ditllculty  is  increased 
bv  the  fiu'b-that  the  drying  and  subseqirent  moistening  of  the  ghd)ule9 
introduces  another  element  t»f  tnicertaiuly  as  to  their  exact  original  size. 

Phy!<iol<i<iicat  Fujiriion  of  the  Rrd  Olobulr.n. — There  is  no  doubt  that 
the  ret!  globules  of  btoofl  serve  mainly  as  tlie  carriers  of  oxygen.     The^ 
extreme   readiness  witli  whieh    they  absorb    this   substance   from  IheH 
atmosphere  or  from  any  otlu-r  gaseous  mixture  containing  it,  their  im- 
mediate change  of  color  depending  upon  the  9tip|ily  or  withdrawal  of 
oxygen,  corresponding  with  the  change  of  color  in  the  blood  as  it  tnufl 
verses  the  lungs  or  the  ca|iilhiries  of  the  general  cireulation,  all  indicate 
that  they  have  a  special  relation  to  the  introduction  and  distrilmtion  of 
oxygen  in  the  living  bo<ly.     As  a  general  rule,  in  those  animals  where 
the  reil  globidea  are  of  large  size  and  few  in  numlx-r,  the  activity  of  the 
vital  functions  is  below  the  average  ;  while  in  the  species  where  they  are 
smaller  and  more  numerous,  the  |>rocesses  of  respiration,  eircniatioii, 
nutrition,  and  movement  are  inereased  in  rafndily  to  a  similar  degree. 
The  strongly  marked  physical  and  chemical  characters  of  the  red  glo- 
bules correspond  with  their  importance  in  the  functions  of  vitality. 

White  Globules  of  the  Blood. 
Beside  the  red  globules  above  doseribeil,  tlie  blowl  contains  a  certain 
number  of  other  cellular  borlies,  which  differ  from  the  former  in  several 
innjortant  particulars.  These  are  the  ifhift-  or  coloi-ffHs  corpuscles.  As 
their  name  implies,  they  are  destitute  of  red  or  other  c<jloring  matter, 
but  under  many  circumstances  present  under  the  microscope  a  glistening 
appearance,  and  when  collected  in  large  qujintity  may  give  to  the  fluid 
or  clot  which  contains  them  a  whitish  hue.  They  are  much  less  abun- 
dant than  the  red  globules,  the  average  proportion  in  healthy  human 
blood  Ixnng  one  white  globule  to  3U0  reil.  They  arc  nearh*  sphericnl 
in  form,  and  measure,  on  the  average,  1 1  mmm.  in  diameter.  They  are 
accordingly,  in  human  bl(K)d,  distiiu-tly  larger  than  tlie  red  globules. 
(Fig.  "•>,  V.)  Ad  regnnls  their  stnirlure,  they  consist  of  a  soft,  sowuv 
what  vjscid,  colorless,  finely  granular  substance,  containing  in  its 
interior  one,  two,  or  three  ovoid  nuclei.     They  are  less  yielding  and 
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Hllppery  than  the  red  glohnles,  nm\  have  a  temlency  to  adhere  moro 
readily  to  the  8urface8  with  whidi  thej-  ure  in  o<)nUict;  so  that  if  a 
small  quantity  of  a  watery  lluki  Ik;  aclik'd  to  the  drop  of  blood  under 
cxamiuatiun,  the  retl  globules  will  be  hurried  away  by  the  currents  pro- 
duced, while  the  white  globules  1:)^  l>ehind,and.  if  the  irrifration  bo  con- 
tinued, may  Biially  lie  left  ahmf  in  the  field  of  the  microscope.  Their 
transpareney  is  such  that,  when  slowly  rolling  over  with  the  current, 
the  granules  in  their  interior  may  often  be  jierceived  to  rotate  jiast 
each  other,  alwjve  and  behm*,  with  the  motion  of  the  globule.  The 
nuclei  are  sometimes  vi.sible  in  the  perfectly  fresh  globide,  but  mtvy 
always  be  brought  into  view  by  the  addition  of  pure  water  or  of  dilute 
acetic  acid.  The  action  of  these  fluids  is  to  cause  a  slight  swelling  of 
the  globule  and  to  increase  the  „, 

transparency  of  its  substance, 
by  which  the  nuclei  beeonae 
perceptible  as  Bharply  defined 
ovoid  or  vesicular  bo<lie8  in  or 
near  the  central  part  of  the 
mass.  By  the  prolonged  ac- 
tion of  acetic  acid,  a  portion 
of  the  cell  substance  becomes 
condensed  about  the  onclei  in 
various  irregular  forms,  while 
the  remainiler  nfipears  as  a  per- 
fectly transpai-eiit  and  homo- 
geneous material,  surrounderl 
by  a  very  delicate  circular  out- 
line. The  final  effect  of  both 
water  and  acetic  acid  is  to  dis- 
integrate the  white  glutmles 
and  cause  their  disappearance.  Dilnie  alkalies  dissolve  them,  with  great 
readiness. 

Amoeboid  Movemr.nta  of  ihr  While  Globulen. — These  movements  are 
«o  called  from  their  resemblance  to  the  motions  of  Ama'ha^  a  minute 
gelatinous  creature,  of  very  simple  organization,  liviog  in  fresh-water 
pools  and  ditches.  Tliey  are  never  to  be  seen  while  tlie  blood  is  circu- 
lating in  a  normal  manner  within  the  bloodvessels,  where  the  white 
globules  always  present  their  natural  roundofl  form  and  uniformly 
granular  api>carance.  But  witiiin  a  short  time  after  the  blood  has  hcfin 
withdrawn  from  the  vessels,  provided  it  be  maintained  at  or  near  the 
normal  temperature  of  the  animal,  the  white  glubules  may  be  seen  to 
alter  their  slmpe  in  a  very  remarkable  waj'.  The  first  indication  of  the 
change  is  that  a  certain  portion  of  the  rounde4l  outline  of  the  ghjbule 
Itecomes  faint  and  irregular,  its  substance  at  this  point  flattening  out 
and  extending  itself  into  one  or  more  transparent  and  homogeneous 
looking  prnlongations.  These  prolongations  are  alternately  protruded 
and  retracteil,  sometimes  extending  into  long  filamentous  processea, 
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Bomctimes  into  shorter  expansions  wilh  roiincletl  ends.  Yuriations  in 
tlie  fonn  of  tlit  glubtile  are  thus  pimhiuetl  wliich  succeed  each  otlier  with 
ditlerent  degrees  of  rapidity  iiccording  to  circumstances.  In  man  an<l 
tiie  wiirni-bloodiul  animals,  the  blood  under  extimination  requires  to  bo 
k<L'pl  at  about  the  uornial  lemiKjratiire  of  the  body,  in  order  that  these 
appearances  may  be  exhibiteil;  but  in  the  cold-ljlood.«>d  auimala  they 
may  be  shown  at  the  ordinary  temperature  of  tbe  air. 

Fig.  86. 


CnAN'iiKS  IN  mHir  or  a  «i!taLBWHiTEOLOliPl.i:  or  the  blood  at  tlie  N^wt  ( THlom 
miUcpunctaliu\  aecatHtig  In  kd  lDt<>rvftl  of  aev*tx  mlnulca,  nncl  wItbtQ  hair  an  hoiu  sfter  tl* 
extrActlun  from  rhe  living  body. 

Besides  showing  these  chtinofes  of  form,  the  white  globules  of  the 
blood  may  sometimea  b<j  seen,  by  a  aimilai'  met-hanisin,  to  move  from 
place  to  place.  In  these  eases,  tlie  gtobule  first  sends  out  the  p.tle  pro- 
longations of  its  substance  as  above  described.  The  granulations  of  the 
remaining  portion  are  theii  propelled,  by  a  kind  r»f  flowing  movemeut, 
into  the  prolongations,  which  thus  becotne  granular,  and  at  the  same 
time  assume  a  more  rounded  form.  The  rcmsdning  portion  is  subse- 
quent I3' drawn  after  and  into  the  part  previously  expanded ;  and  by  a 
continuance  of  this  process  the  whole  mass  makes  a  slow  progrossioii 
from  one  point  to  another  in  the  field  of  the  microscope. 

These  movements  are  accom|>lished,  like  those  of  the  amojba,  by  alter, 
nate  local  contractions  and  relaxations  of  the  substance  of  tbe  globule. 
In  Amoeba  princeps  the  movement  of  i>rogression  ra.ay  lake  place  at  the 
rate  of  TA  micro-millimetres  per  minute,  and  in  souie  ft/nns  of  gelatinous 
animalcules  is  occasionally  so  active  that  it  may  be  followed  continuously 
bv  tlie  eye.  But  in  the  white  globules  of  the  Kotxi  it  is  much  more 
slowly  performed,  and,  like  that  of  the  honr  Ka^a  of  a  clock,  ia  to  bo 
disUiiguishe^l  only  by  noting  their  change  of  position  after  a  certain 
interval  of  time.  The  white  gloluiles  of  tht.  Trog,  when  upon  the  free 
b-.irface  of  the  mesentery,  ma\'  be  seen  to  m.>ve  at  a  rate,  as  measnrei) 
K  the  micrometer,  of  13  inicro-millimeti  :'h  per  minute;  and  similar 
granular  corpuscles,  in  the  meshes  of  the  connective  tissue  of  the  mesen- 
terv  itself,  may  progress  at  the  rate  of  S.o  micro-uiilli metres  in  the  same 
time.  Certain  changeable  cells  in  the  tissue  of  tlie  frog's  cornea,  which 
arc  regarded  by  some  observers  as  identical  in  character  with  the  white 
globules  of  tiie  blood,  may  change  their  position  in  the  substance  of  the 
cornea  at  the  rate  of  2,!)  mieni-millimetres  jicr  minute. 

The  amceboid  ntovements  of  the  white  globules  of  the  blood  are  also 
sometimes  to  be  seen  in  the  interior  of  the  capillary  bloodvessels  01 
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small  veins,  when  Imprisoned  in  a  stagnant  portion  of  the  blood-phisiUH. 
Hut  if  the  circtilntiun  l)e  re-establishfil,  and  llie  glubtites  again  move 
with  tlie  blood  ciinvnt,  they  cease  to  be  distorted,  aud  rthume  tbeii 
original  rountled  form. 

The  precise  iihysiolugical  properties  and  funetiona  of  the  white  cor- 
pusfles  cannot  l>e  determiued  so  distinctly  as  in  ttie  case  of  tlie  rod 
glnlmles.  Their  great  ijdeiiorily  in  number  sLovys  that  they  are  less 
important  for  the  immediate  contiiiUiiiK-e  of  the  vital  o|)erntions;  and 
the  same  thing  may  be  inferrerl  from  their  want  of  strongly  marked  8))e- 
Hfic  characters,  Ff»r  while  the  red  globules  of  Ihe  blood  vary  in  ap- 
pearance to  a  niarkcfl  degree  in  different  classes  rmd  ortlers  of  animals, 
the  white  globules  present  nearly  the  same  general  features  of  size,  form, 
and  structure  througlnmt  the  series  of  vertelwate  animals. 

Plaaana  of  the  Blood. 

The  plasma  of  the  bloorl  is  the  transparent,  colorless,  homogeneous 
liquid,  in  whieh  the  Irlood-glohules  are  held  in  suspension.  It  consists 
of  water,  holding  in  solution  various  mineral  ^alts,  and  of  certain  albu- 
minous matters,  which  are  distinguished  by  their  modes  of  enngulatiou, 
the  [)rinci|ial  of  which  »re  known  as  fihrine  aud  nUiDineu. 

Tlis  plasma  of  the  blood,  ac-cording  to  the  estimates  of  I.ehmann  and 
Robin,  has,  on  the  average,  the  following  constitution: 

CoXPOsmoX    OF   THK    Ul.0OD-PI.ASXA. 

Wttter 902.00 

Albumen 75.00 

Fibrine 3.00 

Fatty  tnfttters 2.50 

CrjstttllizHble  nitropenona  matlern  .....         4.00 

Other  organic  iogredieiiUi &.00 

Sodium  eldoride 

Pota-viuni  chloride 

Sodium  {•arboiiiite 

Sodium  and  po1a,<sium  sulphates 

Sediitm  ainl  potasHium  pliospbalefl 

Lime  luid  uiagiie»iuin  phosphates 

100(1.00 

The  above  ingredients  are  all  intimately  mingled  in  the  blood-plasm.n. 
In  a  fluid  form,  by  nuilual  solutitHi ;  but  they  may  be  separate*!  from 
each  other  for  ex;miiiiati<»u  by  fipproiiriate  means.  The  two  ingredients 
which  on  neeoiint  of  their  nature  and  projx'rties  have  received  the 
greatest  attention,  are  the  fibrine  and  the  albumen. 

The  fibrine  cannot  be  obtained  for  examination  under  the  form  in 
which  it  naturally  exists  in  the  b]o«'»d,  since  it  is  only  to  l>e  separated 
froro  the  other  al>>uminou8  ingredients  by  undergoing  the  process  of 
congulation.  Notwithstanding  that  this  substance,  or  the  material  from 
which  it  Is  derivefl.  is  present  in  the  b]oo<l  in  ao  small  a  quantity  an 
three  parts  per  llmusaud,  it  is  evidently  an  important  element  in  Ihe 
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constitution  of  the  circulating  fluid,  since  it  is  upon  its  power  of  spon- 
tutieoua  solidilicution  that  tlic  cou.gulability  of  the  entire  blood  de{^>emi8. 
This  process  takca  place,  under  all  omiiuary  conditions,  soon  after  the 
blood  has  been  wiLhtlrawn  fronoi  the  circulation;  and  the  fibrine  may  be 
obtained  in  u  state  of  toltTulik;  purity  by  continuously  t^tirring  fresulilr- 
drawn  blood  with  glass  rods  or  a  btindle  of  twigs.  When  coagulatiou 
occurs,  the  fibrijie  solidifies  in  the  form  of  thin  layers  adherent  to  the 
surface  of  the  rods  or  twigs.  It  at  first  contains,  entangled  with  it. 
soino  of  the  rtni  glubuleK  uf  the  bloutJ  with  tlieir  coloring  matter;  hut 
these,  as  well  aa  other  foreign  substances,  may  be  removed  by  subjecting 
the  mass  for  a  few  hours  to  the  action  of  running  water.  The  fibrine 
then  presents  itself  under  the  form  oT  nearly  while  threads  and  flakes, 
having  a  semi-solid  consistency  and  a  considcrabk'  degree  of  elasticity. 
Coagulated  fibrine,  if  exaraincfl  in  tliiu  layers,  is  seen  to  have  a  fibroid 
or  filamentous  texture.     The  filaments   of  wlucii    it  is  composed  are 

colorless  and  clastic,  and  when 
Fig.  87.  isolated  are  seen  to  be  exceed- 

ingly minute,  Iicing  not  more 
than  0.5  mmm.  in  diameter. 
They  are  partly  so  placed  as  to 
lie  [larallel  with  each  other,  and 
this  is  [irobflbly  their  arr.nnge- 
ment  throughout  the  undis- 
turbctl  fibrinous  layer;  but 
•when  torn  up  for  microscopic 
cxaminutiun,  its  filaments  are 
seen  to  be  in  many  spots  inter- 
laced with  each  other  in  a  kind 
of  irregular  network.  On  the 
addition  of  dilute  acetic  acid 
the  filaments  become  6Wt>ilen, 
transparent,  and  fused  mto  a 
homogeneous  mass,  but  do  not 
dissolve.  They  are  cften  in- 
terspened  with  minute  granules,  which  render  their  outlines  more  or  less 
obscure. 

Once  coagulated,  fibrine  is  insoluble  in  water  and  can  only  be  again 
liquefied  by  the  actioti  of  an  alkaline  (»r  strongly  saline  soiution,  by  pro- 
longed boiling  at  a  very  high  temperature,  or  by  dtgeetrng  with  gastric 
Juice  or  an  acidulated  solution  of  pepsiue.  These  agents,  however,  pro- 
duce a  jiermanent  alteration  in  the  projjerties  of  the  fibrine,  and  after 
being  subjected  to  tlieir  influence  it  is  no  longer  the  same  substance  as 
before. 

Tlie  quantity  of  fibrine  which  may  be  extracted  from  the  blood  varies 
in  different  parts  of  the  body,  i^ccording  to  most  observers,  venous 
blood  in  general  yields  less  fibrine  than  arterial  blood.  A  portion  of  it 
therefore  disajjpears  in  passing  through  the  capillary*  circulation.     In 
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the  liver  and  the  Sidneys  this  disapiiearanee  is  bo  coraiilote  tliat  no 
(ibriue  is  to  be  obtaiut-d,  as  a  general  nili?,  fnnn  tlie  hluixl  uf  Hk'  rcn.-il 
or  tlie  hepatic  veins.  On  tliis  at-eoiiiit,  also,  tlie  blood  in  the  Ijirge  vuiiid 
near  the  heart  19  more  deficient  in  (ibrine  than  in  those  at  a  distance ; 
since  tlie  venous  bldod  comiiij^f  from  Iho  jjeiu'ral  fiicuLition,  ami  con- 
taining a  moderate  quantity  uf  fibrine,  is  mingk'd,  on  a|»i*foaching  the 
heart,  with  that  of  the  renal  and  hepatic  veins,  in  which  tlie  coagulating 
material  is  entirely  absent. 

The  albumen  of  the  plasma  is  undoubtedly  the  most  important  of  its 
ingredients  in  n-gard  to  tiie  process  of  nutrition,  since  it  is  l»y  far  the 
most  abundant  of  the  albtnntnous  mattera  present.  It  eoagnlntes  at 
once  on  being  lieated  to  72*^  ('WS'^F.),  or  by  contact  with  alcohol,  the 
mineral  acids,  or  their  metallic  saSts^  or  with  potassium  ferroeyanide  in 
an  acidulated  solution.  It  exists  naturally  in  the  plasma  in  a  fluid  form 
by  reason  of  its  union  with  tlie  water.  The  greater  {wirt  of  the  water 
of  the  plasma  being  united  with  the  albumen,  when  tliis  latter  substance 
coagulates,  the  water  remains  in  combination  with  it,  and  assumes  at 
the  same  time  the  solid  form.  If  the  plasnia  of  the  bluod,  iiecordingly, 
after  removal  of  the  flbriue,  be  cxpused  to  a  boiling  temperature,  it 
solidifies  almost  completely,  so  that  only  a  few  drops  of  w.ater  can  be 
drained  away  from  the  coa<rulated  mass.  The  earthy  phosphates  are 
also  retaineil  by  the  solidilled  albuminoiis  mass. 

The  substance  existing  in  the  blood  plasma,  however,  and  denignaterl 
as  albumen,  appears  to  consist  really  of  two  ditl'erent  ingredients,  of 
which  one  is  about  double  the  4Hi:intity  of  the  other.  Both  of  them  are 
coagtilable  by  heat;  and  on  this  acoaont  tlu'  whole  idbiimiiir>us  injiiedicnt 
of  the  plasma  solidifies  when  exposed  to  a  lioiltng  teraperaiure.  But  one 
of  them  is  coagulabic  also  by  magnesium  sulphate  added  in  excess. 
This  substance  is  termed  mekilbmnen^  and  is  present  in  the  plasma  in 
the  proportion  of  about  22  parts  per  thousand.  It  may  l»e  separated 
from  the  remainder  by  liltering  the  plasma  through  magucsJuui  sulphate, 
whicli  retains  the  met.'ilbuiuen  in  a  coagulated  form  and  allou-s  the 
remaining  liipiid  to  pass  through.  The  second  substance,  which  has 
passed  through  the  filter,  and  whrr-h  is  coagulable  by  heat  but  not  by 
xnagneHium  Hul[>hate,  is  atbuturn  [iroper.  It  has  lieen  called  "  serine" 
by  Denis  and  Robin,  to  iudleate  that  it  is  the  kind  of  alhumen  present 
in  blood-serum.  It  exists  in  the  plasma  in  the  proportion  of  alwut  53 
parts  |)er  thousand,  being  acc«>rdiiigly  rather  more  than  twice  as  abun- 
dant as  the  metal  bum  en.  It  is  not  known  whether  these  two  Buiistances 
are  mutuall}-  convertible,  or  if  so,  which  of  them  is  produced  by  trans- 
i-formation  of  the  other. 

A  certain  quantity  of  albuminose  is  also  to  be  found  in  the  blood, 
probably  derived  from  the  products  of  digestion.  Its  quantity,  accord- 
ing to  Robin,  varies  from  I  to  4  parts  per  thousand.  As  it  is  absorbed 
from  the  intestine  during  digestion,  and  neither  accumulates  in  the 
lilowl  n<jr  appears  in  any  of  the  excretions,  it  is  no  doubt  transformed 
Ante  some  other  8Ul)Stance  after  being  taken  into  the  blood. 
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Tlif  fntty  matters  exist  in  tlie  bloo*l  mostly  in  a  saponified  form,  ex- 
cepting Boon  after  the  digestion  of  foo<l  rich  in  fat.  At  that  period,  the 
einuldioned  fat  findd  its  way  into  the  blooil,  and  circulates  for  a  time 
unchanged.  Afterward  it  disappears  us  free  fat,  but  remains  partly  ii 
tlie  tiaponilied  coiidttioti. 

The  saline  substaiiei-s  of  the  plasma  are  prineipally  sodium  and  potas«J 
siiim  eiiiorides,  phosphates,  and  snljjliates,  together  with  lime  and  mag- 
nesium piKwphates.  Of  these  ttie  sodium  chloride  is  the  most  abiindantf| 
constituting  nearly  40  per  cent,  of  all  the  mineral  ingredients.  The 
sodium  and  [lotasaium  phosplmtes  are  of  great  importanee  in  pro%'idiuj 
for  the  alkalescence  of  the  blood  plasma,  a  property  which  is  essentia 
to  the  performanee  of  the  fimotiuiis  of  nutrition  and  even  to  the  im- ' 
mediate  continuiince  of  life;  feitiee  it  is  the  alkaline  condition  of  the 
plasma  wliieh  eiiiiMi'a  it  to  ahsorb  from  the  various  tissues  tJic  car- 
bonic acid  produced  in  their  substance  and  return  it  to  the  centre  of  the 
circulation,  for  elimination  by  the  lungs.  The  sodium  ami  potassium 
carbonates  sdso  take  part  in  the  production  of  this  alkalescence,  and  in 
tlie  herbivorous  anininls  are  its  priticii)al  cause;  while  in  the  carnivora 
the  alkaline  )>lioHpl)ate9  alone  are  to  be  found  in  the  plasma  in  n[>pre-fl 
ciable  quantity.  In  the  human  subject,  under  the  use  of  an  ordinary^ 
mixe<l  animal  ami  vegetablt;  diet,  Ixith  tlie  alkaline  phosphates  and  car- 
bonates arc  present  in  varying  proportions. 

The  earthy  phosphates  of  the  plasma,  which  are  by  themselves  in 
sol u hie  in  alkaline  or  neutral  fluids,  arc  held  in  solution  in  the  blood  b; 
union  with  its  albuminous  ingredients. 
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Coa^lation  of  the  Blood. 

A  few  moments  after  the  blood  has  been  withdrawn  from  the  vesselSf 
a  remarkable  phenomenon  presents  itstlf,  namely,  its  coagulation  or 
clotting.  This  proct'sa  commences  at  neaily  the  same  time  thronn-hoat 
the  whole  mass  of  the  blood,  which  becomes  first  somewhat  diminished 
in  fluidity,  so  that  it  will  not  run  over  the  edge  of  the  vessel,  when 
slightly  inclined ;  while  its  surface  may  be  gently  depressed  with  the 
end  of  the  finger  or  a  glass  rod.  It  then  becomes  ra]ji(lly  thicker,  and 
at  last  Bolidilles  ijito  a  uniformly  red,  opaque,  consistent,  gelatinous 
mass,  which  takes  the  form  of  the  vessel  in  which  the  blood  was  received.ii 
The  process  usually  commences,  in  man,  in  about  fifteen  minutes  aftoi 
the  blood  has  been  drawn,  and  is  completed  in  about  twenty  minutes. 

The  coagulation  of  Jhe  blood  is  dependent  upon  the  presence  of  itsi 
flhrine.  This  fact  may  be  demonstrated  in  various  ways.  In  the  first 
place,  if  freshly  dr.nwn  frog's  blood  be  mixed  with  a  solution  of  sugar, 
of  the  strength  of  one-half  per  cent.,  and  placed  upon  a  filter,  the  lilood- 
plobules  wilt  be  retained  upon  the  lilttT,  while  a  transparent  colorless 
liquid  passes  through,  which  after  a  time  coagulates  like  fresh  blood>^_ 
Secondly,  if  horse's  blood,  which  coagulates  more  slowly  than  that  of^| 
most  other  warm-ljlooded  nnimals,  be  drawn  from  the  veins  into  a  cj'lin- 
drical  glass  vessel  and  allowed  to  remain  at  rest,  by  the  time  coagulation 
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ikefl  place  the  blood-gloliules  have  subsiilcd  from  the  upper  part  of  the 
fluid,  leaving  a  layer  at  the  surface  which  is  colorless  and  piirtly  trans^ 
parent^  but  wlnifh  is  as  firmly  coagulatetl  ns  the  rest.  Tliirdly,  if  horse '8 
blood  be  freshly  drawn  into  Buch  a  vessel,  surrounded  by  :i  freeziug 
mixture  and  kept  nt  the  tumperature  of  U°  (82^  F.),  coagulation  is  for 
the  time  altogether  HtiH|R'iidfd,  and  the  glohulea  sink  toward  tiie  bottom, 
leaving  a  transpaient  colorless  fluid  uliove.  If  this  colork'88  fluid  be 
remo>e<l  by  decantation,  and  allowed  to  rise  in  temperature  a  few  de- 
grees^ it  coagutale-s  tinulj'  like  fresh  blood. 

Theae  facts  bIiow  that  the  blood-globules  take  no  direct  part  in  the 
process  of  coagulation ;  and  that,  when  present,  thcj  are  siniply  en- 
tangled mechanically  in  the  Bolidifving  clot. 

Finally,  if  the  freshly  drnwn   Mood  of  man,  or  of  any  of  the  warm- 
blooded animals,  be  hiiskly  Ktirred  with  a  bundle  of  twigs  or  glass  rods, 
he  flbrine  coagulates  in  comparatively  small  mass  upon  the  surface  of  the 
foreign  bodies  ;  and  the  red  globules  wliich  it  entangles  may  be  removed 
by  washing,  without  changing  in  any  way  its  essential  characters. 

It  is  the  fibrine,  therefore,  which,  by  its  own  coagulation,  induces  the 

lidification  of  the  entire  blond.     As  it  is  uniformly  distributed  before- 

and  throughout  the  blood,  when  coagulation 

lakes  place  the  minute  filaments  wfiich  make 

their  appearance  in  it  entangle  in  their  meshes 

the  globules  and  the  albuminous  fluids  of  the 

asma.     A    very    small    quantity    of  flbrino, 

erefore,  is  suflicient  to  include  iti  its  soIi<lifi- 

tion  all  the  fluid  and  semi-fluid  ingredients 

hich  were  before  mingled  with  it,  and  to 
c#mvert  the  whole  into  a  voluminous,  trem- 
bling, jellydike  mass  of  poagulatdl  bloo<l. 

As  soon  as  the  coagulum  has  fairly  formed, 

begins  to  contract,  increasing  somewhat  in 
bonsistency  as  it  diminishes  in  size.  By 
means  of  this  contraction  the  alhuniinous  liijuids  begin  to  I>e  pressed 
out  from  tlie  meshes  in  whirh  they  were  entangled,  A  few  isolated 
ilrops  first  apiienr  on  the  surface  <d'  the  clot, 
which  soon  increase  in  size  and  also  become 
more  numerous,     Aflt*ra  time  they  enlarge  so 

ucli  as  to  come    in   contact  with  each  other 

various  points,  when  they  coalesce,  extenrl- 

ihg  in  all  directions  as  the  exudation  increases, 

until  tlie  whole  surface  of  the  clot  is  covered 

ith  a  thin  layer  of  fluid.     The  clot  at  fii-st  nd- 
leres  pretty  strongly  to  the  sides  of  the  vessel 

to  which   the    hlood  was   drawn;  but  as  its 

,                                      ,  Bowl  of  COAorLATiii> 

contraction    goes  on,  its   edges  are  separated,  blooi.  «ficf  tweUo  iiour.. 

nd  the  fluid  continues  to  exude  between  it  and  •howiniffheeiot  coturactud 

le  Bides  of  the  vessel.    This  process  continues  «eruiB. 


Bowl  of  recently  COAOV* 
LATKH  I)u>ori,  showing  tha 
whole  mBat  uniformly  aolidl- 
fletl. 
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for  ten  or  twelve  houra  j  the  clot  growing  constantly  smaller  and  firmer, 
and  tLe  expressed  fluid  more  iilmiidant 

The  glolnik'S,  owing  Ut  tlieir  greater  consistency,  do  not  escape  witl 
the  albuminous  fluids,  but  reinsiiii  entjuiyli."d  in  the  fiiirinous  coagnluiiu 
At  the  end  of  ten  or  twelve  hours  the  whole  of  the  blood  has  usually 
6eparate<l  into  two  parts,  namely^  the  cAj/,  which  is  a  red,  opaque,  semi' 
solid  mass,  consistini;  of  tlje  fibrine  and  the  blood-globules  ;  and  the 
«eruni,  wliich  is  a  transparent,  nearly  colorless  fluid,  containing  the 
water,  allmmen,  and  saline  matters  of  the  plasma. 

The  change  of  the  blooil  in  coagulation  may  he  expressed  as  follows 


Uefore  coagulutiuu  the  blood  consists  of 
1st.  Globules  ;  and  'Id.  Plasma — containing 


Pibrine, 
Albamen, 
Water, 
SalU. 


After  coagulation  it  is  sepat'ated  into 
f  Fibrinc  and 


let.  Clot,  coataiuiag 


i  Globules ; 


r  Albnmen, 
atid  2d.  SsBrx,  coiitainitig  j  Water. 
l  Salts. 


Condition*  favoring  or  retarding  Coagulation, — The  coagulation  oi 
the  blood  is  intincncfd  by  various  physiL-al  con<litions.  In  the  first 
place  it  is  suspended  by  a  freezing  temijoature.  If  the  blood  be  drawa 
into  a  narrow  vessel  surrounded  by  a  freezing  mixture,  bo  that  the  wbol^H 
of  it  is  ri»j>i«lly  cooled  duwn  to  0""  (33°  F.),  coagulation  does  not  occur. 
and  the  blood  reiuaitis  lluid  indefinitely,  Bt>  long  as  the  temperature  is 
lot  allnwud  to  rise  above  this  jioint.  A  variety  of  other  changes,  such 
as  fermentation,  putrefaction,  and  many  chemtcjd  combinations  or  de- 
ei impositions,  are  also  prevented,  as  it  is  well  known,  by  special  condi- 
tions of  turapenituve. 

Sectmdly,  the  coagulation  of  the  blood  is  prevented  by  certain  of  the 
neutral  salts.  If  fresh  blood  be  allowed  to  unngte  with  a  concentratei 
watery  solution  of  sorlium  snlpliate,  no  congidation  lakes  place.  This 
is  not  l'i'Cau*e  the  c<»:iguluiik*  material  hus  been  decomposed  or  chemi- 
cally akered;  Ix-canse  if  the  mixture  be  diluted  witli  six  or  seven  timvs 
its  Volume  of  water,  so  as  to  reduce  the  concentrntiim  of  the  saline  sola 
tion,  the  fibrinc  solidifies  in  a  few  moments  in  the  usual  manner. 

Co,ngnllation  of  the  blood  mny  also  be  hastened  or  retarded  by  vari 
tions  in  the  manner  of  its  withdrawal  front  the  veins,  or  in  the  surface* 
with  whit'h  it  afterward  comes  in  contact.  If  drawn  rapidly  from  a 
large  orifice,  it  remains  fluid  for  a  comparatively  long  time ;  if  slowly, 
from  a  narrow  oriJiee,  it  coagulates  qnickl}'.  The  shape  of  the  vessel 
into  which  the  blood  is  received,  and  tiie  condition  of  its  internal  sur- 
face, also  exert  an  influence.  The  greater  the  extent  of  surface  over 
wbieb  the  blood  comes  in  contact  with  the  vessel,  the  more  is  its  coiigii- 
lation  bustened.  If  the  l)|orKl  be  jdlowM  to  flow  into  a  tall,  narrow^ 
cylindrical  vessel,  or  into  a  shallow  plate,  it  coagulates  more  rapidly 
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than  if  received  into  a  liemispherical  bowl,  in  wliieli  the  extent  of  sur- 
face is  less,  in  proportion  to  tbe  quantity  of  bloud  which  it  contains. 
For  the  s:unc  rea^MJU,  coagtihitiou  takes  place  more  rHijittly  in  a  vessel 
with  a  roughened  internal  surface  than  in  one  which  is  smooth  ;  and 
blood  coagulates  most  rapidly  when  spread  out  in  thin  layers,  or  entan- 
gled amonyr  the  tibres  of  cloth  or  s])ouges.  llfiuorrhage,  aceordinglj', 
continues  longer  from  an  incised  wound  than  from  a  lacerate<i  onv ;  be- 
cause tlie  l»lood,  in  Hmving:  nver  the  ragged  edges  of  lacerated  tissues, 
solidifles  upon  Ihem,  and  thus  blocks  up  the  wound. 

In  all  eases  tliere  is  an  inverse  relation  between  the  rapidity  of  ooagu- 
latimi  .Tint  the  firmness  of  the  clot.  When  coagulation  takes  place  slowly, 
llie  clot  alXerward  Incomes  small  and  dense,  and  the  serum  is  abundant- 
When  it  is  rapid,  tlu-re  is  but  little  contrat-tion  of  the  coaifulunij  an  im- 
perfect separation  of  the  serum,  and  the  clot  remains  large,  soil,  and 
gelatinous. 

The  blood  coagulates  also  in  the  interior  of  the  vessels  of(er  stoppage 
of  the.  rirrulntioiK  Under  these  circumstances  coagulation  takes  place 
h'ss  rapidly  than  if  the  blood  were  wholly  withdrawn  from  the  body. 
In  man,  as  a  general  rule,  the  blooil  is  found  coagidated  in  the  cavities 
of  the  heart  and  large  vessels  in  from  twelve  to  twtmty-four  Lours  aAer 
death.  In  the  lower  animals,  coagulation  occurs  earlier  than  this, 
namely,  from  four  to  ten  hours  after  death. 

Coagulation  of  the  blood  takes  place  also  in  the  interior  of  the  body, 
during  life,  from  Itn-al  arrrxl  or  im/tedinteni  of  the  circulation.  Thus,  if 
blood  be  accidentally  extravasated  into  the  connective  tissue,  the  sub- 
stance of  the  brain  or  spinal  conl,  or  a  st  rons  cavity,  it  coagulates  after 
a  short  time,  and  forms  a  clot  which  takes  the  shape  of  the  cavity  occu- 
pieil  b^'  it.  If  a  ligature  lie  placud  upon  an  nrtcrj'  in  the  living  subject, 
the  blixjil  which  stagnates  above  the  ligatured  sjiot  Coagulates  as  it 
would  do  if  removed  fiom  the  circulation.  The  clot  extends  from  the 
ligature  backwarfl  to  the  situation  of  the  next  collateral  branch,  that  is, 
to  the  fK>lnt  at  which  the  movement  of  the  circidalion  still  continues. 
In  an  arterial  ant;urisin,  timing  life,  the  blood  in  the  dilatuii  portion  of 
tiie  artery,  which  is  6Utl!cienll.>  r«'movt'd  from  the  centre  of  the  curit-nt, 
gradually  congulates  nj)on  the  inner  surface  of  the  sac.  in  these  cases, 
as  well  within  as  outside  the  body,  and  during  life  as  well  as  after 
death,  the  stop|)age  or  rctard:*tion  of  the  circulatory  movement  induces^ 
after  a  time,  the  coagulation  of  tlic  blood. 

It  is  asserted,  however,  by  some  observers,  that  simple  stoppage  of 
the  circulation  during  life  will  not  induce  coagulation,  unless  the  inner 
membnuie  of  the  bluo<lvessels  be  woundefl  or  irritate<l.  Aceoiiling  to 
Hurdon  Sanderson,  if  Iilood  be  imprisfjued  in  the  jugular  vein  of  the 
living  rabbit  by  carefully  c<unpresHing  the  vessel  at  two  points  between 
transverse  needles,  so  arranged  as  not  to  wound  or  bruise  the  vascular 
coats,  it  will  remain  fluid  in  this  sittmtion  for  two  days;  while  if  ordi- 
nary ligatures  bo  [jlneed  immediately  nr<'Und  the  vessel,  a  coagulum  is 
forraeil  in  the  Isolatctl  portion  of  the  vein. 
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Tbe  coagulation  of  flbrine  is  not  a  commencement  of  organ izntioo. 
[It  is  simply  the  passage  of  an  albuminous  ingredient  of  the  blood  from 
Vits  noraial  fluid  condition  to  a  state  of  solidity.  Tbe  coagulalile  ingre- 
dient of  tlif  blood,  when  solidilied,  lias  lust  its  natural  proinrties  as  a 
CfiDstitueut  c»f  the  liquiii  plasma,  and  cumiot  afterward  be  restored  to 
its  origiiiid  condition.  The  clut,  therefore,  when  once  fonneii,  even  in 
the  intft'iur  of  the  system,  as  in  t-iises  of  ligatui'L-,  a))oplexy,  or  extrava- 
sation, becomcH  n  foreign  body,  atid  is  rtalisorljed  by  the  neighboring 
parts  during  eonvalcaceuce.  At  first  tlie  clot  is  comparatively  volumi- 
nous, euft,  and  of  a  deep  red  color.  Its  more  fluid  parts  are  then  reab- 
sorbed, and  the  clot  becomes  sra-.dler  and  den&er.  The  reil  ci)loring 
matter  grailually  tliminishes  as  absorption  goes  on,  and  finally  nltogetlier 
diiiiappears.  The  time  required  for  complete  reabsorjttion  varies  from  a 
few  days  to  several  munihK,  jicconling  to  the  size  of  the  clot  and  the 
situiitton  in  which  extravasation  has  taken  place. 

Nalurt'  fjf  tht:  Proct'ttn  of  Cvaguladon. — 'I'be  difBcuIty  in  fully  under- 
standing the  nature  of  co.agulation  dcpenils  upon  the  fact  that  the  blood 
nidurully  continues  fluid  under  all  ordin;iry  conditions  while  circulating 
in  the  vesbcis,  iiut  congidiitca  inevitably  within  a  few  minutes  aller  its 
removal.  Properly  s|R'uking,  the  fibrine  which  we  obtain  at  the  time  of 
coagulation,  eitlier  by  itself  or  us  forming  a  part  of  the  clot,  does  not 
pre-esist  in  the  bloo<l  with  the  same  constitution  and  properties,  other- 
wise it  would  coagulate  within  the  vessels  during  life.  It  must  be  de- 
rived from  some  ingreiliontof  the  bloorl,  which,  on  being  withdrawn  from 
the  current  of  the  circulation,  sufTcrs  a  ebjinge  b_v  which  it  b«foome« 
spontaneously  coagnlable.  It  is  not  easy  to  un<lerstand  what  this 
change  may  be,  or  what  are  the  imme^liate  inlUiences  which  pro<iuce  it. 

There  are  two  tlicories  in  existence  as  to  the  nature  of  coagulation. 
According  to  one  of  them  (Denis),  the  coagulahle  fibrine  is  produced  by 
tbe  spontaneous  decomposition  of  a  liquid  sub^t.once  fire-existing  in  the 
blood.  This  substance  is  termed  plasnu'uf^mvi  is  thonglitto  be  present 
in  the  plasma  of  the  blood  in  the  pro[iortion  of  25  p:uts  |x;r  thousand. 
When  witbtlrawn  from  the  cii-culation  it  (lecoroj>ofte»  or  separates  into 
two  new  Kubstiinct's.  One  of  these  is  fibrine  (3  jmrts  per  thousand), 
which  irnnieiliately  congnlatcs;  the  other  is  niotnlburaen  (22  purts  per 
thousand),  which  remains  flniil.  Tlie  basis  of  Uds  theory  is,  th.it  if 
fresh  blood  l>e  drawn  into  a  concentrated  solution  of  sodium  sulphate, 
as  above  stated,  no  coagulation  takes  place.  But  if  sodium  chloride  in 
powder  be  added  to  thi»  mixture  in  the  jiroportion  of  ten  per  cent.,  it 
precipitates  a  white  jjasty  Kubstaneo,  which  is  thrown  down  Iwcausc  it 
is  insoluble  in  a  sodium  cblnride  solution  rif  that  strength.  This  sub- 
stance, tbe  so-called  '^  plasm ine,"  represents  2f)  parts  per  thousand  of 
t lie  original  plasma.  Alter  its  separation  it  may  lie  readily  dissolved 
again  by  the  addition  of  water;  but  in  a  lewnicnncnts  its  solution  coagu- 
lates, yielding  3  parts  of  a  solid  matter  like  ordinary  fibrine,  and  22 
pnrts  of  a  liquid  substance  having  the  pro{K^rtie8  of  mctalbumen.  The 
a'bnmcn  proper  of  the  blood  remains  behind  in  the  sodium  ^-ilphate 
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solution,  not  ha\Jng  been  precipitated  by  the  additiun  of  aoiliutn  chlo- 
ride. 

According  tu  the  other  theory  (Schmidt),  the  coagulubk'  libiiue  is 
prodaceti  by  tlic  utiiou  of  two  previously  existing  substances,  neither 
of  which  is  coagulable  by  itself.  One  of  these  is  tavmud  fibrirw-platifu' 
matter,  because  it  luia  the  property  of  inducing  coagulation  in  a  liquid 
containing  the  other  material.  This  second  tiiaterial  is  named  Jibn- 
ijogt'n,  being  considered  as  more  directly  tlie  generator  of  the  coagutuble 
tibrine.  The  plasma  of  the  blood  it*  »u]iposed  tu  contain  both  these 
substances,  but  in  very  dilfeieut  quantities ;  the  fibrino-plastie  matter 
being  abundant,  the  fibrinogen  eonipanitively  scanty.  When  the  fibri- 
nogen, accordingly,  has  all  been  convertwl  into  flbrine  and  has  coag- 
ul.ateil.  a  8ur[>]iis  of  fibrino-plastie  matter  still  remains  in  the  serum, 
and  may  be  used  to  induce  coagulation  in  other  liquids  which  would  not 
I  coagulate  of  themselves.  This  last  fact  forms  the  basis  of  the  theory. 
If  the  clear  serum  from  coagulated  blood  be  added,  at  the  temiK-rature 
of  the  living  body,  to  fdtered  liydroeele  fluid,  after  some  uiiuutes  the 
mixture  coagulates  into  a  tranwparent  gelatinous  mass,  whicli  afterward 
exudes  a  colorless  serum.  Both  fibrijioplastic  matter  anil  fibrinogen 
are  obtained  from  the  liquids  containing  tliem,  by  dilution  with  water 
and  by  passing  though  them  for  a  considerable  time  a  continuous  stream 
of  carbonic  acid.  Fibrinogen  is  also  precipitable  by  the  additiou  of 
sodium  chloride  to  the  point  of  saturation. 

This  theory  not  having  been  found  sufflcient  to  account  for  all  the 
phenomena  of  coagulation,  its  author  has  modified  it'  by  suijpowing  th.at, 
while  fibrino-plastie  m.itter  and  fibrinogen  by  thetr  comltination  lurnish 
the  material  of  the  coagulable  fibriue,  they  need,  m  order  to  efiect  their 
onion,  the  infliience  of  a  third  substance,  which  does  not  itself  form  any 
part  of  the  fibrine,  but  wbicli  acts  as  a  f*'rnient  to  excite  the  combina- 
tion of  the  two  others.  A  fluid  acconlingly  may  contain  both  fibrino- 
plastie  matter  and  fd>rinogen,  and  yet  will  not  coagulate  unless  the 
ferment  be  also  present.  The  ferment  is  BU]>posed  to  be  generated  in 
the  bloofl  only  after  its  withdrawn!  from  the  vessels;  and  this  act-ounts 
for  its  fluid  condition  while  the  circulation  is  going  on. 

Neither  of  the  foregoing  explanations  rests  upon  complete  demonstra- 
tion. The  plasmine  of  Denis  may  be,  from  tlie  first,  a  mixture  of  two 
different  substaiicos,  both  of  which  are  precipitable  by  sodium  ehluride 
from  the  soflium  sulphivte  soUilicm;  and  the  union  of  the  twu  iibriiie 
generators  of  Schmidt,  under  the  influence  of  a  "  ferment,"  still  leaves 
it  quite  unknown  how  or  by  what  causes  tliis  ferment  is  generated  wiien 
the  bloo<l  coagulates  afler  removal  from  the  vessels.  The  only  tiling 
which  seems  absulntely  certain  is  that  a  substance  exists  in  the  blood 
in  small  quantity  which  becomes  coagulable  by  a  spontaneous  change 
goon  after  it  ia  withdrawn  from  the  influences  of  the  circulation 

If  we  endeavor  to  explain  wh}'  this  change  and  the  consequent 
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Intion  of  the  liloofl  do  not  occur  nonnally  in  the  bloodvessels  during  life, 
iLe  m<jat  important  facts  bearing  on  this  point  are  llmt  tbe  bloo<l  of  the 
rcual  and  iiL-putic  veins  yields  nu  lilirinc,  or  niucix  less  than  artcriiU  blood. 
TJie  substance  wbich  causes  couguliition,  tliercfore,  u  decomposed  and 
dittappeartf  fri>m  fh e  hliM)d  wh  He  paKxing  Ih  rouyh  thp  liver  and  thi;  kidneys. 
This  is  establiaheil  by  the  observations  of  Simon,  Lehmann,  and  Brown- 
Sdcinurtl.  While  an  abundance  of  Gbtinc  may  be  obtained  from  either 
fti'lfrijd  or  portal  bloo<l,  none  or  only  fcfble  traces  of  it  are  to  Ih?  fouad 
in  that  of  the  hepatic  or  tlic  renal  veins.  This  substance,  Ix-ing  con- 
BtanLly  eliminated  from  the  blood  in  tiiis  way  by  the  liver  and  kidneys,  is 
DocesHarily  produced  afresh  elsewhere  at  the  same  time,  since  its  quan- 
tity iu  the  blood  remains*  unchange<l ;  and  tlie  nt!W  loalerial  thus  formed 
is  sdso  rapidly  altered  by  a  continuation  of  the  same  process.  By 
calculating  approximately  the  quantity  of  blood  contained  in  the  whole 
body  iukI  that  passing  daily  through  the  liver  and  kidneys,  it  appears 
that  a  quantity  <>f  fi brine  equal  to  that  in  tlio  entire  blood  must  l>e  de- 
Htro>e<l  aufl  repro<hieed  several  times  over  in  the  course  of  a  single  day. 
Thus  the  librine  whicli  appears  in  a  sjjecimen  of  blood  drawn  from  the 
vessels  at  any  one  time,  and  which  causes  its  eoagidation,  is  derive<l 
from  H  substance  of  'vary  recent  forjuation  ;  and,  if  alloweil  to  remain  in 
the  bloodvessels,  it  would  have  disappeared  by  nu'tuiuorphosis  Ijvfore 
arriving  at  the  stage  of  coagulation. 

Usefulness  of  Ftbrine  and  of  itn  property  of  Coagttlalion. — Although.  ^^ 
the  fihrine  of  the  blood,  from  its  small  quiuitity  and  the  general  charac-  ^H 
ter  of  its  properties,  does  not  seem  to  take  a  direct  part  in  tlie  more 
essential  [ihenomena  of  nutrition,  it  is  still  a  very  important  ingredient 
of  the  circulating  fluid.  U|>on  the  presence  of  this  substance  depends 
the  process  by  which  nature  etfects  the  arrest  of  hemorrhage  from 
divided  or  ruiitured  bloud vessels.  Whenever  a  wound  is  accidentJilly 
maiie  in  vascular  tissues,  the  blood  at  first  flows  freely  fi'om  the  esternai 
orifice.  But  a  portion  of  the  blood  coagtdates  upon  the  edges  of  the 
wound,  and  after  a  time  the  successive  deposits  of  cogulated  fibrine 
Ix'Cotne  stifReicnt  to  cff-ctually  close  the  opening  and  ])revent  further 
loss  of  blo<jd.  The  proper  treatment  for  wounds  of  moderate  size,  in 
which  only  the  veins  and  capillaries,  or  small  arteries,  have  been  divided, 
is  simply  to  apply  compression  and  to  keeji  the  edges  of  the  wound  in 
contact  continijou.sly  for  fifteen  or  twenty  minutes.  By  this  time  the 
thin  layer  of  blood  between  the  wounded  surfaces,  thus  kept  at  rest,  has 
coagulated,  and  the  hemorrhage  does  not  Reappear  when  the  aitilicial 
compression  is  removed.  If  a  larger  artery  be  o]iened,  the  force  with 
which  the  blood  is  expelled  prevents  local  coagulation,  or  is  sufficient 
to  detach  the  coagula  after  they  are  formed.  In  such  cases  accordingly 
the  surgeon  places  a  ligature  upon  the  wounded  artery  itself,  and  in  tliia 
way  etfectually  controls  the  hemorrhage.  But  even  in  this  instance  the 
ligature  is  only  a  means  of  applying  compression  for  a  longer  time,  and 
is  still  temporary,  as  it  must  come  awa^'  again  when  it  ulcerates  through 
the  coats  of  the  vessel.    The  immediate  and  essential  means  of  stopping 
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the  flow  of  blood,  even  in  a  ligatured  nrtery,  is  tlie  congiilum  wliitili 
forms  within  the  vessel  behind  the  ligature;  and  which,  by  the  time  the 
ligature  is  detached  by  uieeraltou,  has  become  sutliciently  tirm  and  aflhe- 
rent  to  resist  the  iui|mlcie  uf  the  blood. 

The  im|)i>rt:uiC€'  of  flbline  in  this  respect  is  shown  by  the  difflculticH 
which  follow  in  cases  where  it  is  deficient.  In  some  instances  of  the 
ligature  of  large  iirteries,  in  patients  much  exhausted  by  injury  or  by 
previous  loss  of  blood,  tlie  surgeon  finds  that  when  tlie  ligature  cornea 
away  the  bleeding  begins  again,  no  internjd  clot  having  bt'en  formed ; 
and  a  second  ligature,  applied  above  the  situation  of  the  former  one,  is 
again  followed  b^-  secondary  hemorrhage.  In  certain  persons  also  there 
ap{H;ar8  to  be  a  congenital  deticiency  of  tlie  coagulating  ingredient  uf 
the  blood,  a  peculiarity  sometimes  observed  in  several  memlx;rs  of  the 
same  family;  and  in  these  cases,  any  slight  aceidoutal  wound,  or  tri- 
vial surgical  operation,  may  be  followed  by  lung-continued  or  even  fatal 
hemorrhage. 

Entire  Quantity  of  Blood  in  the  Jiody.—The  estimation  oF  the  whole 
mass  of  the  blood  in  the  living  body  is  surrounded  with  many  ditlieul- 
ties.  Tlie  first  and  simplest  metboil  adapted  for  this  purpose  was  by 
suddenly  dividing  all  the  ve.ssela  of  the  neck  In  the  living  animal  and 
collecting  all  the  blood  which  eseapeil.  This  method,  however,  was 
found  to  be  quite  faulty,  since  the  flow  of  bloo<i  ceases,  in  such  an 
esi>eriment,  not  because  the  whole  of  it  has  been  discharged,  but  btHjause 
poagula  have  formed  about  the  <>rifice8  of  the  divide^l  vessels  and  because 
the  force  of  the  heart's  hcIIou  is  no  longer  sufficient  to  overcome  the 
obitrnction.  A  certain  qunntitv  of  blood,  therefore,  always  remains  in 
the  iKKly  after  death  by  hemorrhage;  and  this  qu:mtity,  as  shown  by 
Buhsequent  experiment*,  may  even  amount  to  over  25  per  cent,  of  the 
whole  mass  of  blood.  The  nidmal  therefore  dies  before  he  has  lost  quite 
three-fourths  of  the  circulating  fluid. 

Other  niethotis  have  been  ndo|>ted  by  various  experimenters,  none  of 
which  are  absolutely  free  from  all  possible  sources  of  error.  The  best 
is  that  by  which,  after  all  the  Itlood  is  discharged  which  can  be  mafle 
to  escape  sjxintaneously  from  tUvided  vessels,  the  eirculntorj'  fi3-stem 
is  immediately  injected  with  water  or  a  weak  saline  snlution,  until  the 
fluid  of  injection,  after  traverwing  the  vascular  chimnels,  returnn  nearly 
or  quite  colorless.  The  quantit}-  of  blood  which  it  has  thus  washed  out 
of  the  vessels  is  then  ascertained,  either  by  .1  comparison  of  its  color 
with  that  of  a  watery  dilution  of  blood  of  known  strength,  or  by  com- 
paring the  quantity  of  its  solid  ingredients  with  that  of  a  similar  watery 
dilution. 

The  roost  accurate  of  those  processes  is  that  employed  by  Rteinlierg,' 
wlio,  after  bleeding  the  animid  to  death,  injected  the  aorta  with  a  waterj' 
solution  of  sodium  chloride,  of  the  wlrength  of  one-half  per  cent.,  until 
the  fluid  of  injection  returned  colorless.     The  whole  of  the  fluid  which 
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had  been  ased  for  injection  being  tbcn  minglerl,  a  small  quantity  of  it 
waa  taken,  anil  tin.*  proportion  ol'  hc'inoglobiiie  C'ontaine<i  in  it  <lutcnnined 
by  the  spectroscopic  tust  as  Ibikmi* :  Equal  ijiiantitiea  of  pure  blo*.>d  were 
placed  in  two  eimilar  tcst-tnbcs,  and  diluted,  one  of  them  with  pure 
water,  the  other  with  Ihe  fluid  of  injection,  until  each  of  tbem,  plrieed 
before  the  slit  t^f  the  spL'Ctrosco]>e,  just  allowed  tlio  green  light  of  the 
spectriira  to  become  visible.  From  tbe  relative  quantities  of  the  two 
liquids  wliieh  must  be  added  to  produce  thiii  result,  the  auiouut  of 
hemoglobiue,  and  Gonsequeiitly  of  lilood,  extractevl  by  tl»e  injection  could 
be  readily  calculated.  This  quantity,  added  to  that  which  hml  escaped 
spontaueouely  from  the  vessels,  gave  the  entire  amount  of  blood,  aa 
follows : 

Quantity  or  Blood,  in  vabioub  amhaui.  as  compared  with  the  weiciht  or  tiii 

WHOLE  BOOT. 

In  Dogs,  from  8.00  to  8.93  per  ceat 

"  Cats,  "     8.40  "  9.61 

"  Guiuea-pig3,    "     8.13  "  8.33 

"   Rabbits,  "     7.50  "  8.13        '• 

There  is  evidence,  however,  that  tlie  quantity  of  blood  varies  naturally, 
in  the  same  aiiim.d,  acconliug  to  the  condition  of  the  system  at  large, 
and  especially  according  to  that  of  the  digestive  process.  Steinberg 
found  that  in  the  cat,  while  fa.nling,  the  percentage  of  blood  was  reduced 
from  8.40  to  5. (J  I  |tcT  cent.  Bernard'  has  observed  that  if  two  aninmle 
of  the  same  weight,  one  of  which  is  in  full  digestion  while  the  other  i» 
fasLinp,  be  suddenly  deca[)itate(l,  the  quantity  of  blood  discharged  from 
the  former  is  much  greater  than  that  from  tlie  latter.  He  has  als<» 
shown  that,  in  a  rabbit  during  digestion,  twice  us  much  blood  can  be 
withdrawn  wiLhout  causing  death,  aa  in  one  of  the  same  weight  but 
in  the  fasting  condition.  The  volume  of  the  blood,  therefore,  contained 
in  the  body,  flnetuales,  within  certain  limits,  with  the  alternate  intro- 
duction of  nutritious  matter  by  digestion  and  its  expenditure  during 
the  inten'al  of  fasting. 

The  most  satiHfactory  determination  of  the  quantity  of  blood  in  the 
human  sul>ject  i.-i  tlnat  b}'  Weber  and  Lehmann.'  These  observers 
opt  rated  upon  two  criminals  who  snlTercd  death  by  decapitation ;  the 
methods  and  results  being  esseutially  the  same  in  both  cases.  In  one 
of  them  the  body  weighed  liefore  decapitation  C0.14  kilogrammes  ;  and 
tiie  blood  which  escapexl  from  the  vessels  at  the  time  of  decapitation 
amounted  to  5540  grammes.  In  order  to  estimate  the  qunntity  of  blood 
which  remained  in  the  vessels,  the  experimenters  injected  the  arteries 
of  the  head  and  trunk  with  water  until  it  returned  from  the  veins  of  a 
pale  red  or  yellow  color,  collected  the  fluid  thus  returned,  and  ascer- 
tained how  much  solid  matter  it  held  in  solution,     This  amounted  to 


'  Le<;on8  aur  les  Liquidos  dc  rOris^aniflmc.     Paris,  Ifl.'iO,  tome  i.  p.  419. 

•  Physiological  C'lieinislry.  Ca,veiidisli  edition.     London,  1853,  vol.  iL  p.  269. 
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37.24  grammes,  corresponding  to  1980  grammes  of  blood.     The  result 
of  the  experiment  is  therefore  as  follows : 

Blood  which  escaped  from  the  vessels    ....    5540  grammes. 
'*  remsuned  in  the  body         ....     1980        " 

Whole  qnantity  of  blood  in  the  living  body,  7520        " 

The  blood,  accordingly,  in  these  cases  amounted  to  12.54  percent,  of 
the  entire  bodily  weight ;  and  the  body  of  a  healthy  man,  weighing  65 
kilc^pimimes  (143  pounds  avoirdupois)  will  contain  on  the  avei-age  8187 
grammes  (18  pounds)  of  blood. 


The  most  conBtant  and  striking  phenomenon  presented  by  living 
organi.Hms,  lH>th  noiiual  and  vegetable,  is  the  absorption  of  oxygen.  A 
eiipply  of  this  Hubatanee,  either  Ln  the  gaseous  form  as  a  constituent 
part  of  the  ntniospheric  air,  or  tliysolved  in  water  or  other  Ii<]ui<l8,  is 
indispensably  requisite  for  the  miiintenanee  of  life  and  the  manifestation, 
of  vital  phenomena.  Oxygen  exiats  ditfiised  everywhere  over  the  sur 
fat-e  of  the  earth,  foruiiiig  rather  more  than  one-filth  part  of  the  volume' 
of  the  atmosphere,  and  it  is  dissohed  in  greater  «>r  less  abundance  in 
tilt-  water  of  .springs,  rivers,  lakes,  and  seas.  Animals  and  plants,  ac- 
cordingly, whether  living  in  the  air  or  in  the  water,  are  surrounded  by 
media  in  which  this  siibstanec  Is  constantly  present.  Even  parasitic 
organisms,  inhabiting  the  interior  of  otLer  living  bodies,  and  the  fcctus 
during  the  period  of  its  intra-uterine  development,  though  not  imme- 
diately in  contact  with  oxygen,  are  supplied  with  nutritious  fluids  whieh 
have  thi'mselves  been  exposed  to  its  influence.  The  function  of  re>tjn- 
ralion  consists  in  the  prooe.ss  by  which  oxygen  penetrates  the  substance 
of  li^•ing  organiams,  togetiier  with  the  changes  wliich  accompany  and 
follow  its  introduction. 

Respiratiun  in  Vegetabltis. — In  regard  to  the  phenomena  of  respira- 1 
tion  in  vegetables,  a  flintinction  is  to  bema<ie  between  respiration  proper 
and  the  absoiption  of  gaseous  matter  for  the  production  of  organic 
material.  It  is  well  known  that  all  green  plants,  under  the  influence 
of  the  solar  light,  have  the  power  of  absorbing  carbonic  acid  and  water, 
and  of  partially  deoxidizing  these  substances,  to  form,  with  their  re- 
maining elements,  stareh,  alhdose,  and  fat.  The  0x3  gen  thus  sepa- 
rated from  its  inorganic  combinations  is  exhaled  by  the  plant  in  a  (me 
form ;  while,  as  a  result  of  the  process,  an  aecuraulation  of  organic  ma- 
terial takes  place  in  the  vegetable  fabric,  whit-h  increases  in  substance, 
and  may  afterwar<l  serve  for  the  nutriiiou  of  animal  bodies.  This  ac- 
cordiugly  is  not  a  process  of  respiration,  but  one  of  organie  protluetion. 
It  is  peeiiliar  to  vegetables,  animals  having  no  power  to  i)roduce  organic 
material,  and  therefore  dei>end(ug  upon  vegetables  for  their  snjjply  of  food. 

Animals,  on  the  other  hand,  eonsmne  the  organic  material  thu.s  \n'o- 
duced,  rtt  the  same  time  alworbing  oxygen  and  exhaling  carbtkiic  acid 
and  water.  In  this  respect  there  is  an  opposition  between  the  actions 
of  animal  and  vegetable  life,  by  which  they  stand  in  a  complementary 
relatiim  to  eaeli  othei'.  Vegetal*les  ])roduce  organie  matter  by  a  process 
of  deoxidatloii ;  animals  consume  it  with  the  phenomena  of  oxidatiou. 
(  5J70  ) 
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But  this  apparent  opposition  between  the  phenomena  of  animal  and 
vegetable  life  only  exists  because  plants  haA-e  the  speeial  power  of  pro- 
^duuiiig  organic  matter,  by  wjiieh  ihey  becomo  the  source  uf  nourish- 
^T taent   for  t^ie  entiie  living  creation.     The  organic   substances   so  pro- 
duced do  not  inimediately  take  part  in  the  more  active  phenomena  even 
of  vegetable  life.     They  are,  on  the  contrary,  dejjositeil  in  a  more  or  less 
quiescent  form,  ami  constitute  a  reserve  material,  to  be  aftcrwanl  trans- 
formed  and  assimilated  by  tlie  plant,  or  consiitoed  by  herbivonms  ani- 
mals.    In  vegetables,  as  well  as  in  animals,  u  true  respiration  also  takes 
place,  which  is  marko<l  in  both  instances  by  the  absorption  of  oxygen. 
The  deoxidizing  process,  by  which  orgtuiic  matter  is  produce*!,  occurs 
only  in  green  vegetables,  and  umler  the  influence  of  the  solar  light; 
while  the  absorption  of  oxygen  is  a  constant  phenomenon,  taking  place 
^in  both  green  and  colorless  plants,  and  in  darkness  as  well  as  iu  the 
IRight. 

The  more  active  [>lTenonK'na  of  vegetation,  moreover,  are  immeilialely 
dejx^ndent  upon  the  absorption  of  oxygon,  and  cannot  go  on  wiUioiit  it. 
When  I  fie  starch  wliieh  has  lieen  stored  up  in  the  seed  becumes  liquufied 
and  converted  into  sugar,  and  the  process  of  germination  an<l  growth 
begins,  the  absor]>tion  of  ox^'gen  is  necessary  to  its  continuance.  This 
is  seen  not  only  in  germluating  seeds,  but  also  in  expanding  leaf  and 
^^fiower  buds,  nil  of  wlitch  organs  consume  in  a  short  period  st*veral  times 
^lltieir  volume  of  oxygen.  The  processes  of  goi-mination,  growth,  and 
flowering,,  as  well  as  the  intra-cellular  movement  of  the  v<>getal>le  plasma, 
the  motions  of  the  sensitive-plant  in  response  to  stimulus,  and  the  po- 
riodical  movements  of  the  leaves  in  certain  other  vegetable  species,  allJ 

f?ase  in  an  atnios|)herc  deprived  of  oxytfcn.'     The  function  of  respira- 
on  is  accordingly  a  universai  one,  and  essential  to  all  forms  of  vital 
itivity. 
Org&ni  of  Bespiration. 

The  process  of  respiration  takes  place  very  actively  in  the  mammt 

hlians  and  birds,  less  so  in  reptiles  and  fishes;  and  in  these  diti'ercnt 
classes  the  organs  by  whioli  it  is  accomplished  vary  iu  size  and  struc- 
ture according  to  the  activity  of  the  function  itself.  Its  necessary  con- 
tritions everywhere  are  that  the  circulating  fluid  should  be  exposed  in 
^^ome  way -to  the  influence  of  the  atmospheric  air  or  of  an  aerated  fluid. 
^Bf  he  respiratory-  apparatus,  accordingly,  consists  essentially  of  a  moist 
^^nnd  i>ermeable  animal  membrane,  termed  tlie  respiratory  meiubiane, 
with  bloodvessels  on  one  side  of  it,  and  air  or  an  nerated  fluid  on  the 

I  other.     The  blood  and  the  air,  consequently,  do  not  come  in  direct  con- 
loct  wilh  each  other,  but  absoqition  and  exhalation  take  place  through 
Ibe  respiratory  membrane  which  lies  between. 
I     '  Mayer,  Lehrbuch  der  Agrikaltur-Checiie. 
91-95. 
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HuAn  ASD  OtLLs  or   Menobran rnnB. 


In  most  aquatic  animals^  the  rc-spiratory  organs  have  the  form  of 
gitlis  or  brandtise:  llint  ifl,  filamentous  prolongations  of  some  part  of  the 
integumt'tit  or  mucous  merabranes,  whicli  cotil.iin  an  nbuu(intit  supply 
of  blowlvessels,  find  wliicb  liang  out  freely  into  tlie  surrouiuiing  water. 
In  many  kinds  of  ampliibiuus  reptiles,  as,  for  oxrunple,  iu  Mcnobranchug 

(Fig.   90),  tliere  are  ufion  each 
I^jg-  ^-  side  of  tlie  neck  feathery  tufts  or 

proloiigiitioiis  from  the  mucous 
membrane  of  the  pharynx,  which 
pass  otit  through  Interal  fissures 
in  the  neck.  Each  filament  con- 
sists of  a  thin  fold  of  muoous 
membrnne,  containing  in  its  in- 
terior a  network  of  minut*  blood- 
vessels. The  venous  blood,  as  it 
enters  the  filament,  is  exposed  to 
the  influence  of  the  surrounding 
water,  ami  is  thus  converted  into  arterial  blood.  The  apparatus  is 
further  supplied  with  a  eurtilaginous  framework  and  ft  set  of  muscles, 
liy  whicli  the  gills  are  kc[)t  in  motion,  and  constantly  brought  into  con- 
tact with  fresh  portitnis  tif  the  aeratiMl  fluid. 

In  terrestrial  and  air-breathing  animals,  the  respiratory  apparatus  is 
situated  internally.  In  salamanders  and  newts,  for  example,  which, 
though  partly  aquatic  in  their  habits,  are  air-breathing  animals,  the 
lungs  arc  cylindrical  sacs,  running  nearly  the  entire  U-ngth  of  the  body, 
commencing  anteriorly  by  a  communiualion  with  the  pharynx,  and  ter- 
minating by  rounded  extremities  at  the  posterior  part  of  the  ab<lomen. 
These  air-sacs  have  a  smooth  internal  surface  ;  and 
the  blood  which  circulates  through  their  vessels  is 
art^riatized  by  exposure" to  the  air  contained  in  their 
cavities.  The  air  is  forcect  into  the  lungs  by  a  kind 
of  swallowing  movement,  and  is  after  &  lime  regur- 
gitated and  discharged,  to  make  room  for  a  fresh 
supply. 

In  frogs,  turtles,  and  serpents,  the  cavity  of  the 
Inng,  instead  of  being  simple,  is  divided  by  incom- 
plete partitions  into  a  number  of  smaller  cavities  or 
"  cells."    The  cells  all  communicate  with  the  central 
pulmonary  cavity;  and  the   partitions,  which  join 
cjieh  othtM-  at  various  angles,  are  eom|>osed  of  thin, 
projecting  vascular  folds  of  the  lining  membrane. 
(Fig.  91.)     By  this  arrangement,  llie  extent  of  sur- 
face |>rc»ented  to  the  air  by  the  |>ulnionary  membrane  is  increased,  and 
the  arteri:ilization  of  the  blood  takes  place  with  a  correspon<ling  degree 
of  rapidity. 

In  man,  and  in  the  warm-blooded  quadrupeds,  the  lungs  are  construct e<l 
on  n  plan  casentially  similaT  to  the  above,  but  which  differs  from  it  iu 


Fig.  91. 


Ituxo  OF  Fkoo, 
eut  open,  ihowlag  Um 
Intcroitl  lurfAue. 


HcVAM   LAKTax,  Tbacbea,  Bkowohi,  and    L>rM08;    Bhowinif  the  ramlflcntlon  of 
the  bronchi,  aoil  the  dlviilon  of  the  lung*  into  lobules. 


Then  follows  the  tr.iclipa,  a  raembranoila  tube  with  cftrtitaginotis  rings, 
which,  upon  its  entrance  into  the  chest,  divides  into  tlie  right  and  left 
bronchi.  These  divide  sucLiesssvely  into  secondiiry  and  tertiary  bronchi; 
the  subdivision  continuing,  while  the  bronchial  tubes  grow  smaller  and 
more  oamerous,  and  sepamte  constantly  from  each  other.  As  they 
diminish  in  size,  the  tubes  grow  more  delicate  in  structure,  and  the  car- 
tilaginous rings  and  plates  disappear  from  their  walls.  Tliey  are  Anally 
reduced,  according  to  KoHiker,  to  the  size  of  0.3  millimetre  in  diameter; 
and  are  composed  only  of  a  thin  mucous  membrane,  lined  with  pave- 
ment epithelium,  resting  upon  an  clastic  fibrous  layer.  They  are  then 
known  as  the  *^  ultimate  bnmchial  tul»s." 

Each  ultimate  bronchial  tube  terminates  in  a  pyramidal  division  or 
islet  of  the  pulmonary  tissue,  about  2  millimetres  in  diameter,  which  is 
termed  a  "  pulmonary  lobule."  Each  lobule  may  be  eon«idered  as  rep- 
resenting the  entire  frog's  lung  in  niiniattire.  It  consists  of  a  vaseuiar 
membrane  in  the  form  of  a  pyramidal  sac,  the  cavity  of  which  is  divided 
into  secondary  compartments  i)y  thin  septa  or  |>artitions  which  project 
from  its  internal  surface.     These  secondary  cavities  are  the  "  pidmonary 
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veslclea."  They  have,  ftccording  to  KoUiker,  an  average  diameter  of 
about  0.25  millimetre;  but  owing  to  tlie  elasticity  of  their  walls,  each 
vesicle  is  ciipablc  uf  dilatiiij;  to  double  or  triple  its  former  size,  and' 
returning  to  its  original  dimeii'^ioiia  wliiiii  the  distending  force  is  re- 
moved. There  is  every  reason  to  believe  tliat  during  life  tliej"  are  alter- 
ii.itely  enlarged  and  diminished  in  size,  as  thu  lungs  are  filled  and  emptied 
with  the  movements  of  respiiation. 


Fig.  93. 


Fig.  94. 


SlNGLR  L><>BnLK  nP  H  tr  ]|  ^  <(  LtTlfO. 
— a.  I'lttumte  bronrhint  lube.  ^.  Oavlty  of 
lobule.    c,c,c.  Fulmonnr]:  vesiclea. 


Nhtwore  or  OArtLL^iST  Btoon- 
-vEBaiiLB  In  the  Pulmonary  Veiiclei  of  ibe 
Horse.    {Trey.) 


Each  pulmonary  vesicle  is  covered  upon  its  exterior  with  a  close  net- 
work of  eapitlary  bloodvessels,  which  penetrate  into  the  septa  between  It 
and  the  mljacent  cavities,  and-  wliich  are  thus  exposed  on  both  sides  to 
the  influence  of  the  almospheric  air.  In  the  walla  of  t!ie  vesieh'S,  and 
also  in  the  interspaces  between  the  lobules,  there  is  an  abundance  of 
elastic  tissue,  which  gives  to  the  pulmonary  structure  its  proi)erty  of 
resiiiienev.  The  thin  layer  of  pavement  epithelium  lining  the  ultimate 
broncliial  tubes  extends  into  the  cavities  of  the  lobules  .ind  vesicles* j 
forming,  according  to  the  observations  of  KoUiker,  a  continuous  invest- 
ment  of  their  internal  surface. 

The  abundimt  involution  of  the  rest^iratory  membrane,  elTected  by  the 
subdivJMion  c»f  Ihe  bi'onchial  tubes  and  the  muki|)li('ation  of  the  vascular 
septa  between  the  vesicles,  existing  in  the  lungs  of  man  and  the  mam- 
nialians,  evidently  increases  to  an  extraordinary  degree  the  functional . 
activity  of  the  organs  of  respiration.     The  entire  exteat  of  the  ri'spira-i 
tory  surface   in   the  human  lungs  has  been  estimated   at  1.30  square 
metres,  whieh  is  probably  not  an  exaggeration.     The  blood,  accordingly, 
in  the  pulmonary  capillaries,  distributed  in  thin  layers  over  so  large  a 
surface,  in  imnie<]iate  proximity  to  the  air  in  the  cavity  of  the  vesicles, 
is  placed  under  the  most  tuvurabk  cuuditious  for  its  rapid  and  complete, 
ai'terializatlon. 


HOTEMEXTS    OF    BESPIRATIOK. 
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Hovementi  of  Respiratioa. 

The  air  which  is  coiitfiieieil  in  the  luilmonarj  lobules  and  vesicles, 
oing  used  for  the  purpose  of  artcriulizing  the  blood,  becomes  rapidly 
vitiated  in  the  proccsa  of  respiration,  and  ri'qi»in?9  accordingly  to  be  as 
rapidly  expelled  aiifl  replaced  by  a  fresh  supjily.  Tliis  t-xchzuitre  or 
renovation  of  ibe  air  is  efl'ecte*!  by  alteninte  nioveniciitsi  of  the  chest,  of 
expansion  and  colhipse,  which  follow  each  other  in  regular  succession, 
and  which  are  known  as  the  "  movement  of  inspiration,"  and  the  "  move- 
ment of  expiration." 

Movement  of  Ini^piration The  expansion  of  the  cheat  is  effected  by 

ivTO   sets   of   muscles,  namely,  the    diaphragm  and   the  intercostal^. 
'"While  the  diaphragm  is  relaxed,  it  h:w  the  form  of  a  vaulted  partition, 
the  edges  of  wiiich  are  attached  to  tlie  inferior  extremity  of  the  sternum, 
the  inferior  costal  cartilages,  the  borders  of 
the  lower  ribs  and  the  bodies  of  the  lumbar 
vertebr«,  while  its  convexity  rises  into  the 

rivity  of  the  chest,  as  high  as  the  level  of 
the  fifth  rib.     When  the  fibres  of  tlie  dia- 
phragm contract,  their  curvature  is  neces- 
K warily  diminished;  and  they  ap])roxtraate  a 
Uraight  line,  in  proportion  to  the  extt-nt  of 
their  contraction.     Consequently,  the  entire 
^convexity  of  the  diaphragm  is  rliuiitiished  in 
le  same  proportion,  and   it  descends  to- 
rard  the  alxiomen,  enlarging  the  cavity  of 
le  chest  from  above  downward.     At  the 
same  time  the  intercostal  muscles  enlarge  it 
in  a  lateral  direction.     For  the  ribs,  articu- 
lated behind  with  the  bodies  of  the  vertebrae, 
and  attached  to  the  sternum  by  the  flexible 
^and  elastic  costal  cartilages,  are  so  arranged 
iat,  in  a  position  of  rest,  their  convexitiea 
'look    obliquely    outward    and    d(twuwai-rl. 
Wlien  the  movement  of  inspiration  is  about 
commence,  the  first  rib  is  fixed  by  the 
)ntraclioa  of  the  scaleni  muscles,  an«],  the 
itercostal  nuisclea  then  contracting  simul- 
"taneously,  the  ribs  are  drawn  upwanl.     In 
this  movement,  as  eaeii  rib  rotates  upon  its 
articulations  with  the  spinal  column  at  one 
extremity   and    with    the    sternum   at   the 
other,  its  convexity  is  necessarily  carried 
outward  at  the  same  time  that  it  is  drawn 
upward,  and  the  parietes  of  the  chest  are 
cpanded  laterally.     The  stemura  rises  slightly  with  the  same  move- 
ent,  and  enlarges  to  some  extent  the  anteroposterior  diameter  of  the 


Diagram     iLLrsTBATiwo 

TJIB     RBtfriKATOBY      MOTK- 

if  KHTS. — a.  Oftvlty  of  the  oh««t. 
b.  DlnphrKg-in.  The  dnrk  out. 
\\ae»  iliow  the  figure  of  the  oh«it 
when  coUapsed ;  thodottoi]  lines 
■how  the  same  whcu  pxpitudeil. 
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thorax.  By  the  simultaneous  actiun  of  the  diaphrngni  which  descends, 
and  of  the  hitercoHtui  muscles  wliieL  lift  the  ribs  and  the  Htemuin,  the 
cavity  of  the  chest  \h  fxpanded  in  cvtry  direction,  and  the  air  passes 
•  inward,  through  llic  trachea  and  bronchial  tubus,  by  the  force  of  aspira- 
tion. 

The  action  of  these  two  seta  of  respiratory  muscles  is  indicated  extei^ 
nully  by  two  ililfereut  motions,  visible  to  the  eye;  namely,  an  expansioa 
of  the  cliiiat,  due  to  the  action  of  the  intercostals,  nnd  a  protrusion  of 
the  idMliMneu,  catiHitl  by  tiie  descent  of  tlje  diaphragm.  In  children,  as 
well  lis  in  the  adidl  male,  in  the  ordinary  quiescent  condition,  the  dia- 
phrajrni  performs  mo.st  of  the  work  in  the  act  of  inspiration;  and  the 
inovcintnta  of  the  alKlomen  are  the  only  ones  wliich  are  esjjecially 
niiirked.  Anj^  muscular  exertion,  however,  pro<lucea  an  increased  expan- 
sion of  the  chest;  aitd  the  movement  of  the  ribs,  accordingly,  becomes 
more  plainly  viiiible  after  walking  or  running.  In  the  female  the  move- 
ments of  the  cliest,  and  particularly  of  its  upper  half,  arc  habittiaby 
more  jiromint'nt  tlian  those  caused  by  the  action  of  the  diaphragm; 
and  tht.^  dilference  in  the  mechanism  of  respiration  is  a  characteristic 
mark  of  the  two  sexes. 

In  certain  abnormal  conditions  the  activity  of  either  the  intercostal' 
muscles  or  the  diaphragm  may  Vkj  separately  suspended,  leaving  the 
entire  work  of  respiration  to  be  performed  by  the  remaining  set  of 
muscles.  If  the  intercostal  muscles  be  paralyzed,  by  disease  or  injury 
of  the  spinal  cortl  in  the  lower  cervical  or  upper  dorsal  region,  tlie 
thorax  remains  quiescent  in  respiration,  while  the  protrusion  of  the 
abdomen  is  incniased  in  extent  to  a  correspomling  degree.  This  mode 
of  breathing  is  called  abdominal  rexpiration. 

In  cases  of  peritonitis,  on  the  other  hand,  or  any  local  inflammation 
within  the  abdominal  cavity,  the  movements  of  the  diaphragm  are  some- 
times restrained,  owing  to  the  pain  which  they  excite  in  the  inflamed  sur- 
faces. This  is  known  as  tlwracic  ri'itpiralion  ;  since  the  expansion  of 
the  chest  becomes  more  active  than  usual,  and  is  the  only  visible  move- 
ment performeil. 

Movement  of  Expiration, — After  the  movement  of  inspiration  is 
accomplishetl  and  the  lungs  have  been  filled  witit  air,  the  diapliragm 
and  intercostal  muscles  relax,  and  amovementof  expiration  takes  plaeCi 
by  which  the  chest  is  partially  emptied,  and  a  portion  of  the  air  con- 
tained in  the  pulmonary  cavity  is  expelled.  Wiiila  the  movement  of 
in8[jiration,  however,  is  an  active  one,  accomplished  by  means  of  mus- 
cular contraction,  that  of  expiration  is  a  ])assivc  one,  resulting  from  a 
combination  of  several  forces.  The  principal  one  of  these  forces  is  the 
elastic  reaction  of  the  lungs  themselves,  due  to  the  numerous  fibrt's  of 
elastic  tissue  which  enter  into  the  structure  of  the  walls  of  the  pul- 
monary vesicles  and  smaller  bronchial  tubes,  and  are  disseminated  gene- 
rally between  the  lobules.  The  existence  of  this  elastic  force  in  the 
pulmonary  tissue  is  readily  demonstrated  by  removing  the  lungs  from 
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the  chest  of  a  recently  killed  animal,  distending  them  by  artiScifli  ML 
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■UisulSatiun  through  a  tiilie  inserted  into  the  trachea^  and  thou  relk-ving 
khem  from  pressure.     They  at  once  react  with  sulHcient  jwjwer  to  expel 
the  hirger  portion  of  the  air  which  hud  been  forced  into  their  cavities. 
^^  The  same  elastieity  being  couHtimtly  present  during  life,  the  uir  is  sub- 
^Mected  to  its  presnure,  and  is  constquently  exjwiletl  as  soon  as  the  mus- 
^Heles  of  inspiration  cease  to  act.     Other  organs,  however,  aid  in   tlie 
^l^nie   process.     I'he  coital   cartilagen,  which  are  al»o  elastic,  having 
been  twisted  slightly  out  of  fHisition  by  tiie  elevation  of  the  ribs,  resume 
^^tbeir  original  form,  and,  drawing  the  ril>8  down  again,  thus  serve  to  com- 
^■|>res8  the  sides  of  tlie  chest.     Lastly,  the  abdominal  organs,  which  have 
^l)een  displaced  by  the  d»:«icent  of  the  diaptiniLrm,  are  foree<]  backward 
by  the  elasticity  of  the  abdominal  walls  and  of  their  own  fibrous  attnch- 
ments,  carrying  the  relaxed  diaphrngm  before  them.     By  tlie  cunstant 
recurrence  of  these  alternating  movements  of  inspiration  and  expiration, 
fresh  portions  of  air  are  incessantly  introduced  into  and  expelled  from 
^Uibe  chest. 

^V  All  the  air,  however,  contained  in  the  lungs,  is  not  changed  at  each 
movement  of  respiration.  On  the  contrary,  a  considerable  quantity 
remains  in  the  pulmonary  cavity  after  the  most  complete  expiration; 
and  even  when  the  lungs  have  been  nnioved  from  the  chest,  they  still 

■contain  a  certain  amount  of  air,  which  cannot  be  entirely  displaced  by 
Rny  violence  short  of  disintegrating  the  pulmonary  tissue.     It  is  evi- 
dent, therefore,  that  only  a  comparatively  small  portion  of  the  air  in 
the  lungs  passes  in  ancl  out  with  each  respiratory  movement:  and  it 
will  require  several  successive  respirations  before  it   can  be  entirely 
changed.     The  proportion  existing  between  the  air  which  is  changed  at 
each  respiration  and  the  entire  quantity  containeti  in  the  chest  varies 
considerably  with  the  different  conditions  of  lire  respiratory  function; 
but  the  average   results  obtained  by  ditferent  observers  show  that,  in 
^^eneral,  the  volume  of  the  inspired  and  expired  air  is  from  10  to  13  per 
^Kent.  of  that  contained  in  the  whole  of  the  pulmonary  cavity.     Thus  it 
I      will  require  from  eiglit  to  ten  Tespirationa  to  renovate  completely  tbo 
air  in  the  hmgs. 

Respiratory  Movements  of  the  Qloftig. — Beside  the  movements  of 
expansion  and  collapse  already  described,  belonging  to  the  chest,  there 
are  similar  movements  of  respiration  which  take  place  in  the  larynx. 
If  the  respiratnry  passages  be  examined  iu  the  state  of  collapse  in  which 
they  are  usually  found  after  death,  it  will  be  observed  that  the  opening 
of  the  glottis  is  smaller  in  calibre  than  the  cavity  of  the  trachea  below. 
The  glottis  presents  the  appearance  of  a  narrow  chink,  while  the  passage 

I for  the  inspired  air  widens  in  the  lower  part  of  the  hirynx,  and  in  the 

^ftrachea  constitutes  a  spacious  tube,  neaily  cylindrical  in  f*hnpe,  and  over 
^"12  millimetres  in  diameter.  We  have  found  that  in  the  human  subject 
the  space  included  between  the  vocal  chords  has  &n  area,  on  the  aver- 
se, of  only  one  square  centimetre;  while  the  calibre  of  the  trachea  in 
le  middle  of  its  length  is  3,81  square  centimetres.  This  disproport/ion, 
which  is  BO  evident  after  death,  does  not  exist  during  life.     While 
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respiration  is  going  on,  thore  is  a  regular  movoment  of  tbe  vocal  chords, 
synchronous  with  the  insj>ir:ttorv  and  expintlory  movements  of  the 
clicst,  l>j  which  the  size  of  tliir  jrhitlis  h  niternately  enlargetl  and  dimin- 
ished.     At  inspiration,  the  glottis  opens  and  allows  the  air  to  pass  freely 


Fig.  96. 


Fig.  97. 


V 


H  rut  AN  I.ARYHX,  Tlpwed  from  iibnvc 
In  ltd  ordlanry  poHt-inortem  condiiinn. — o. 
Vocal  chords.  It.  Thyroid  cnrUlngp.  c,  c. 
Arytenoid  OKrtllB(cei.  o.  Opening  of  ttie 
Blottla. 


The  Bump,  with  the  (glottis  openert  by  »ep». 
rntlon  of  the  vorni  chord*. — a.  Vueitl  cborOi. 
6.  Thyrotd  enrtiUge.    c,c.  Arytenoid  e*r1U  ' 
l*gM.    a.  OiHtnlnjf  of  the  glottii. 


Fig.  98. 
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into  the  trachea ;  at  expiration  it  collapses,  and  the  air  is  driven  ont 
from  btlow.  Thes<!  movemunU  jire  tho  "  respiratory  movements  of  the 
flottis."  They  corrcspoiui  in  every  respect  with  tliose  of  the  clicst,  and 
nrc  excited  or  retankd  Ity  siniilar  causes.  Wlieiiever  the  general  move- 
ments of  reB[tiratioii  arc  hurried,  tjjose  of  tlie  gh'ttin  become  accelerated 

at  the  same  time  ;  and  when  the  movements 
of  the  chest  are  elowcr  or  fainter  than 
usual,  those  of  the  glottis  are  dimioishccl 
in  the  Batiie  proportion. 

In  the  respirut(jry  motions  of  the  glottis, 
as  in  those  of  the  chest,  tlie  movement  of 
inspiration  is  an  active  one,  fltid  that  of  ex- 
piration passive.  In  tnspirfition,  the  glottis 
is  opened  by  ci.nitraetioii  of  the  jwHterior 
crieo-arytenoid  miiwles.  These  muscles 
originate  from  the  posterior  surface  of  the 
cricoid  cartilage,  near  the  rainlian  line  ;  and 
their  fibres,  ruiming  ujiward  and  outwani, 
arc  inserted  into  tlie  extcnud  angles  of  the 
arj'tenoid  cartihiges.  By  the  contraction 
of  these  muscles,  during  the  movement  of 
HrxAK  1.AIIVSX,  rosTKRtoR     inspiration,  the  arytenoid    cartilages   are 

viKW. — Ik  Thyroid  csrtilAge.     6.  ,     ,  ii_    •'..•«    i.-  ..i 

Kpigioms.   c,  c  Arytenoid  onrti-    rotated  uj)0n  their  articulations,  so  that 
i«BM.    d.  Cricoid  cnrtiifXRc.    t,  t.     their  anterior  extremities  are  carried  out- 

Poitorlor  crioo.aryteDold  muiclei.  ,  ,,,  iii..ii  i 

/.  Traohea.  Ward,  and  the  vocal  chorda  stretclied  and 
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mrated  from  each  other.  In  this  way,  tlie  orifice  of  the  glottis  may 
be  nearly  doubled  in  size,  being  incrcaseil  from  0.94  to  l.Cd  square  cen- 
timetre. 

At  the  time  of  expiration,  the  posterior  crico-aiytenoid  muscles  are 
relaxed,  and  the  elasticity  of  the  vocal  chords  brings  them  back  to  their 
ler  position, 
I  The  motions  of  respiri\tii>n  consist,  therefore,  of  two  sets  of  move- 
ments, namely,  those  of  tlie  fbcst  and  tlio!>e  u(  tlie  plottts.  Tliese  move- 
ments, in  the  natural  conrlitiun,  correspond  with  each  other  both  in  time 
aud  intensity.  It  is  at  the  same  time  and  by  the  same  nervous  influence, 
that  tlie  chest  expands  to  inhale  the  air,  while  the  glottis  oiictis  to  admit 
it;  and  in  expiration, the  muscles  of  both  chest  and  glotlia  are  n-laxod, 
while  the  elasticity  of  the  tissues  restores  the  parts  to  llieir  original 
condition. 

Rapidity  of  ihe  3Totiem.ents  of  Heapiration. — The  movements  of  res- 
piration  in  the  Immnn  sirbjoot  follow  each  other  in  goncrul  with  great 
regularity,  and,  according  to  the  residts  obtained  from  the  most  exten- 
sive and  varied  oliscrvntions,  nre  jjcrformed  on  the  average  with  a 
rapidity  of  20  inspirations  per  minnte.  This  rate  varies  considerably 
under  tlie  influence  of  different  conditions,  one  of  the  must  important  of 
which  is  age.  It  is  well  known  that  resjiiratinn,  as  a  rule,  is  more  rapid 
in  young  children  than  in  the  adult,  and  Quetclct  has  found,  as  the 
average  of  a  large  number  of  observations,  that  in  the  newly  bora  infant 
the  rate  is  44  per  minute,  and  at  the  age  of  b  yi.-ars  2<>  per  minute  ;  Ix;- 
coming  reduced  to  llie  standard  rapidity  of  20  per  niinute  ln-tweeu  tho 
ages  of  liflccn  and  twenty  j-ears.  Even  in  the  ailuit,  a  condition  of  rest 
or  activity  readily  influences  the  number  of  respirations:  as,  accordijig 
to  the  same  observer,  thej*  are  leas  fre(nient  during  steep  than  in  the 
waking  condition.  Even  a  difference  in  position  has  been  found  to  have 
a  perceptible  etfect,  the  noml.ier  of  respirations  being,  in  the  same  indi- 
vidual, 19  per  minute  while  lying  down,  and  22  per  minute  when  standing 
up.'  Any  especial  muscular  activity,,  as  the  rapid  motion  of  walking 
or  running,  at  ouee  increases  the  frecjuency  of  respiration,  whicli  rutuma 
to  its  ordinary  regularity  sunn  after  the  exertion  has  ceased. 

Id  all  cases  the  movements  of  respiration  are  involuntary  in  character, 
and  even  their  acceleration  or  diminution  is  regulated  by  influences 
beyond  our  control.  It  is  possible  for  a  short  time  to  increase  or  retard 
.he  rate  of  respiration,  within  certjiin  limits,  l)y  voluntary  effort;  but 
this  cannot  be  done  continuously.  If  we  intentionally  arrest  or  diminish 
the  respirator^'  movement^*,  alter  a  short  inter\'al  the  nervous  impulse 
becomes  too  strong  to  be  controlled,  and  the  movements  necessarily 
resume  their  regular  frequency.  If  on  the  other  hand  we  endeavor  to 
iJbreathe  much  more  rapidly  than  twenty  times  per  minute,  the  exertion 
■fron  becomes  too  fatiguing  to  be  continued,  and  the  rate  of  movement 
Tetnms  to  its  normal  standard.     The  movements  of  respiration,  accord- 


Milne-E«lward.s.  Lcqods  sur  1»  Phvsiolo^ie.     Paris,  1857,  tomo  ii.  p.  483. 


ingly,  as  they  are  actually  perfoi  mtHl,  hi  infancy  and  cbiltlliooc 
Hleep,  and  for  ttie  grealcr  part  of  the  wakiug  cuuriition,  when  Uic  atten- 
tion is  not  (iirecteci  to  Uicm,  are  purely  nutonmtic  in  character,  like  Ui«j 
pulsations  of  the  heart,  and  do  not  require  the  expenditure  of  any 
voluntary  exertion. 

Qitantily  of  Air  uned  in  Rfupiraiion. — Like  all  the  qiiantitatire  esti- 
mates  cnunwted  with  respiration,  that  of  the  volmnti  of  air  habitually 
inspircil  and  oxpired  with  the  Itreath,  vnrifs  cunniderolily  as  given  hy 
diderent  observers.  The  ditfereiifes  iucideiit  to  the  different  individuals 
stdijoctt'd  to  ol)f»enation,  nntl  tu  the  conditions  of  rest  or  activity,  pre- 
vent our  arriving  at  an  abfinlutely  invariable  standard.  The  average 
result,  however,  wliich  raoat  nearly  confonns  to  the  truth,  as  derived 
from  several  of  the  most  trustworthy  experimenters,  as  well  as  from 
our  own  obsciTatioria,  is  that  which  gives  the  amount  of  air  taken  into 
and  ex|ielk'd  from  the  lungs  with  each  bispiratiou  and  expiration  as  ^20 
cubic  centi metres.  It  is  certain  that  this  estimate  is  not  above  the 
reality.  If  we  take,  accordingly,  eighteen  resj)iration8  per  minute  as 
the  mean  rapidity  between  the  gleepinjsr  and  waking  hours,  this  would 
amount  to  57*>0  cubic  centimetres  of  inspired  air  per  minute,  345,600 
per  hour,  and  8,294,400  cubic  centimetres,  or  82!14,4  litres  per  day.  But 
as  the  breathing  is  increased,  both  in  rapidity  and  extent,  by  every 
muscular  exertion,  the  entire  quantity  of  air  daily  used  in  respiration  is 
not  leas  than  10,000  litres,  or  a  little  over  350  cubic  feet 

Tlic  quantity  of  air  daily  used  in  respiration  is  sometinies  employed 
IIS  a.  basis  for  calculating  the  air-space  necessary  to  allow  for  each  in- 
mate of  a  hospital  or  school-room-  This  estimate  alone,  however,  can 
never  give  sufllcicnt  data  for  the  purpose.  The  snccessful  ventilation 
of  a  room  depends  not  so  mncli  on  the  rjuantity  of  air  which  it  contains 
at  any  one  time  as  upon  the  quantity  of  fresh  air  iutro<.luce<l,  and  of 
vitiated  air  expelled,  wilhin  a  certain  period.  The  air  of  a  small  room 
widch  19  thoroughly  ventilated  may  be  amply  sufllcicnt  for  respiration, 
while  that  of  a  lurgo  room,  if  allowed  to  remain  stacnunt,  will  gradually 
become  unfit  for  use.  A  large  air-spnee,  in  any  occupied  apartment, 
will  rcn<ler  vcntil.ation  more  easy  of  accotiijilishment  by  ordinarj' 
methods,  because  the  air  will  not  be  so  rapidly  vitiated  by  the  same 
number  of  persons  as  if  it  were  in  smaller  volume;  but  the  air  must 
still  be  cimnged  with  a  rapidity  pj-oportionate  to  that  of  its  contamiua- 
tion,  in  order  to  nuiiutain  the  apartment  in  a  wholesome  condition. 

Changes  in  the  Air  by  Respiration. 

The  atmOHphrric  iiii-,  as  it  is  drawn  into  the  cavity  of  the  lungs,  is  a 
mixture  of  oxygen  and  nitrogen  in  the  proportion,  by  volume,  of  alM>ut 
21  parts  of  oxygen  to  79  parts  of  nitrogen.  It  also  contains  about  .05 
per  cent,  of  carbonic  acid,  a  varying  quantity  of  watery  vapor,  and 
some  tr.icea  of  nmmonia.  The  last  named  iiigiedicnts,  so  far  as  animal 
respiration  is  conccmcd.  nre  quite  insignificant  in  comparison  with  the 
oxygen  and  nitrogen  which  form  the  principal  part  of  its  mass. 
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If  collected  and  exftmiiifd,  after  passing  tbrouyli  the  lungs,  tlie  siir  is 
found  tu  have  become  altered  in  the  following  particulars:  first,  it  has 
•'Ost  oxygen ;  secondly,  it  Ima  gnineil  csiibouie  acid ;  and  thirdly,  it  has 
absorbed  the  vnpor  of  watvr.  The  most  iiii|)t)rtant  of  Iht-se  changes  are 
its  diminution  in  oxygen  and  its  int- rease  in  cnrbonic  acid. 

Diminution  of  Oxygen. — Acconliiig  to  the  researches  of  Yalentin, 
Vieronit,  Regnault,  and  Reiset,  the  air  loses  during  respiration,  on  an 
average,  live  per  cent,  of  its  volume  of  oxygen.  At  cacli  ins[>ir:ition, 
therefore,  nlwjut  10  cnbtc  centimetres  of  ox^'gen  are  removed  fium  the 
air  and  absorbed  by  the  blood;  and,  as  we  have  seen  that  the  daily 
quantity  of  air  u>4ed  in  re>^pi ration  19  about  10,000  litres,  the  entire  quan- 
tity of  oxygen  thna  consiuudl  in  twenty-four  hours  is  not  less  than  oOO 
litreB.  This  is,  by  weight,  T15  grammes,  or  rather  more  than  one  pound 
and  a  half  avoirdupois. 

In  consequence  of  this  diminution  in  oxj'gon,  air  which  has  once  been 
breathed  is  less  cjipnble,  both  of  suiii)ortiiig  eenibostioti  iuid  of  serving 
for  respiration,  than  befnrc.  If  an  animal  beconlint-d  in  a  limited  space, 
the  air  becomes  poorer  hi  oxygen  as  respiration  goes  on;  and  wlien  its 
propoi'tion  has  been  reduced  to  a  certain  point,  the  animal  dies  by  suf- 
focation, because  the  substnuce  which  is  essential  to  life  is  no  longer 
present  in  sufficient  quantity.  Different  kiiida  of  aniuuils  are  affected  in 
different  degrees  of  intensity  by  a  given  diminution  in  the  proportion  of 
AtmoHpheric  oxygen.  Coltl-blooilcd  animals,  in  which  respiration  is 
naturally  a  comparatively  slow  process,  may  continue  to  breathe  when 
only  a  verj'  small  tiuantity  of  oxygen  is  present;  and  it  h:is  been  fouiHl 
that  electrical  fi*;hes,  as  well  as  Bliigs  aij«i  snails,  may  continue  respira- 
tion anlil  they  have  completely  exhausted  the  oxj'gen  in  the  water  or 
the  air  in  which  »hey  are  conftncd.  But  in  species  where  the  respira- 
tion and  circulati(m  are  carried  on  with  activity,  aa  in  birds,  in  quad- 
rui>ed8,  and  in  wan,  a  partial  reduction  of  tlie  oxygen  is  sulllcient  to 
cause  death.  If  tlie  carbonic  acid  exhaled  be  absorbed  by  an  alkaline 
solution,  so  that  the  purity  of  the  air  be  maintained,  it  is  found  that 
a  sparrow  dies  in  an  hour  Avhen  its  pioporlidu  of  oxygen  has  been 
gradually  reduced  to  15  per  cent.;  and  a  mouse  dies  in  five  minutes 
when  the  oxygen  \<i  redueed  to  10  Jx^^  cent.;'  the  remainder  of  the  air 
in  both  cases  consisting  of  nitrogen.  In  man,  also,  asphyxia  ia  almost 
immediately  produced  when  the  projjortion  of  oxygen  has  fallen  to  10 
I»er  cent. 

As  a  candle  flame  is  also  extinguished  in  an  atmosphere  deprived  of 
oxygen,  this  is  sometimes  employecl  as  a  test  to  tictennine  whether  it 
bo  safe  to  enter  an  atmosphere  the  composition  of  wliii-h  is  doubtful. 
In  bread-rooms  and  beer-vats,  where  the  jyroccss  of  fermentation  li;is 
been  going  on,  in  ohl  wells  which  have  been  for  a  long  time  closctl,  or 
in  an}'  newly  opene<l  underground  cavity  or  passage,  the  atmosphere  is 
frequently  so  poor  in  oxygen  that  suffocatioa  would  at  once  follow  if 
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they  wore  to  be  entered  without  precaution.  A  lightcfl  candle  is  aeconl- 
iiigly  first  let  dona  into  tbe  suspected  cavity,  and  if  a  sullicient  quiuility 
of  oxytren  be  present,  it  eoutimiea  to  buju ;  if  nut,  it  is  imiucdiatuly 
extingiiinhcd. 

This  test  is  the  more  viihiahle,  because  it  is  found  tiiat  the  proportiod 
of  oxygen  nece^ssary  to  support  the  combustion  of  a  camllc  is  a  little 
greater  tbau  that  required  An*  tlie  immediate  eontinnanee  of  respiration. 
A  candle  is  extinguished  when  the  air  contains  only  IT  |>er  cent,  of  its 
volume  of  oxygen,  while  a  little  leas  than  thia  may  still  serve  a  short 
time  for  respiration.  Aeconling  to  Milne-Edwards,  a  man  may  still 
keep  111)  respiration  in  an  atniospliere  wliich  is  iusuffleient  to  support 
combustion ;  and  we  have  repeatedly  seen  pigeons  continue  to  breathe, 
thonph  with  ditUculty,  in  uir  in  which  a  candle  flame  was  immediotely 
extiufrufshed. 

Although,  however,  an  atmosphere  containing  from  10  to  17  per  cent 
of  oxygen  is  not  immediately  fatal  to  uimi  by  sullbcatioii,  it  is  htill  unfit 
for  continued  breatliing.  The  deficiency  is  not  siilHcient  to  stop  respira- 
tion at  once,  but  after  a  time  its  deleterioua  elfects  become  manifest, 
and  increase  in  intensity  with  each  re|x?tition.  A  complete  renewal  of 
the  deteriorated  atmosphere  is  essential  to  the  perfect  performance  of 
the  respii'fttury  process. 

The  absorptiiin  of  oxygen  by  diffprent  species  of  animnU  %'nrie9 
according  to  their  general  state  of  functional  aetfvity ;  and  this  differ- 
ence ma^'  be  manifested  even  between  species  belonging  to  the  same 
class.  Thus  it  has  been  ftmnd  that  in  the  sparrow  the  amount  of 
oxygen  absorbi-il,  in  jiroporlion  to  the  wuighfc  of  tlie  body,  is  ten  times 
as  great  as  in  tlie  common  fowl ;  anil  in  a  carp  the  quantity  consumed 
in  the  coui-se  of  an  hour  woidd  hardly  be  suflicient  for  the  respiration 
of  a  pigeon  for  a  single  minule. 

In  the  same  individual,  also,  a  temporary  increase  of  muBCnlar  activity 
augmenls  in  a  marked  degree  tlie  al)Sor|ition  of  oxygen  by  the  lungs. 
In  the  human  subject  it  was  found  by  Lavoisier  and  Seguin  that  a  man, 
who  in  the  ordinary  quiescent  condition  absorbed  a  little  over  19,000 
cubic  centimetres  of  oxygen  per  hour,  consumed  nearly  13,000  cubic 
cenliiuc'Lri's  of  the  same  g;i9  during  lil^i-en  minutes  of  Jictive  muscular 
exercise;  the  rapidity  of  absorption  In-ing  thus  increnswl  to  more  than 
2^  times  its  former  rate.  On  the  other  band,  the  same  process  is  dimin- 
ished in  activity  during  Bleep;  ami  in  the  hibernating  animals,  and  in 
insects  which  inulergo  transformation,  at  the  time  of  their  most  pro- 
found lethargy  is  rerluccrl  to  a  mere  vestige  as  coni|>an'd  with  its  Usnal 
activity.  Spallanzani  observed  that  in  insects  the  amount  of  oxygen 
consumed  in  a  given  time  by  the  chrysalis  was  far  less  than  that  alv 
sorlxtl  Ix'foit)  or  atlerward  by  the  caterpillar  or  the  butterfly ;  and  in 
the  cx]>erimei)ts  of  Regnatitt  and  Reisct  upon  the  marmot,  at  the  eom- 
monccm<Mit  of  the  cold  Beason,  the  consumption  of  oxygen  by  this 
animal  was  about  600  cubic  centimetres  per  hour  for  every  kilogramme 
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of  IxxJily  weight,  while  after  bihcrnatioii  was  fully  estnl)li«hed  it  was, 

rt<luee<l  tu  2t)  cubic  cuntiiiiL'tros  per  kilogrninrae  per  hour. 

The  ulworption  uf  ox3gt!U,  acoonlingly,  in  Iho  process  of  respir.ation, 

IB  dii-ectly  associated,  so  far  as  regards  its  rapidity  and  atnuuut,  with  thu 

pli^'siological  activity  of  the  living  or^auistn. 

Increase  of  Carbonic  Acid. — The  expired  air  iisimlly  contains,  in 
^jnan,  about  4  per  cent,  of  its  volume  of  carbonic  acid,  which  it  has  ab* 
^^krbtHi  in  its  passage  through  tlic  lungs.  Rather  less  than  13^ cubic 
^itentimetres  of  this  gas  are  acconlingly  givoii  off  with  each  ordinary 
!       expiration;  and  as  wc  have  found  that  10,(J00  litres  of  air  are  iiabitually 

iiihalod  and  discharged  <luring  twent3'-four  hours,  this  will  give  4U0 
^^Itres  of  carbonic  acid  as  the  amount  expired  per  day.  This  quantity 
^Hp,  b}'  weight,  786  grammes,  or  rather  le:js  than  oue  pqund  and  tbree- 
^quarigra  avoirtlnjiois. 

feThe  rate  of  exhalation  of  carbonic  acid  by  respiration  varies  in  the 
me  manner  and  according  to  the  same  conditions  as  the  absorption 
oxygen.     In  a  general  way  it  may  be  said,  as  the  result  of  many 
ustworthy  oliservations,  both  in  animals  and  ni:in,  that  the  quantity 
111  ciirlMiiiiu  acid  exhaled  (hiring  a  given  time,  in  proportion  to  the  weight 
I      of  the  bo<ly,  is  increased  by  mu^^icular  exertion  or  by  any  ph3'siological 
activity  of  the  eystera,  and  is  tliminisbed  liy  quietude,  during  Bleep,  and 
in  a  rttate  of  inanition. 

These  facts  havo  been  established  more  partietilarly  for  the  human 
subject,  in  a  special  series  of  investigations  by  Prof.  Scharling,'  who 
found  that  the  quantity  of  carbonic  acid  exhaled  was  greater  during 
digestion  than  in  the  fusting  condition.  It  was  greater  in  the  waking 
state  than  during  sleep;  and  in  a  state  of  activity  tlian  in  one  of  repose. 
It  was  diminished  by  fatigue,  and  b}'  most  conditions  which  iuterfero 
with  jjerfect  health. 

I L  It  is  also  known  that  in  ninn  the  habitual  rate  of  exhalation  varies 
Ipconling  to  age,  sex,  constitution,  and  development.  These  variations 
■ere  very  fully  investigat«<l  by  Andral  and  Gavarret,  who  found  them 
■>  bo  very  marked  in  different  individuals,  notwithstanding  that  the 
pc)x>riments  were  made  at  the  same  period  of  the  day,  and  with  the 
subject  as  nearly  as  possilile  in  the  same  condition.  Thus  they  fouu'l 
^^tiat  the  quantity  of  carbonic  acid  exhaled  per  hour  in  five  difl'erent  per- 
^H>us  was  as  follows : 

^^B  Quantity  or  Carbonic  Acid  pkr  bocr. 

^^V  In  subject  No.  1 19,770  cubic  centimetres. 

^H  .1        M        ..    2 15,888      ■* 

^B  3 20.475 

^H  4 20.475 

^H  "        "        "    5     .        .         .         ,        .        .     26,0t)0      •• 

^H  With  regard  to  the  difference  proilueed  by  age,  it  was  found  that  from 
^^Be  |>crio<l  of  eight  years  tip  to  puberty  the  quantity  of  carbonic  acid 

^^^^^  •  AunalcB  Je  Cbimie  et  cle  Physique.     Paris,  1843,  tome  viii.  p.  490. 


increases  constantly  with  the  age.  Tims  a  boy  of  eight  years  pxhale«, 
oil  the  iiveriigt',  9238  cubic  ceuUiiietres  per  Lour ;  ■while  a  boy  of  lilUt-u 
yuars  Lxliales  lfi,16S  cubic  cciitiniL'trcs  in  thi;  same  time.  Boys  exhale 
during  this  perioil  uiore  carbonic  acid  than  girls  of  the  same  nge.  Id 
mail's  tills  augraentiition  of  ihe  qiuuitily  of  carbonic  acid  continues 
till  ihf  twenty-fifth  or  tbiitiuth  year,  when  it  reaches,  on  the  average, 
22,89y  cubic  centimetres  per  hour.  Its  quantity  then  lemams  stationary' 
fur  ten  ur  tilLcen  years ;  then  diminishes  blightly  from  Uie  fortieth  lo 
the  sixtieth  year;  and  alter  sixty  ycai's  diminisheH  in  a  marked  degree, 
so  that  it  may  fall  ati  low  as  17,01)0  cubic  ceutiim'tre-s.  In  one  su|>crau> 
niiuted  pyrsoii,  102  years  of  age,  Audral  jxud  tisivarret  found  the  hourly 
quiintity  of  carbonic  acid  to  be  lesa  than  11,000  cubic  centimetres. 

In  women,  the  inereasu  of  carbonic  aeid  ceases  at  the  period  of 
puberty;  and  its  pr<n|iiction  then  remains  constant  until  the  cessation 
of  lueiistriiation,  about  the  (ortieth  or  forty-fifth  year.  At  that  time  it 
increaries  again  until  after  lifty  years,  when  it  sub'iequcaitly  dimiuishe* 
with  the  approacli  of  old  ago,  as  in  men.  Pregnancy,  occmring  at  any 
time  in  the  above  period,  produces*  a  temporary  increase  iu  the  quantity 
of  carbonic  acid. 

The  strength  of  the  constitution,  and  particularly  the  development  of 
the  inufifiilar  ti/)yte7n^v:'d&ionud  to  have  a  great  influence  in  this  respect. 
Tlic  largest  production  of  carbonic  acid  observed  was  iu  a  young  man, 
2<i  years  of  :igc,  whose  frame  ]jreiseTitc<l  a  remarkably  vigorous  juid 
athletic  devetopiueiitj  and  who  exhaled  26,060  cubic  centimetres  per 
hour.  On  the  other  hand,  an  unusually  large  skeleton,  or  an  abundant 
de^iosit  of  adipose  tissue,  is  not  aecompanieil  by  any  similar  increase  of 
the  carbonic  acid, 

Amlral  and  Gavarret  sum  up  the  results  of  their  investigation  as 
follows  : 

1.  The  quantity  <if  carbonic  acid  exhaled  from  the  lungs  in  a  given 
time  varies  with  the  age,  tiie  sex,  aiul  the  constitution  uf  the  subject. 

2.  Iu  the  male,  as  well  as  in  tliu  female,  the  quantity  of  carbonic  acid 
varies  according  to  age. 

3.  During  all  periods  of  life,  the  male  am)  female  may  he  distinguished 
by  the  diUbrLiit  quantities  of  ciirbunic  acid  exhaled  in  a  given  time. 
Other  thing'*  being  equal,  tlie  mule  exhales  a  larger  quantity  than  the 
female.  This  dilferenee  is  partieulaily  marked  between  the  ages  of  16 
and  40  years,  during  which  period  the  male  usually  exhales  twice  as 
mueh  earbonic  acid  as  the  female. 

4.  Iu  llie  uiale,  tlie  quantity  of  carbonic  acid  increases  constantly  from 
eight  to  thirty  years ;  and  the  rate  of  this  increase  undergoes  a  rapid 
augmentation  at  the  period  of  pnljcrty.  Beyond  forty  years  the  exha^ 
latiun  of  carlxmic  acid  begins  to  decrease,  mid  its  diminution  is  more 
markvd  as  the  intUviilual  approat;he^  extreme  old  sge,  so  that  near  the 
termination  of  life,  the  qiumtity  of  carliouic  acid  produced  may  he  no 
greater  than  at  the  nge  of  ten  years. 

D.  In  the  female,  the  exhalation,  of  carbonic  acid  increases  accoi'ding 


\o  the  same  law  as  hi  the  mak",  from  the  age  of  eight  yeara  until  piiDcrt y. 
But  at  the  period  of  puljerty,  at  tl»e  appearance  of  menstruation,  Ihe 
(.'xh-ahitioQ  c«?aso8  to  iiK'n-aBC  ;  ami  it  allurwanl  roniains  etationnry  so 
long  as  tlie  menstrual  pt-riotls  recur  with  regularity.  At  the  eessaliou 
of  the  menses,  the  quantity  of  carbonic  aeid  increases  in  a  notable 
luaiuior;  then  it  decreases  again,  as  in  tlie  mule,  toward  old  age. 

6-  l)uring  the  whole  period  of  pregnnucy,  tiie  exhalation  of  carbonic 
acid  rises,  for  the  time,  to  the  same  standard  as  in  women  whose  menses 
have  ceased. 

7.  In  both  sexes,  and  at  all  ages,  the  quantity  of  carbonic  acid  is 
greater,  as  the  constitution  is  stronger  antl  the  niuseular  system  more 
fully  developed. 

The  process  of  res[)iration  is  not  altogether  eonfined  to  the  lungs, 
but  the  discharge  of  carbonic  aeid  takes  plaeo  also,  to  a  slight  extent, 
both  by  the  urine  and  the  perspiration.  Morin'  hns  found  that  the 
urine  always  contains  gases  in  solution,  of  whieh  earhonic  acid  is  eon- 
siflerably  the  most  abunilant.  The  mean  result  of  fifteen  observations 
siiowcd  that  urine  excreted  during  the  night  coutaina  about  1.1)6  per 
cent,  of  its  volume  of  carbonic  aeid.  During  the  day  the  quantity  ot 
tliis  gas  contained  in  the  urine  varied  ironsiderably,  according  to  the 
condition  of  muscular  repose  or  activity  r^  since  after  remaining  quiet  for 
an  hour  or  two,  it  was  only  1.19  per  cent,  of  the  volmiie  of  the  urine, 
^hile  after  continued  exertion  for  the  same  space  of  time,  not  only  was 
the  urine  augmented  in  quantity,  but  the  proportion  of  carhi>nic  acid 
contained  in  it  was  nearly  doubled,  amomiting  to  2.29  jkt  cent,  of  its 
volume. 

An  eqtml  or  even  greater  activity  of  gaseous  exhalation  takes  place 
by  the  skin.  It  has  been  found,  l.y  inelosirtg  one  of  the  limbs  in  an  air- 
alight  case,  that  the  air  in  wliieh  it  is  confined  loses  oxygen  and  gains 
carbonic  acid.  From  an  experimtnt  of  this  sort,  Prof.  Scharling  esti- 
mated that  the  carbonic  acid  given  off  from  the  whole  cutaneous  surface, 
in  man,  is  from  one-sixtieth  to  one-thirtieth  of  tliat  discharged  during 
ilie  same  ]:>erinil  from  the  lungs.  In  the  more  recent  and  comjilete  obser- 
vations of  Aubert  u]>on  this  snbject,  the  whole  body  without  clothing 
M-as  confined  in  an  air-tight  case,  leaving  only  the  bead  exposed.  A 
coutinuoua  ventilation  of  the  space  was  kept  up  during  the  course' 
of  the  exjM'riment  with  idr  free  from  carboidc  acid,  wliilc  the  cnrbonic 
acid  exhaled  from  tiie  surface  of  the  body  was  absorbed  by  baryta- 
water.  Each  observation  lasted  for  two  hours,  and  the  averiige  result 
obtained  was  that,  for  the  entire  day  of  twenty-four  hours,  198  cubic 
centimetres  of  carl»onic  acid  were  exhaled  from  the  skin;  a  quantity 
ivpresenting  rather  less  than  0.5  per  ccid.  of  that  given  off  by  the  limg;? 
ID  the  same  time. 

In  the  amphibious  reptiles,  as  frogs,  newts,  and  salamanders,  which 
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'  Reehorches  mir  lesGaa  hbreadeTUriue. 
Paris,  1864,  tome  xlv.  p.  396. 
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In-t'athe  by  Inn^s,  and  yet  can  remain  nn'ler  writer  for  a  consiilerablfl 
timf,  the  thiti,  uioist,  and  flexible  integument  tuki.-!*  a  still  more  acti\'< 
part  iJi  the  {U'ocess  of  respiration.     The  skin  in  these  animiiis  is  covere<l, 
not  wilb  dry  etitielc,  but  wiLlj  a  delicate  la^er  ot'cpitluiium.     It  accord* 
ingly  presents  all  tlie  euiiditions  neceesary  lor  the'   necumplidliineat  of| 
respiration  ;  lUid  wliile  the  auioial  remains  beneatli  the  Burtice  of  thti 
water,  tliongh  the  hiugs  are  in  a  state  of  eompanitive  inactivity,  tl 
exhalation  and  absorption  of  gases  continne  to  take  phieo  through  the! 
Bkin,  aii<l  respiration  goes  on  without  interruption. 

lielalion  bclweeti  lite  Qj^yijun  nbnorbed  in  rcttpirtUion  and  the  Car'. 
bunic  Avid  giiien  aff. — It  has  been  seen  that,  in  the  human  subject,  witll 
each   respiration,  on  the  average,  Ifi  cnlVic  centitnetres  of  oxygen  nrel 
taken  into  tbe  syste^m  by  abHor|)tioii,  and  13  cubic  centimetres  of  eap-j 
bonic  acitl  given  olf.     As  the  oxygen  thus  taken  in  weighs  nither  lestj 
than  .023  granvnie,  while  the  carbonic   acid    discharged   weighs  .0251 
gramme,  it  is  evident  that  the  gross  result  of  tlic  process  is  a  loss  of] 
Weight  to  the  system,  and  this  loss  of  substance  by  continued  respirrwl 
tiou  amounts  on  the  average  to  a  little  over  70  grammes  per  daj'.     This] 
is  one  of  the  most  important  facts  connected  with  the  ph^'siology  of  I 
respiration.     It  nhows  that  this  functinn  is  carried  on  at  the  expense  of] 
the  substance  of  the  animal   bntiy,  since  tlie  oxygen  and  carbon  dis-j 
charged  under  the  form  of  carbonic  acid,  weigh  more  than  the  oxj'goa] 
wliieh   is  absorbed  in  a  free  state.     Tins  dillerenee  in   quantity  mus 
accordingly  be  supplied  in  some  way  bj-  the  ingredients  of  tl>c  foo<I| 
and  if  this  be  withheld,  the  progress  of  resjiirntion  alone  will  Ix?  snlli' 
cieut  to  diminish  gradually  the  weight  of  the  body,  and  to  bring  it  to  a, 
state  of  more  or  less  complete  emaciation. 

If  we  eiideavor  to  ascertjun  what  becnmes  of  the  oxygen  itself,  it  is' 
found  that  the  quantity  of  this  giis  which  riisappe.Trs  from  tbe  inspired 
air  is  not  entirely  replaced  in  the  carbonic  aeid  exhaled;  that  is,  thei 
is  less  oxygen  in  the  earbouio  acid  which  is  returned  to  the  air  by  exiii 
ration  than  has  been  lost  by  it  during  inspiration. 

The  proportion  of  oxygen  whieh  disapjtears  in  the  interior  of  the 
body,  over  and  above  that  retium  d  in  the  breath  under  the  form  of 
carbonic  acid,  varies  in  different  kinds  of  anfmnls.  In  the  herbivora  it 
is  about  10  ]ier  cent,  of  the  whole  sniount  of  oxygen  ins[iired ;  in  the' 
carnivora,  20  or  25  per  cent.;  and  even  tn  the  same  animal,  the  proper 
tiou  of  oxygen  absorbed,  to  that  of  carbonic  acid  exhaled,  varies  accord- 
ing to  the  kind  of  food  U])on  which  he  subsists.  In  dogs,  while  fed  on 
meat,  acconling  to  tlie  experiments  of  Regnault  and  Reisct,'  25  per 
Cent,  of  the  inspired  oxygen  disappeared  in  the  body  of  tlie  animid; 
but  when  fed  on  starchy  substances,  all  but  8  per  cent,  reappeared  in 
tlie  expired  carbonic  acid.  Under  some  circumstances,  a  difference  majj 
show  Itself  in  the  opposite  direction;  that  is,  more  oxygen  may  be  eon-| 
taincd  in  the  carbonic  aeid  exhaled  than  is  absorlied  in  a  free  state  from] 


'  Auuules  de  Cliiiiiic  ct  dc  Physique,  touic  xxvi.  p.  428. 
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tmosplicre.  In  some  of  the  exiwrimenls  of  Regnault  and  Roiaet,' 
wliere  rabbits  and  fowls  Lud  bten  led  exclusively  upon  breail  und  grain, 
Uie  )iropurtiun  of  oxygen  iu  the  expifeil  tatliotiic  acid  was  101  or  1U2 
per  cent,  of  that  taken  in  by  respiiaUon  ;  and  even  in  the  buinun  sub- 
ject, acconling  to  the  observations  of  Doyere,  tLe  (nisiiitity  of  oxyj^en 
eliminate*.!  by  the  brcutb  iis  carbonic  acid,  may  l)e  considerably  greater 
than  that  absorbed.  But,  as  a  general  rule,  it  is  the  reverse ;  the  qunu- 
tity  of  oxygen  which  is  not  to  be  aecouiited  for  in  the  exjiiixnl  c;irhuriic 
acid  being  liubituidly  greater  iu  the  carnivorous  animals  than  iu  the 
berbivora. 

These  facts  have  been  establtsbed  by  direct  observation,  antl  without 

ny  reference  to  the  supposed  manner  in  which  tlie  internal  changes  of 

reMI>iration  take  ]il«ce.     >i'evertheles3,  they  are  susceptible  of  eo  ready 

Pan  explanation  that  there  can  be  little  doubt  as  to  their  signilieance. 
Thu  simplest  case  for  examination  wouhl  be  that  of  an  Lerbivoroua  ani- 
inal  living  exelnsively  ujton  tlie  carbo-hyd rates',  as  starch  or  HUgar. 
Since  these  snhstaiicfsi,  as  their  name  implies,  alreiulv contain  hydrogen 
and  oxygen  in  the  projtortiunH  to  form  water,  any  further  oxidation 
which  they  undergo  must  result  in  the  production  of  carbonic  aeid ; 
•nd  in  this  case  exactly  the  same  quantity  of  oxygen  as  that  taken  in 
nst  necessarily  be  returned  to  the  atmosphere  as  a  constituent  of  the 
arbonic  acid  exhaled ;  the  remainder  of  the  substance  being  separated 
m  its  combinationKtn  the  form  of  water.  Thia  process  is  represented 
the  following  formula: 


I 


h- 


Stnrch. 
C.H.„0. 


Osrbonie  neld. 
0„     ^     CVO.,     4 


Wnler. 

ii,..o,. 


In  an  animnl  sj»pi>i>rtcd  ii|Hin  tiiis  fooil.  therefore,  the  w'hole  of  the 
>xygcn  taken  iu  by  respiration  wouhl  reaii|)ear  in  the  exiMre<l  carbonic 
eid.     But  in  an  animal  feeding  also  npon  fatty  substances,  the  projwr- 
tions  wouhl  be  chaugetl.     As  these  matters  no  longer  contain  oxygen 
the  requisite  quantity  to  form  water  with  the  hydrogen  present,  more 
oxygen  must  be  taken  in  with  the  Vire;ith  than  is  fiiinicient  to  unite  with 

I  the  carbon  under  the  form  of  carbonic  acid  ;  :ind  consequently  a  portion 
of  it  will  disappear  from  the  gaseous  products  of  i-espiratiou.  The 
pbange  iu  this  instance  is  as  follows: 


0!elne.  Corbonlo  ftcld,       W»tcr. 


In  effecting,  therefore,  the  com]ilete  disa|ipcarnnce  of  a  fatty  sub- 
tance,  IGO  parts  of  oxygen  will  be  absorbed,  nnd  only  114  parts  re- 
iurned  in  the  fonu  of  carbonic  acid.  This  will  also  take  place  where 
nlliiiminons  matters  arc  used  as  food,  siuce  it  is  known  that  all  the 
nitrogen  of  these  substances  is  ex]X'lled  from  the  body  under  the  form 
>rurca;  and  after  the  separation  of  urea  from  albumen,  a  body  must  be 
•ft  which  is  analogous  in  composition  to  fat ;  that  is,  which  contains 

'  Anaales  de  CUimie  et  dc  Phjsique,  tome  xxvi.  pp.  409-4.^1. 


less  oxygen  tlmn  would  be  reqaireil  to  convert  all  its  hydrogen  into 

waler. 

It  is  no  doubt  for  these  reasons  thut,  iji  hcrbivoroua  luiimals,  feeding 
largely  on  thu  cnrbohydrsites,  tlie  quantity  of  oxygen  exhaled  in  the 
carbonic  jiciil  h1jou[<1  be  nearly  fi£ual  to  that  taken  in  wilh  tlie  breath  ; 
"While  in  the  caniivora,  wliich  consume  only  fata  and  albuminous  toatiers, 
a  laryer  proportion  of  oxygon  should  disa])jiear  from  the  products  of 
respiration. 

Finally,  some  kinds  of  vegetal>lo.  food,  as  finita  and  green  tissues, 
contain  certain  substances  in  which  the  oxygen  is  more  thiin  sulUcieilt 
to  form  water  with  the  liydrogen  present.  Such  ate  the  salts  of  vegeta- 
ble aeififl,  like  oxidie,  eitrie.,  yallie,  malic,  and  tartaric  acid.  The  result 
of  tUe  iutermd  coutjuicpliou  of  tartaric  ucid,  for  example,  would  be  as 
follows  • 


Tartsrto  »cld 


Cnrhonlo  neld.       Wntcr. 
0,    =    C,0,     +     H.O,. 


In  this  instance  more  oxygen  will  be  exlialed,  in  the  carbonic  acid 
prodneed^  than  was  al)s*orbed  from  the  atmospiiere;  because  a  super- 
abundance already  existed  in  the  material  used  as  food. 

The  relative  protiortions  of  oxyjren  and  carlfonic  acid,  absorl>ed  and 
exfiired  in  respiration,  will  therefore  vary,  as  has  been  well  shown  by 
Jlayer,"  mot  only  with  the  nature  of  the  footl,  but  also  according  to  the 
trantiformations,  in  the  interior  of  the  living  organism,  of  one  nutritive 
subsitance  into  another,  as  of  ii  crarbfdiydrute  into  a  fat,  or  of  <'ither  into 
an  organic  acid.  In  the  fermentation  of  a  snceliarinc  solution  there  is 
even  an  elimination  of  carbonic  acid  without  the  jibsoqition  of  any 
oxygen  w bate ver;  this  process  being  one,  not  of  direct  oxidation,  but 
of  the  rearrangement  of  the  element:^  already  present  in  the  sugar,  a 
ixtrtitm  of  them  being  exhaled  as  carbonic  acid,  while  the  rest  rciaain 
behind  in  the  form  of  alcohol. 

In  the  animal  body  the  function  of  respiration  consists,  first  in  the 
absorption  of  oxygon,  and  seeomlly  in  the  e\  halation  of  carbonic  aci<l. 
It  is  eviih-ntly,  therefore,  so  far  us  it:*  conftc-jueiices  are  concerned,  an 
act  of  oxiilation.  But  the  elements  of  the  fooil  are  in  no  ease  subjeetetl 
to  imniediate  oxidation.  They  are  digestefl  in  the  alimentary  canal  and 
taken  up  into  the  circulating  fluid  under  other  forms  of  organic  com* 
biiiation.  These  undergo  still  further  transformations,  both  in  the  bloiM] 
and  in  tlie  tissues,  passing  through  a  series  of  successive  metamorphoses, 
until  lliey  Anally  leave  tbe  both',  principally  under  the  forms  of  nre.'i, 
carlwnic  acid,  and  water.  Oxidation,  jiccordingl^-,  as  it  occurs  in  the 
living  body,  Ia  not  so  much  the  immediate  process  as  the  result  of  the 
vital  operations,  and  is  very  dilfercnt  from  the  direct  cruabtistion  of 
b^'drocarbonaceous  matters  in  the  atmosphere. 

Exhalation  of  Watpry  Vapor  in   liespiralion Tiie   watery  va|>or, 

exhaled  witli  the  breath,  is  given  off  by  the  pulmonary  mucous  mcui- 


'  LclirtiiiLh  ik-r  Agrikaltur-Chetnie.     Heidelberg,  1871,  p.  lUl. 
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B,  by  wbich  it  is  absorbed  Iroin  the  blood.     At  ordinary  tempera- 
it  is  transparent  and  invisible ;  but  in  cold  weallier  it  becomes 
irtly  condensed  on  leaving  tbe  lungs,  and  appeara  under  tlic  furin  of  a 
loiidy  vapor  in  the  breatli.     According  to  llic  researches  of  Vnleiitin, 
tlif  average  quantity  of  water  exhaled  from   the  lungs  is  about  500 
^^ratmuea  per  day. 

^B  The  exhalation  of  watcrj*  vapor  by  tlio  lungs  is  a  purely  pliysioai 

^^Broct-ss,  dependint  upon  the  moist  and  permeable  structure  of  the  pub 

pKionary  mucous   membrane  and  the  volatility  of  the  watery  tluid,  by 

"     wliivh  it  necessarily  becomes  vaporized  under  the  requisite  conditions 

I      of  temperature  at  the  ordiu;uy  pressuie  of  the  atmosphere.     Any  moist 

animal  menihrane,  after  death  as  well  as  during  life,  loses  watt-r  by 

evaporation  and  thus  Ixconies  gmduully  d«.-t,iecatfd.     Experiments  upon 

teutly  killed  frogs  have  shown  that  the  siioulaueous  desiccation  goes 

rapidl}-  at  Orst,  and  afterwartl  more  slowly,  as  the  proportion  of  water 

lim^tl  in  the  tissties  beeomus  diminished.     In  the  lungs  of  a  warm- 

Je«l  animal  during  life  all  the  requisite  conilitions  are  present  for 

rapid  and  continuous  evaporatioji,  namely,  a  moderately  elevated  tem- 

^Bpcrature,  a  constant  rciu'wal  of  nlmospheric  air  by  the  movements  of 

^^tospiration,  and  a  eoiilinuoUH  siqiply  of  fresh  moisture  to  the  piiiiiionnry 

TOembrano   by   the   blood  (.•ireuhiling   in    its  vessels.     The   quantity  of 

^^watery  vapor  cxliakd  by  the  lung.s  in  a  given  time  is  therefore  increased 

^Bf  diminished  by  corresponding  changes  in  the  rapidity  of  respiration, 

^i>y  greater  drj-ness  or  huuii<lity  of  the  atmosphere,  and  by  increase  or 

diminution  of  the  pulmonary  circul.ilion. 

In  some  species  of  animals,  as  in  the  dog,  where  the  integument  is 
comparatively  destitute  of  perspiratory  glands,  the  pulmonary  trans- 
piration becomes  much  more  active;  and  it  is  not  uncommon  to  see 
these  animals,  in  hot  weather,  I.ving  at  rest  with  their  tongues  protruded, 

Vid  the  movements  of  respiration  doubled  or  trebled  in  frequency,  for 
le  purpose  of  increasing  the  watery  exhalation  from  the  lungs. 
In  the  human  subject  the  precise  jihysioloirical  value  of  the  pulmonary 
lran*i)iration  is  not  known,     'rhough  subject  to  fluctuations  aeconling 

I  to  variation  in  the  physical  conditions  above  mentioned,  it  is  a  continu- 
BQs  process,  and  even  at  ordinary  temperatures  the  expired  breath 
ibrectetl  upon  a  polished  glass  or  metallic  surface  will  always  produce 
an  immediate  dimness  by  the  condensation  of  its  watery  vapor.  It  is 
^\-ery  possible  that  the  vapor  thus  exhaled,  beside  being  complementary 
^■O  the  perspiration  by  the  skin,  may  serve  as  a  vehicle  for  the  discharge 
^^pf  certain  other  substances  from  the  pulmonary  cavity, 
^y  Exhalation  of  Organic  Matter  b>j  the  Breath. — Beside  carbonic  acid 
and  water,  the  expired  air  tdso  contains  a  sm.ill  amount  of  an  organic 
^^ngredieut,  which  communicates  a  faint  but  ))erceptible  oilor  to  the 
^Hbrcath.  This  substance  is  discharged  in  the  vaporous  form,  probably 
i^ontangU'd  in  the  waterj'  vapor  exhaled  by  respiration.  TTnder  onlinary 
circuniNtances  it  is  present  in  so  8m:tll  a  quantity  as  to  be  hardly  noliee- 
>le  ;  but  If  a  large  number  of  pei'sons  be  confined  in  a  small  apartment 
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wilh  infttifflcient  ventilation,  the  organic  matter   accuniulntes  in  th« 
atmospliere,  and  alter  a  few  hours  its  odor  becomes  excpedingly  nfron- 
sive.     According  to  Carj>eiitfr,  il'  tUi^  lluiil  coinlt-nscMl  iVom  the  ext>it'cil 
air  be  kept  in  n  closed  vessel  nt  oi(iiMnrv  triiipciatiircs,  a  putrescent i 
oclor  is  after  a  time  exUnled,  which  could  only  come  from  some  orgftiuoj 
substance  in  a  state  of  decomposition. 

When  perfectly  fresli  and  in  the  hcfdtliy  condition,  the  organic  in- 
giviliunt  of  tlie  expired  brealii  is  not  otl'cnsive  and  npj>eai-s  to  have  no* 
utiwIsoieBouie  qualilies.  It  i*  only  when  neeumulated  in  undue  quoutitVi  1 
and  allowed  tostagnnto  in  the  titmosptierc,  that  its  disagreeable  properdea 
liecome  niuiiifeKt.  It  ni>penrH  to  be  distinct  in  chaineter  lor  each  spi^ciea 
of  anjuitd,  and  it  is  ]ial«k^  to  l)e  absorbcil  and  retained  for  a  time  by  any 
poroua  materiiU,  as  wood,  rough  plaster,  or  woven  fabrics.  It  is  eas^- 
to  diBtingniah  by  its  otlor  the  bi'eath  of  cattle  from  that  of  sheep  or 
swine,  !ui<l  the  odor  remains  ])erceptible  in  an}'  small  inclosure  or  trans- 
piirLation-cai-  in  m  Uieh  these  animals  have  licen  recently  confined.  The 
organic  ingredient  of  the  expired  air  which  commmucateH  these  quali- 
ties to  the  breath  has  not  been  isolated  in  Hutlteient  quantity  to  deter- 
mine its  exact  composition. 

Vitiation  vf  Ifie  Air  by  Confinurd  Rrt-pirnfion. — From  what  has  pre- 
ceded it  is  seen  that  tiie  air,  after  being  exhaled  from  the  lungs,  has 
become  altered  in  its  constitution  by  diminution  of  its  oxygen  and  the 
aihtition  of  certain  other  nmlerinls  ilerived  from  the  breath.  Under 
oniinary  condition^*,  tliis  deteriorated  air  is  at  once  diffused  in  the  sur- 
roimdhig  atmosphere,  rising  to  a  higher  h^'el  on  aecoiirit  of  its  increa80<i 
temiK'rature,  and  being  reailily  dispersed  by  the  aeiiid  currents  which 
are  always  more  or  less  in  motion  \  so  that  a  fresh  supply  of  air,  with 
its  normal  constitution,  is  t:iken  into  the  lungs  with  cneh  successive 
inspiration.  I3ut  when  breathing  is  carried  on  in  a  confined  space,  the 
air  necessarily  liecoraes  vitiated  ;  and  this  effect  is  produced  with  rapidity 
in  j»ropoition  to  tlie  small  extent  of  tlie  air  space  and  the  number  of 
men  or  animals  confined  in  it. 

This  vitiation  of  tlie  jitinosphere  by  respiration  is  accordingly  the 
result  of  several  different  changes  taking  pluce  at  the  same  time,  and  it3 
effects  are  a  combination  of  those  due  to  all  these  alterations. 

So  far  as  regai-ds  immediate  danger  to  life,  the  diminulwn  of  oxt/rjen 
is  no  doubt  the  most  important  change  in  ttie  vitifttc<l  air,  when  carried 
to  a  sudlcient  extent.  We  have  already  seen  that  for  m.nn  and  the 
ammalians,  the  air  is  completely  irresifiralde  when  its  proportion  of 
ygen  is  diminished  to  10  per  cent.  In  these  experiments,  however, 
the  carbonic  acid  exhaled  was  removed,  as  fast  as  produced,  by  the 
action  of  an  aikiiline  solution,  80  that  the  air  was  retained  in  a  state  of 
purity  except  for  its  loss  of  oxygen.  In  the  experiments  of  Leblanc,  a 
dog  and  a  pigeon,  breathing  in  a  confined  space,  were  both  rednced  to 
extremities  nlun  the  air  still  coiitaiiied  Ifi  per  cent,  of  oxygen  but  was 
also  contaminated  with  30  per  cent,  of  cai'bouic  acid.     The  different 
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modificalious  of  iho  ntmosphcre  in  respiratien,  therefore,  react  upon 
t'Bch  olber  aud  combine  to  produce  a  common  result. 

The  second  etemeut  in  tiie  vitiation  of  the  respUvd  air  is  that  duo  to 
the  prfsence  of  carbonic  acid.  The  etfec-t  of  thin  gas,  «8  produced  hy 
resjpiration,  cunuol  be  ascerlained  from  thiit  uf  an  atmosspliere  cousisliiig 

Nof  earbouic  acid  alone.     A  nv.ui  or  an  animal,  introduced  Huddenlj  into 
ftn  aUnosphere  of  pure  carbonic  jicid,  as  sometinies*  hapiwns  in  beer-vats 
autl  old  wells,  dies  at  once  by  suffocation.     But  this  result  it*  ni)t  due  to 
the  influence  of  earbuuic  acid.     It  is  6ini[ilj  the  consequun<e  of  the 
nl)aence  of  oxygen ;  and  death  would  take  place  as  promptly,  in  the 
in  warm-bloo<leil  animals,  by  exposure  to  an  atmosphere  of  pure  nitrogen 
|P©r  any  other  indilTerent  gaa.     It  may  be  said  that,  as  a  general  ruJe,  for 
birds   aud   small    mauim:ili:ins,   tin;   atnjosphere    becomes   incapable  of 
^     sujiporting  life  when,  iu  addition  to  its  norniul  proportion  of  oxygt-n,  it 
Ppcontaijis  20  per  cent,  of  iLs  volume  of  carbonic  acid ;  that  is,  five  times 
as  mueh  as  is  present,  in  man,  in  tlie  expired  breatli.     But  Ilegnault 
an<l  Keibet  found  that  dogs  aud  rabbits  eoidd  continue  to  breathe  with- 
^HDUt  difllculty  iu  an  aimoHpbfre  containing  even  23  i>er  cent  of  carb<mic 
^^pcid,  provided  its  proportion  of  oxygen  were  at  the  same  time  inereased 
^Bto  30  or  iO  per  cent.     Thus  a  part  at  least  of  the  influence  of  carbonic 
^Hcid,  when  present  exclusively  or  in  large  quantity  in  the  atmosjiIuTe, 
^Bs  evidently  ilue  to  its  physical  action  in  excluding  or  interfering  with 
the  absorption  of  oxygen. 

Wiieu  pure  carbonic,  acid  is  gradually  mingled  with  ntmosphcric 
air,  its  immediate  effects  are  not  so  fatiil  as  they  have  sometimes  been 
represented.  If  a  pigeon  be  conlined  in  a  glass  receiver  with  a  wide 
open  mouth,  and  carbonic  acid  Ijc  introduced  through  a  tube  phvced  just 
withui  the  edge  of  the  vessel,  so  that  it  will  not  cuuii)lcldy  dispLice  the 
air  but  gradually  mingle  with  it,  its  effect  is  to  pnxluce  a  rapid  and 
laborious  respiration,  gradnally  increasing  in  intensit}' ;  and  in  a  few 
moments  the  pigeon  fails  in  a  state  <jf  comphte  insensibility.  But  if 
the  glass  receiver  be  removed  and  fresh  air  allowed  access,  the  insen* 
sibiUly  rapidly  passes  off,  and  in  a  few  moments  longer  the  animal  is 
l^again  breathing  in  a  mitunil  manner,  witliout  having  Bulfercd  any  per- 
■  oeptible  permanent  injury.  The  effect  of  carbonic  acid  alone,  thus  I 
mingled  with  the  atmosphere,  ia  very  similar  to  that  of  an  ancesthetic  / 
vapor,  like  ether  or  chloroform,  with  the  addition  of  strong  symplomy 
of  dysjina'a. 

There  is  evidence  that  in  man  the  inimetliate  effeets  of  carbonic  acid 
in  respiration  are  of  a  similar  nature.  From  personal  experiments  upon 
this  subjeet  wo  have  fouud  that  the  inhalation  of  pure  carbonic  acid 
from  a  gasometer  is  at  first  extremely  difficult,  owing  to  the  slimnlnnt 
lect  of  the  gas  upon  the  mucous  membrane  of  the  Iarj*nx,  w  hieh  pro- 
[UOM  a  spasmodic  stricture  of  the  glottis.  If  the  gas,  however,  be 
Wowe<i  to  remain  in  contact  with  the  mucous  membrane  for  a  short 
me,  this  effect  passes  off,  the  glottis  may  be  gently  opened,  and  the 
irbonic  ueid  ilrawn  into  the  lungs,  by  a  full,  deep  inspiration,  to  the 
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nmount  of  from  800  to  liJOO  cul>ic  cciitimctrosi.  At  first  it  prodnceB  In 
the  chest  only  a  scnsntiou  of  'svarmth  and  moderate  stiiiiulus.  liul  al 
the  end  of  two  or  three  Beconds  lliere  comes  ou  veiy  butldcul^-  a  si>nsfs 
of  L'xtreme  djs{>nu.'a,  with  rajjid  and  hiborious  respiralion,  ucoonQptinitil 
iunuudi:itely  by  diiunuss  uf  vision,  slight  eoiifnsion  of  aiiiwl,  tiuti  ^nirtial 
iustiiisibility,  all  of  which  are  soon  terminated,  am  fcspiralion  returns  to 
its  noimal  condition,  leaving  only  a  feeling  of  quietude  and  U-'udeucy  to 
sleep. 

Nutwitbfitandiiig,  however,  the  intense  feeling  of  dyspnoea  producetl 
by  sueh  an  iuliulution  of  pure  earbonic  acid,  the  external  si^s  of  acluul 
suU'ocation  are  very  slight,  and  bear  no  proportion  to  the  aeverit}*  of 
the  sensations.  Tbey  are  confined  to  a  little  sutfUsion  of  the  face  withi 
partial  lividity  of  the  lips  ;  and  the  pulse  is  but  little  if  at  all  aQ'ecled./ 

A  mixture  of  carbonic  aciil  and  almosphertc  nir  in  equal  vohimcs  pro- 
duces a  perceptible  lieling  of  warmth  and  pungency  at  the  glottis,  but 
may  stiH  be  readily  drawn  into  the  lungs.  After  two  or  three  deep 
inspiralions,  the  strong  sense  of  want  of  air,  and  the  access  of  rapid  and 
lulx>rioud  respiration,  come  on  aa  before.  The  dyspntca,  sutfusiou  of 
the  face,  and  lividity  are  all  less  marked  than  after  hreathing  pure 
carbonic  acid,  but  the  Bubseqnent  condition  of  quiescence  and  purtiiU 
antesthesia  is  more  decided  and  of  longiT  continuance. 

A  mixture  of  one  volume  of  cfirbonic  acid  with  three  volumes  of 
atnioBpheric  air  may  be  inspired  without  difTlculty,  producing  a  i-ather 
agreeable  sensation  by  contact  with  the  lungs.  Alter  about  3O00  cubic 
centimetres  have  been  inhaled  in  successive  in.s[iirations,  a  sense  of 
dy.sputea  comes  on,  which  however  is  uot  particularly'  increased  by  con- 
tinuing the  inspiratiou  of  the  mixture  to  6000  cubic  centimetres.  The 
nervous  symptoms  prudticed  arc  mo<lerate  in  degree,  but  similar  to  the 
precwling- 

On  llie  other  hand,  pure  nitrogen  has  no  taste  or  oilor,  nor  does  it 
have  any  «timulating  elfect  on  the  mucous  membrane.  It  may  be  inspireil 
from  the  gasomeler  to  the  amount  of  6000  cubic  centimetres,  without 
pro<lucing  any  sense  of  dyspnoen,  or  any  perceptible  effect  ou  the  nervous 
system. 

These  results  indicate  tliat  the  presence  of  carbonio  acid  in  the  lungsj 
acts  as  a  stimulus  to  respiration  by  causing  a  sense  of  the  want  of  air;^ 
and  that  furthermore  its  iirineipal  toxic  effect,  when  in  abnormal  quan- 
tity, is  that  of  producing  more  or  less  insensil/dity  or  annestbesia.  The 
sense  of  drowsiness  and  inattention  experieneed  by  an  audience  iu  an 
imiKM'fectly  ventilated  lecture-room  or  theatre  is  probably  <Uie  to  tJiis 
cause,  espooially  an.  the  Ini tiling  gas-!5glits  are  at  tlie  same  time  contribu- 
ting to  the  formation  of  carbonic  acid.  The  temporary  nature  of  these 
sensations,  and  their  immediate  relief  on  coming  into  the  open  air,  are 
matters  of  common  obsi-rvation. 

The  third  eJeim-nt  in  tlio  vitiation  of  atr  by  the  breath  is  the  accumu- 
lation of  its  orrjaiuc  vapor.  This  is  the  least  understood,  but  probablv 
the  most  deleterious  ingredient  of  the  atmosphere  produced  by  respira- 
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tion  in  a  crowded  and  ill-vetitilated  apart  inont.  It  is  this  which  causes 
llie  offensive  otlor  and  the  sense  of  oppression  on  euUu-ing  any  confined 
spuee,  where  too  givat  a  number  of  persons  liavc  remained  for  a  time 
without  sufficient  renewal  of  llie  air.  It  is  raobt  marked  when  such  con- 
tinued respiration  and  neglect  of  ventilation  have  been  going  on  over 
nigtjt,  an  in  a  crowded  dormitory  or  sjk'cpingH.-nr ;  hiia-e  the  organic 
L-manationa  have  then  had  time  not  oidy  to  aceuuiulnte  but  hIho  to  pass 
into  ft  state  of  inciijieut  decomposition.  They  are  tlitn  in  the  condition 
in  which  they  lieloug  to  the  clasa  of  animal  poisons  ;  and  there  is  reason 
to  believe  that,  once  introduced  into  the  systeut,  they  may  cause  dis- 
turbances which  last  for  acousidcraLle  time.  It  is  certain  that  the  con- 
Ligion  of  many  febrile  diseases,  as  scarlatina,  measles,  and  smallpox,  is 
communicated  through  the  air  liy  the  prwlucts  of  respinitiou;  and  the 
normal  organic  exhalations  of  the  pulmonary  mucous  membrane,  when 
altered  by  couceiitration,  the  nccumnlatton  of  moi.iture,  and  an  elevati-d 
temperature,  are  undoubtetlly  capable  of  proilucing  morbid  effects  of  an 
analogous  kind. 
m^  All  the  above  causes  of  vitiation  of  the  atmosphere  in  respiration^ 
Dotwithstnn<lliig  the  ditrcrcnccs  in  their  nature  and  effects,  are  to  be 
obviated  by  the  smnu  means ;  that  is,  a  suOieient  renewal  of  the  air  by 
ventilation. 

^P  Changes  in  the  Blood  by  Respiration. 

^  The  blood  as  it  circulates  in  the  arterial  system  has  a  blight  scarlet 
color;  but  as  it  jimssi'S  through  the  capillaries  it  gradually  becomes 
darker,  und  on  arriving  in  the  veins  it  is  dee|>  pur[)le,  or  in  some  situ- 
ations nearly  blatk.  There  are,  therefore,  two  kinds  of  bloo<l  in  the 
body  ;  arterial  blood,  which  is  of  a  bright  color,  and  venous  blood,  whifh 
is  dark.  The  <lark-colored  vtnous  bluod,  whieh  h;is  been  thus  altered 
by  iwssing  through  the  capillaries,  is  iiK'a]iablc,  in  this  state,  of  supply- 
ing the  organs  ivith  their  healthy  stimulus  and  nutrition,  and  has  lost  its 
value  as  a  circulating  fluid.  1 1  is  acfordingly  returned  to  the  heart  by 
tlie  veins,  and  is  thence  sent,  through  tiK-  imhijouar}'  artery,  to  the  lungs. 
In  passing  through  the  pulmonary  circulation  it  reassumes  its  scarlet 
hue,  and  is  again  converted  into  arterial  blood.  Thus  the  most  striking 
physical  effect  produce*!  upon  the  blood  by  respiration  ia  its  change  of 
color  from  venous  to  arterial. 

This  change  is  acci>mplislied  by  the  influence  of  the  air  in  the  pulmo- 
nary cavities.     For  if  defibrinated  venous  blood,  recently  drawn  from 

^,  the  veins  of  the  living  animal,  be  shaken  up  in  a  glass  vessel  with 

^pAtmosphei'ic  air,  it  at  oncu  changes  its  c</lor  and  aerjuires  the  bright  hue 

u{  arterial  bloo<.l.     If  iiijt.-cletl  through  the  vessels  of  the  lungs  them- 

flvea  after  removal  from  the  bcxly,  the  lungs  being  filled  with  air,  the 

me  change  takes  place.     If  a  dog  be  rendered  insensible  by  a  narcotic 

lijection  or  other  similar  means,  the  thorax  opened,  and  artifleial  re- 

Ipiration  kept  up  by  the  nozzle  of  a  Ixdlowa  inserted  into  the  trachea, 

le  dark  venous  blood  can  he  seen  lu  the  great  veiua  and  iu  the  right 
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auiiolo  of  the  hearty  while  that  returning  from    the  lungs  to  the  let 
aurick'  is  bright  red.     lUit  if  aitificial  resiiiratiou  be  stoppcil,  the  ciix-u*] 
latioa  through  the  lungs  euntinuiiig,  the  blood  soon  ceases  to  bo  arteh- 
alized  itt  the  ijulmonaiy  capillartes,  and  returns  to  the  left  aurielo  of 
dark  venous  hue.     On  recoiumeuciug  arlifieial  respiration,  arterialiratii'E 
of  the  blood  is  jigaiu  prodticfd,  and  its  ivd  color  is  restored  in  the  pul- 
mounry  vuing  and  the  left  cavities  of  the  heart. 

At  the  same  llinc,  in  ijassing  through  tlie  pulmonary  circulation,  the^ 
blood  undergoes  a  change  in  its  gaseous  coiistiuieiits,  the  converse  of 
that  which  is  produced,  iu  the  air^  that  is,  it  absorbs  oxygen  and  exhaioj 
carbonic  acid.  ■ 

Famage  of  Oxygen  into  the  Blood  in  Respiralion. — The  oxygen  which 
is  abaorbed  from  the  air  iu  the  lungs  is  taken  up  by  the  bIoo<l  circulating 
in  the  pulmonary  capillaries.  It  does  not  at  once  enter  into  intimate 
clamical  union  with  other  elementary  hubstnnces,  but  is  still  iu  the  form 
of  solutiou  or  of  such  loose  combination  that  it  may  Ikj  removed  from 
the  blood  by  means  of  the  aii-pumi),  by  a  current  of  hydrogen  or  nitro- 
gen, and  especially  by  the  action  of  carbonic  oxide  (CO),  which  exj>el9 
it  comi>letely.  According  to  a  large  number  of  observations  which  have 
been  made  on  this  point,  its  quantity,  in  the  fresh  arterial  bloo<l  uf  the 
dog,  may  vary  from  a  little  over  10  pi-r  cent,  to  22  per  cent,  of  the 
vulnme  of  the  blood  j  the  average  iu  the  experiments  of  Schoeffer  and 
Lutlwig'  being  about  15  pur  cent. 

Nc-arly  the  whole  of  the  oxygen  is  taken  up  by  the  blvod-glvhul^a; 
the  hemoglobine  of  which  has  been  shown  to  possess  so  remarkable  ti 
power  of  absorption  fur  this  gas  that  one  gramme  of  hemoglobine  ia 
solution  will  absorb  more  thtui  one  cubic  centimetre  of  oxygen.  Ac- 
cording to  the  experiments  of  Magnus,  while  the  blood  contains  more 
than  twice  as  much  oxygen  as  water  could  hold  in  solution  at  the  same 
temperature,  the  serum  alone  has  no  more  solvent  power  for  this  gas 
than  pure  water;  and  on  the  other  hand,  defibritialed  blood,  that  is,  the 
serum  uud  globules  raiugled,  dissolves  as  much  oxygen  as  the  fresh  blood 
itself.  rUiiger  also  found,  as  the  average  of  six  ol>servation9  on  the  arte- 
rial blood  of  the  dog,  that  the  oxygen  contained  in  the  entire  blood  was, 
by  volume,  15.6  percent.,  while  iu  the  serum  alone  he  found  onl^'O.S  pef 
cent.  According  to  the  same  obsei*\-er,  t!)e  arterial  blood  in  the  carotids 
contains  nearly  though  not  quite  all  the  oxygon  it  Is  cnpidjle  of  holding  in 
solution  ;  since  a  speciuTcn  of  dog's  blood  drawn  directly  from  the  artery 
already  contained  18,8  per  cent,  of  oxygen,  and  after  being  shaken  up 
with  atmospheric  air  contained  rather  less  than  20  per  cent.  The  blood, 
therefore,  either  does  not  become  fully  saturated  with  oxygen  in  passing 
through  the  lungs,  or  else  a  little  of  this  gas  has  alread}'  passed  into 
some  olher  form  of  combination  on  reaching  the  carotid  arteries. 

The  color  of  the  blood  depends  solely  on  thf.  presence  or  absence  of 
cxygen^  not  on  that  of  carbonic  acid.     Yenous  blood,  shaken  up  with 

'  Archiv  flir  die  Gcsamrate  Physiologie,  15G8,  Bond  1,  p.  279. 
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oxygen  or  attnospheric  air,  at  odcc  assumes  the  arterial  tint,  alttiough 
its  carbonic  aeiil  may  remain.  At'oonling  to  rfliigcr's  exi>erimeiit8,  il" 
deflbrinated  clog'8  blood  be  placed  iu  two  tlasks,  and  shaken  up,  one  with 
pnre  oxygen,  the  other  witli  a  mixtm-e  of  oxj  gen  and  curbonic  aoitJ,  both 
♦ip<.*cjDions  will  present  the  kuuc  biiglit  color;  iKith  of  tUem  bein<^  found 
on  analysis  to  contain  nearly  the  sanie  quantities  of  oxygen,  while  their 
proportions  of  carbonic  acid  arc  very  ditlerent.  Also  tiic  recently  drawn 
blomi  of  tbeso  animals,  alter  they  have  been  made  to  breathe  either  \miti 
oxyyen,  or  oxygen  and  carbonic  acid  mingled,  is  of  the  same  color  in 
each  in<itance ;  the  percentnge  of  oxygen  whicli  it  contains  being  the 
same,  but  that  of  carbonic  acid  being  <li<rerent  in  the  two  cases. 

It  is  the  oxygen,  therefore,  which,  ou  being  taken  up  by  tho  blcKHl- 
globules,  clianges  Iheir  color  fruui  dark  purple  to  bright  reil.  It  [msses 
olf  with  the  arterial  blood  in  this  condil ion,  and  is  then  distributed  to 
the  capillary  circnlation.  Here,  as  tlic  blood  comes  in  contact  with  the 
tissues,  its  oxygen  in  great  measnre  disappears,  and  its  color  is  again 
changed  from  arterial  to  venous. 

The  loss  of  oxygen  by  the  blood,  in  traverbing  the  capillaries,  is  dnc 
to  its  transfer  from  ihe  blood-glolmles  to  the  substance  of  the  tissues. 
Nearly  all  the  tissues,  in  fact,  exert  an  al>sorbeut  power  upon  ox^'gen, 
when  exjx>sed  to  this  gas  or  to  ntmo-spheric  air  containing  it.  The  ex- 
periments  of  Paul  licrt'  have  shown  that  the  following  tissues,  extracted 
from  the  botly  of  the  recently  killed  dog  and  exposetl  to  the  contact  of 
atmospheric  air  in  cIosihI  vessels,  absorb  oxvgen,  with  ditlerent  degrees 
of  intensity,  iu  the  following  order,  namely  :  muscles,  brain,  kidneys, 
spleen,  testicle,  and  pounded  bonos.  Of  these  the  muscles  are  the  most 
active,  absorbing  50  cubic  centimetres  of  oxygen  for  ever}- 100  grammes 
of  muscular  tissue;  while  the  bones  absorb  only  a  Utile  over  11  cubic 
centimetres  for  the  same  weight  of  substance. 

/■'  The  tissues  have  even  a  grejiter  absorbent  power  for  oxygen  than  they 
xilood- globules  themselves.  This  is  shown  by  the  experiments  of  Spal- 
lanzani,  and  still  more  completely  by  those  of  Bert.  In  these  cx])erl- 
ments,  three  eqn,al  portions  of  recently  drawn  deflbrinated  dog's  blood 
are  placed  in  test-tulK'S,  a  piece  of  fresh  muscular  tissue  from  the  same 
animal  being  introduced  into  one  of  them,  a  portion  of  the  spleen-tissue 
into  another,  while  the  third  is  left  to  itself.  AJler  a  time  it  is  found 
that  the  solid  tissues  have  abstracted  oxygen  from  the  blood  with  which 
they  are  in  contact,  so  that  iu  these  two  si>ecimens  tlie  blooil,  on 
analysis,  contains  less  oxj'gen  than  in  the  third  six'cimen,  which  has 
remained  by  itselC     The  result  obtained  by  Bert  was  as  follows: 

QUAKTITT   or    OXYOEK    BY    YoLCKR    REVAIMKO    IK 

Blood  left  to  itself 18  per  cent. 

Blood  cuiitaining  spleen  tissue      .  .      12      " 

Blood  containing  tnuscnlar  tissue         .        .       6      " 


LecoDS  Bor  la  Phyeiologie  compnr4e  de  la  Respiration.     Paris.  1870,  p.  46. 
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Finally,  euccossive  nnnlyscs  of  the  blooil,  as  it  passes  from  the  arte- 
rinl  into  the  vt-iioua  syateui,  sbows  tiiat  it  loses  oxygon  in  proportion  as 
it  has  boeii  subjected  to  the  iiilltieiice  of  the  capillary  circuljition.  licr- 
n.'ini'  foiiiui  that  tbe  hUuA  of  thu  same  clog,  liom  flifferout  parts  of  tlie 
ciivulatoiy  system,  yit'I'k-d,  by  the  action  of  carbonic  oxide,  the  folluw- 
itig  quantities  of  oxygen: 

QcAjrrrTT  of  Oxtoex  by  Yolumk  ijc 

Arlerial  blood 19.93  per  cent 

VcDoua  bluoJ  from  right  side  or  bturt     .        .        .       9.93      '• 
Venous  blooJ  from  hi'patic  veins     ....      2.80      " 

The  average  qu.-ujtlty  of  oxygen  existing  in  vcuoiiti  blood  «!:onerolly  U 
8  pLT  cont. ;  tliat  la,  it  la  reduced  abmit  one-half  from  its  proportion  ia 
arterial  blood. 

Thii.s  th^»  hlooil-trlobulos  serve  as  carriers  of  oxygon  from  the  lungs 
where  it  is  abyorbed,  to  the  tissues  wlu-ie  it  is  consume^l ;  and  the  fir«t 
object  of  respiration  is  to  supply  .oxygen  to  the  blood,  in  onler  that  the 
blood  may  Biipply  it  to  the  tissues. 

Exhalufion  of  Carbonic  Aciil  by  the  Blood. — The  venous  blood,  as  it 
returns  to  the  riglit  side  of  the  heart,  is  alreudy  charged  with  carbonic 
acid  ,to  such  an  extent  that  a  portion  of  this  gas  is  exhaled  through  the 
[lulrnonary  membrane,  anc?  disclinrged  Tvith  the  breath.  Its  absolute 
quantity  in  tiie  bloo<l  has  not  been  determined  Miih  the  same  accuracy 
us  that  of  the  oxygen.  Carbonic  oxide,  which  is  so  ellicient  for  the 
extraction  of  oxygen  from  the  blood,  displaces  only  a  portion  of  its 
carbonic  acid  ;  and  in  the  experiments  of  IJemard,  the  maximum  quon- 
tily  of  carbonic  acid  obtained  fi-om  venous  blood  by  tliis  means  was 
only  about  G.5  jier  cent,  by  volume.  A  much  larger  proportion  may  bo 
extracted  by  the  nu'rcurial  air-]nnn{i,  jimotiuting  on  the  average,  in  the 
experiments  of  Ludwig,  to  about  28  per  cent,  for  arterial  blootl,  and 
about  31  per  eeilt.  for  venous  blood.  But  a  l.nrge  part  of  the  carbonic- 
aoiii  obtainable  in  this  way  does  not  exist  ia  a  free  form  in  the  bloud, 
but  in  a  stute  of  combination  with  the  alkaline  jihosplmtes  and  carbon- 
ates of  the  plnsma;  pince  it  is  known  that  a  watery  solution  of  eodium 
bicarbonnle  will  lose  a  porti^^m  of  il.s  carbonic  aciil,  and  become  refluced 
to  the  condition  of  a  carltonnte  by  being  subjected  to  the  influence  of  K 
vacuum,  or  even  1>y  agitation  with  pure  liydrogcn  at  llie  temperature 
of  the  body.  Lehmniui  founcP  that  after  the  exjiulsion  from  ox's  blood 
of  all  the  csirbonic  acid  removable  by  the  air-pump  and  a  current  of 
hydrogen,  there  still  remaiued  0.1(^28  per  cent.,  of  8o<liiuu  carbonate, 
with  which  a  certain  quantity  of  the  carbonic  add  previously  given  off 
must  have  been  united  in  the  form  of  bicarbonat-e. 

It  is  estimated  by  Bert,  according  to  the  experiments  of  Fernet,  that 
a  portion  of  the  carbonic  acid  of  the  blood  is  in  simple  solution  and  a 

'  Li«^uit3t'3  do  rOrpunismo.     Pnrig.  ISSO,  tome  i.  p.  .104. 

*  Physiological  Chemistry,  Cuvptidish  idiUon.     Lojidon,  1854,  vol.  i.  p.  438. 
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portion  combined  with  the  alkaline  snlts ;  tLc  blood,  when  artificially 
saturated  with  tliis  gas,  coutainiug  about.  three-Qftba  in  a  state  of  boIu- 
lion  and  about  two-fit'llja  in  a  state  of  combination.  We  do  not  know, 
laowevcr,  what  LliLs  pju^ortioa  is  iu  the  vciiou-i  hlood  as  it  cxi.sts  in  the 
living  bod}' ;  au<l  the  large  amount  of  oarboiiio  ticid  romovablo  by  the 
actioD  of  a  vacuum  does  not  n-present  Uiat  which  is  cupablc  of  being 
exhaled  from  the  blood  through  the  pulmonary  membrane.  This  quan- 
tity is  very  much  smaller.  "\\"o  know  that,  on  Iho  average,  13  cul>ic 
ceulimetres  of  carV>onic  acid  are  discharged  from  the  l;mgs  iu  man  with 
each  expiration;  and  during  this  interval,  judging  from  the  capacity 
of  the  left  auricle  and  the  IVciniency  of  its  pulsations,  there  can  hardly 
be  less  than  400  cubic  c<.'ntimctres  of  blood  passing  thruugh  lliu  pulmo- 
nary circulation.  This  would  give  only  a  little  over  3  per  cent,  as  the 
Tolume  of  carbonic  acid  discharged  from  a  given  quantity  of  blood  in 
res|)iralioa.  The  average  results  obtainetl  by  extraction  with  the  mer- 
curial air-pump,  iu  the  experiments  of  Ludwig,  give  this  quantity  as 
the  actual  diUereuce  between  venous  and  arterial  blood,  as  follows; 

Atbsaqc  Qcaatitt  of  Carbonic  Acid  bemovablb  by  the  Aiu-Pump,  feoh 

Venous  blood 31.27  per  cent. 

Arterial  blood 27.99      " 


Difference 


3.28 


All  the  different  modes  of  analysis,  whether  by  carbonic  oxiilc,  other 
Indifferent  gases,  or  the  air-pump,  though  differing  in  the  quantity  of 
fas  extracted,  show  that  there  is  less  carlionic  acid  in  arterial  than  in 
Wenous  blood,  and  accordingly  that  this  gas  is  exhaled  from  the  circu- 
lating fluid  during  its  passage  through  the  lungs. 

Unlike  the  oxygen,  the  carbonic  acid  of  the  blood  is  principally  con- 
tained in  tht'  jtlaamay  and  not  in  the  bloo<l  globules;  since  the  capacity 
of  absorption  for  this  gas  is  not  essentially  diflerettt  for  the  scrum  and 
for  llie  entire  blood. 

Source  of  the  Carbonic  Acid  of  the  Blood. — The  source  of  the  car- 
bonic acid  of  the  blootl,  as  well  as  the  destination  of  its  oxygen,  is  in 
the  tissues  themselves.  From  the  experiments  of  various  observers  it 
is  found  that  every  organized  tissue,  in  the  recent  condition,  has  the 
power  of  absorbing  oxygen  and  exhsding  carbonic  acid.  Q.  Liebig, 
for  example,  showed  that  frogs'  muscles,  recenlly  prep.ared  and  com- 
plelel}-  freetl  from  blood,  will  continue  to  absorb  oxjgen  and  discharge 
carbonic  acid.  Similar  experiments  with  other  tissues  have  led  to  the 
snme  result.  It  is  in  the  substance  of  the  tissues,  accordingly,  tliat  the 
oxygi'U  becomes  fixed  and  asHiniilated,  und  that  the  carbonic  acid  takes 
its  origin.  These  two  phenomt-na,  however,  nre  not  immediately  de- 
pendent upon  each  other.  This  is  shown  by  the  fact  that  animals  and 
fresh  animal  tissues  will  continue  to  exhale  carbonic  acid  in  an  atrao- 
gphere  of  hy<lrogen  or  of  nitrogen,  or  even  when  placed  in  a  vacuum, 
larchutid  found  that  froga  would  live  for  from  half  an  hour  to  an  hour 
20 
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in  pure  hydrogen  gas;  and  that  during  this  time  tlicj  exhnleti  eveb 
more  csirbouic  acid  than  in  atmospht-ric  air,  owing  probably  to  Iht 
eiiperior  displaciug  povvt-r  of  li^drogeu  for  carbonic  acid.  For  while 
lUOO  grammes'  weight  of  frogs  exhaled  ubout  U.U7T  gramme  of  carbfiuic 
acid  per  hour  in  atmospheric  air,  tbej  exhaled  during  the  Bame  lime  in 
pure  liydrogen  as  much  as  0.263  gramme.  The  same  observer  found 
that  frogs  would  recover  on  the  ailmission  of  air  after  remaining  for 
about  half  an  hour  in  a  nearly  complete  vacuum  ;  and  that  if  they  were 
killetl  by  total  abstraction  of  the  air,  1000  grammes'  weight  of  the  ani- 
mala  were  found  to  have  eliminated  O.GOO  gnininie  of  carbonic  acid. 
Similar  facts  were  previoiisl}'  observed  by  8|>allnnzaui ;  and  i'nul  Bert 
fouud  that  while  a  cettaiti  quantity  of  fresh  naiseular  tissue,  in  atnio- 
eplieric  air,  exhaled  in  a  given  lime  30  cubic  cenlimeties  of  carbonic  acid, 
the  same  quantity,  in  pure  hydrogen,  cxlialed  23  cubic  centimetres  during 
the  same  time.  He  even  found  that  the  exhalation  of  carbonic  acid 
would  continue  to  go  on,  in  an  atmosphere  of  nitrogen,  from  muscidar 
tissue  which  bad  previously  been  subjected  for  a  quarter  of  an  hour  to 
the  action  of  a  vacuum.' 

]t  ia  furthermore  evident  that  in  this  process  of  internal  respiration 
by  the  tissues,  as  in  the  external  phenomena  of  respiration  by  the  lungs, 
the  quantities  of  oxygen  absorbed  and  of  carbonic  acid  exhaled  do  not 
always  bear  the  sjiaie  rehition  to  each  other.  This  ia  shown  by  the  ex- 
periments of  Paul  llert  oh  the  gases  absorbed  and  discharge<l  liy  the 
diflerent  tissues  of  the  dog  in  contact  with  atmiispheric  air,  where  in 
some  instances  the  volume  of  carbonic  acid  produced  wjis  greater,  ami 
in  others  less  than  that  of  the  oxygen  consumed  ;  the  proportions  of 
the  two  varying  considerably  in  each  case. 

The  following  list  gives  the  result  of  a  Beries  of  these  experiments: 


Qdanttty  or  0  a.vo  CO,  absorbbd  a.vp  kxhaled  dukiko  24  bocks, 

IS  CUBIC  CEXTIMETIIES. 

Bjr  100  frriitmici  of  Oxygen  absorbed. 

Muscle 50.8 

Brain 45.8 

Kiducj-B 37.0 

Spleen 27.3 

Testicles 18.3 

Pountlcil  bonea       ....  17.2 


C&rbonie  iteid  exhaled. 
56.8 
42.8 
15.6 
15.4 
27.5 
8.1 


The  production  of  carbonic  acid  by  the  tissues  is  not,  therefore,  di- 
rectly connected  with  the  absorption  of  oxygen.  The  ])recise  cliemical 
action  by  which  carbonic  acid  originates  in  the  solid  organ."*  is  uuIcuowd; 
but  it  is  probably  by  some  mode  of  decomposition  in  which  a  portion 
of  the  carbon  and  oxygen  present  in  the  tissues  Beparate  from  tlieir 
previous  eomluti.itioris  in  this  form,  while  the  roniainitig  elements  at  tbe 
same  time  unite  to  pro<luee  other  suhstanees  of  different  com|>08ition. 

The  process  of  respiration  consi-sts,  accordingly,  in  an  interchange  of 


'  Le<;oM  sur  la  Physiologie  compar^e  de  la  Rcsiiiratioa.     Paris,  1870,  p.  49. 
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gases  between  the  blood  and  the  lungs.  The  blood  coming  to  the  lungs 
comparatively  poor  in  oxygen  and  charged  with  carbonic  acid,  the  for- 
mer gas  is  absorbed  from  the  air  in  the  pulmonary  vesicles,  while  the 
latter  is  discharged  at  the  same  time,  to  be  exhaled  with  the  breath. 
These  changes,  however,  are  neither  of  them  complete,  but  only  partial, 
both  for  the  air  and  for  the  blood.  The  expired  air  is  never  deprived 
of  the  whole  of  its  oxygen,  and  contains  only  about  4  per  cent,  of  its 
volume  of  carbonic  acid.  On  the  other  hand,  the  venous  blood  coming 
to  the  lungs  still  contains  a  moderate  percentage  of  oxygen ;  and  a  cer- 
tain quantity  of  carbonic  acid  is  also  present  in  arterial  blood.  It  is 
only  the  proportion  of  these  gases  which  is  changed  in  respiration,  the 
carbonic  acid  of  the  blood  being  diminished,  and  its  oxygen  increased, 
by  its  passage  through  the  pulmonary  circulation. 

The  ofBce  of  the  respiratory  apparatus  is  therefore  to  afford  ingress 
and  egress  to  the  two  substances  which  enter  and  leave  the  body  in 
the  gaseous  form.  These  two  substances  have  no  immediate  relation 
with  each  other,  excepting  as  to  the  organ  by  which  they  are  absorbed 
and  exhaled.  They  represent  the  beginning  and  the  end  of  a  series  of 
internal  combinations  and  decompositions,  which  are  among  the  most 
essential  of  the  changes  contributing  to  the  maintenance  of  life. 


One  of  the  chnrncteristic  i>ropf'rties  of  living  crpotures  is  that  of 
mniutainiiig,  luoie  or  less  constantly,  a  staiulani  tein|i(?raturt',  uotwitli- 
stnmliiig  the  uxtiTnal  chimges  of  heat  or  cold  to  whicli  they  are  sub- 
jucU'il.  If  a  bar  of  iron  or  a  vessel  of  water  be  lieuted  to  a  temperature 
above  that  of  the  external  air,  ami  tlieii  left  to  itself,  it  will  at  once 
U'giii  to  lose  heat  by  nidiation  and  conduction ;  and  this  loss  of  heat 
will  continue  until,  after  a  certain  time,  the  temperature  of  the  heated 
body  has  been  reduced  to  that  of  the  surrounding  atmosphere.  It  then 
remains  statiouary  at  this  point,  unless  the  atmosphere  should  become 
warmer  or  cooler;  in  which  case  a  simitar  change  takes  place  in  the 
iiK»rg:iinc  body,  its  temperature  remaining  constant  or  varying  with 
that  of  till!  surrounding  medium. 

With  man  and  many  animals  the  case  is  strikingly  different.  If  a 
thermometer  be  introduced  into  the  stomach  or  rectum  of  a  dog,  or 
placed  under  the  tongue  of  the  human  Btibject,  it  will  indicate  a  tem- 
perature of  from  31^  to  38°  (about  lOO'^  P.),'  whether  the  surrounding 
atmosphere  at  the  time  be  warm  or  cool.  Thia  internal  temperature  of 
the  body  is  sensibly  the  same  in  suramor  and  in  winter.  Although  the 
external  air  may  be  at  the  freezing  point,  the  intcrnnl  parts  of  the  body, 
in  a  condition  of  health,  will  indicate  their  usual  standard  of  waruitl) 
when  examined  by  the  thermometer;  aud  even  in  ordinary  summer 
■weather  the  temperature  of  the  air  is,  for  the  most  part,  many  degrees 
below  that  of  the  living  body.  A  a  the  body,  however,  by  exjwsure  to 
such  .in  atmosphere  must  be  constantly  losing  heat  by  radiation  and 
conduction,  like  any  inorganic  mass,  and  yet  maintains  a  standard  tem- 
perature, it  is  plain  that  a  certain  amount  of  lieat  must  be  generated  in 
its  interior,  suilicicjit  to  comjx^nsate  for  the  external  loss.  The  internal 
heat,  so  produced,  is  known  by  the  name  of  vital  or  animal  heat. 

Thus  it  is  by  its  own  internal  heat  that  the  body  is  warmed.  Tho 
clothing  used  by  man,  and  the  fur,  wool,  or  feathers  by  which  the 
bodies  of  animals  are  protected,  have,  of  course,  no  warmth  in  them- 
selves; they  simply  prevtiit  the  body  from  losing  heat  too  rapidly  and 
thui*  becoming  cooled  down  below  its  normal  standard.  Even  the  fur- 
naces and  fires  of  a  dwelling  house  only  serve  in  a  similar  way  to 
moderate  the  cooling  inllueuce  of  the  air  ;  for  the  atmusphcre^  even  in 


'  To  convert  atvy  pivcu  number  of  degrees  of  the  ConHprade  eoale  into  tlie 
correspoudiug  value  fur  the  Fakrcuhcit  scale,  mulliply  by  l.fcl  uud  add  3'i  tu  the 
product. 
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the  warmest  aparlment,  never  rises  to  the  heat  of  the  living  bofly,  which 
is  still  the  only  source  of  its  own  vital  temperature. 

Differences  of  Temperature  in  Different  Clauses  of  Animalit. — The 
intensity'  of  the  productioo  of  internal  heat  varies  in  diffen-nt  classes 
of  animals.  Asa  rule,  it  is  most  active  in  birds,  whose  tem])eratiu'e  is 
in  general  45°.  In  the  inaiiiuialiiuis  it  is  37*^  to  40°;  in  man  about 
37-5.  As  in  these  two  classes  the  iuteinal  organs  and  the  blood  are 
nearly  always  mucli  above  the  temperature  of  the  air  or  of  the  surface 
of  the  skin,  and  accordingly  ftel  warm  to  the  touch,  they  arc  called  the 
*'warai-bloode<l  animals."  In  rcptik-s  and  fieh,  on  the  other  hand,  the 
production  of  heat  is  much  less  rapid,  and  prcpunderatea  so  little  over 
that  of  the  air  or  water  which  they  inhabit,  that  no  niarkc<l  difference  is 
perceptible  on  cursor}-  examination  ;  and  as  their  internal  organs  have 
a  lower  temperature  than  our  own  integument,  and  consequently  feel 
cool  to  the  touch,  they  are  calkd  the  "cold-bloode<l  animals."  This 
difference,  however,  is  only  one  in  degree  and  not  in  kind.  Reptiles 
and  lish  also  generate  heat  within  their  bodies,  whitih  may  be  measured 
by  the  thermometer.  The  temi>eratnrc  of  frogs,  serpents,  tortoises, 
water-lizards,  and  lish  has  thus  been  found  to  be  from  1.7*^  to  4.5° 
above  that  of  the  surrounding  air  or  water.  '^^ 

In  the  invertebrate  animals,  as  insects  and  the  like,  the  heat  produced 
is  still  less  easily  pereeptiblo  because,  from  the  great  extent  of  the  sur- 
face presented  by  their  bodies  in  proportion  to  their  mass,  the  warmth 
is  more  rapidly  dissipated.  But  when  manj'  of  them  arc  collected  in  a 
small  air-sjiace,  or  when  they  are  in  a  state  of  activity,  it  is  still  distin- 
guishable by  thcrmometric  mrasureinent.  The  temperature  of  the  butter- 
fly after  active  motion  has  been  found  to  be  from  2.77°  to  5°  above  that 
of  the  air;  that  of  the  humble-bee  from  1.5°  to  6.5°  higher  than  the 
exterior.  According  to  the  experiments  of  Newport,  the  interior  of  a 
hive  of  bees  maj-  bave  a  temperature  of  9*^  when  the  external  atmos- 
phere is  at  1.4-^,even  while  the  insects  are  quiet;  but  if  they  be  excited 
to  activity  by  tapping  on  the  outaitle  of  the  hive,  it  may  rise  to  38.8°. 
Thus,  while  the  insects  are  at  rest,  the  thermometer  indicates  a  very 
mo<lerate  temperature  ;  but  if  kept  in  rapid  motion  in  n  conllned  space, 
they  may  generate  a  sufficient  amount  of  heat  to  produce  a  sensible 
elevation  in  the  course  of  a  few  minutes. 

The  production  of  heat  is  not  confined  to  animal  organisms,  but  takes 
place  also  in  vegetables.  Uere,  however,  it  is  still  more  rapidly  dissi- 
pated tiian  in  insects,  owing  to  the  great  extent  of  surface  presented 
by  the  ramifications  and  foliage,  and  to  the  abundant  cvaix>raticm  of 
moisture  from  the  leaves,  b^'  which  the  beat  generated  is  in  great 
measure  consumed  without  bL-eoniinir  perceptible  by  the  ordinary  ther- 
mometer. If  this  loss  of  lieat  from  the  plant  be  diminished  by  keepiug 
the  air  charged  with  watery  vapor  and  thus  preventing  evaporation,  the 
elevation  of  temperature  becomes  sensible  and  may  be  measured.  Du- 
L'  first  demonstrate*!,  by  the  use  of  the  thermy-electric  needle,  that 

'  Annalee  des  Sciences  naturelles.     Paris,  2in<i  S£ri«,  tome  xii.  p.  277. 
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nearly  all  parts  of  a  living  plant,  such  as  the  green  stems,  the  leaTe«, 
the  buds,  ami  even  the  roots  ami  fruit,  generate  a  certain  amount  uf 
heat;  the  ma:(iiiiuDi  temi>erature  thus  detected  being  about  0.2H'  above 
tliat  of  the  surrounding  atmosphere.  Subsequent  obBervations  have 
shown  that  iu  certain  periods  of  vegetative  activity,  as  in  the  processes 
of  germinaliou  and  flowering,  the  development  of  heat  is  much  more 
rapid.  In  the  ninltiiig  of  barley,  when  a  considerable  quantity  of  the 
germinating  grain  is  piled  in  a  mass,  its  elevation  of  temperature  may 
be  i-eadily  dislinguiahcd,  both  by  tbe  band  and  the  thermometer.  The 
most  striking  example  of  Leitt-produetion  in  flowers  is  presented  by 
those  of  the  Aracca'  (Calla,  Indian  turnip,  Sweet  flag)  at  the  time  of 
feeuiulalion,'  which  in  wann  weather  may  show  a  temperature  of  4'^, 
5'^,  or  even  10-'  above  that  of  the  surrounding  air. 

The  generation  of  heat  is  ncconlingly  a  plienomenon  common  to  all 
living  orgjinisras,  whether  animal  or  vegetalile.  When  the  mass  of  the 
orgauiiied  body  is  Surge  in  pioporlion  to  its  extent  of  surface,  the  heal 
thus  produced  is  readily  distinguishable  both  by  the  touch  and  by  lUe 
thermometer.  When  rapidly'  dissipated  by  increased  extent  of  surface, 
and  especially  by  the  eva]x>ration  of  moisture,  it  is  less  easily  detected, 
but  it  exists  in  each  case.  In  birds  and  mammalians  it  is  more  active 
than  iu  reptiles  and  fish;  and  even  in  diirerent  species  of  animalu  belong- 
ing to  the  same  class,  it  is  ustially  found  that  the  normal  temperature 
of  the  body,  like  tbc  otlier  phj'siologicd  j)henomeua,  differs  slightly, 
according  to  tlie  special  organization  of  the  animal  and  the  gcncnJ 
activity  of  its  functions. 

Qitantihj  of  Ileal  in  the  Living  Body. — Tbc  quantity  of  heat  produced 
in  the  boily  within  a  given  time  is  best  measured  by  the  increase  of 
temperature  which  it  will  produce  in  a  certain  volume  of  water.  Prof. 
John  C.  Draper'  found  that  the  Imman  body,  having  a  volume  of  about 
85  litres  (3  cubic  feet)  and  a  weight  of  81. (15  kil»»grammes  (iJSO  pounds 
avoirdupois),  by  remaining  at  rest  in  the  batU  for  one  hour,  could  raise 
the  temperature  of  212  kilugrnmines  of  water  1.11°:  which  he  estimates, 
assuming  the  specific  heat  of  tl>e  Ifody  to  be  about  the  same  with  that 
of  water,  would  be  capable  of  warming  the  body  itself  2.77''.  But  as 
the  temj>erature  of  tlic  body,  in  the  observation  quoted,  was  lowere<l 
0.55°  while  in  the  bath,  the  heal  actually  generated  would  be  capable 
of  warming  the  body  itself,  or  an  equal  volume  of  water,  2.22°.  This 
would  be  equivalent  to  188.7  heat  units,*  produced  by  the  human  body 
id  the  course  of  one  hour,  or  2.31  heat  units  for  every  kilogramme  of 
bodily  weight. 

The  experiments  of  Senator*  on  the  heat-producing  power  in  dogs 

'  Sacbs,  Traits  de  Botanirine.     Paris.  1874.  p.  R47. 

•  Americau  Journal  of  Science  ainl  Arts.     New  Havea.  1872,  vol.  ii.  p.  445. 

•  A  heat  wnii  is  the  quantity  of  heat  required  to  raise  the  temperature  of  one 
kilogrnniTne  of  water  from  O'^  to  1°  of  tlic  centigrade  leale 

•  Archir  fUr  Auatouiic.  rhysiologic,  tind  WisseDSchaflliche  Mediciu.     Leipsi'i^.J 
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rere  performed  •with  much  aceiir:iey.     The  animals  were  inclosed  iji  a 

)pper  cage,  through  which  veiilihition  voa  kupt  up  at  a.  knuwu  rat«, 

the  temperature  of  Ibo  incoming  aii<l  outgoing  voliimea  of  air  being  DOtod 

at  inlervals  of  ten  uiiuules.     The  cage  containing  the  aiiimsd  was  8nr» 

>unded   by  a  known  volume  of  water,  ut  from  20.5"  to  29",  and  the 

•^whole  apparatus  inclosed  in  an  outer  case  made  as  nonconducting  as 

possible;  the  qmantity  of  heiit  actually  lost  from  it  by  externul  cooling 

tfing  determined  by  jireliminiir}-  observations.  The  iiitcrnLd  tt'Tn[)».Mii- 
ure  of  the  aiunud  having  been  taken,  he  was  introduce<l  into  the  cage 
and  allowed  to  remain  there  a  certain  time.  The  heat  produced  witJiin 
this  time  was  mainly  ascertained  by  tlie  increase  of  tem[)cr!itnrc  in  the 
water  eurrouuding  the  cage,  the  result  being  eorrecte<l  liy  that  of  the 
air  used  for  ventilation,  as  well  as  by  the  variation  in  temperature  of  the 
animal  himself,  and  the  loss  from  the  apparatus  by  external  cooling. 
By  this  method  the  experimenter  found,  as  the  average  result  of  five 

jbservations,  that  a  dog  of  5.302  kilogrammes'  weight,  at  rest  and  in 
Ihe  fasting  condition,  iiroduced  hi  one  hour  I2.fi3  heat  units;  that  is, 

L34  heat  units  for  every  kilogramme  of  bodily  weight.     Acconiing  to 

"tliese  experiments,  the  htat-producing  power  in  tlie  dog  and  that  in  the 

human  subject  are  nearly  the  same;  while  that  of  the  dog  is  rather  the 

lore  active  of  the  two. 
Normal  Variations  of  Temperature  in  the  Living  Body. — The  tem- 

jrature  of  the  body  is  not  the  same  in  its  dilfcrent  regions,  but  increases 
for  a  certain  distance,  from  the  exterior  toward  the  central  parts.  This 
is  becauirie  the  living  body  is  subjected  to  a  constant  loss  of  heat  from 
the  sni-face,  like  any  other  solid  substance  of  higher  temperature  than 
the  enrrounding  air.  C'onsefjiicnlly  the  intt'gument  and  the  parts  im- 
mediately f*ubJ3oent  to  it,  being  more  exposed  to  this  cooling  influence 
than  the  internal  organs,  have  habitually  a  temfwrature  slightly  below 
that  of  the  body  in  general.  Accordingly,  whenever  the  external  air 
rises  to  the  neighborhood  of  37°  or  31.5°  it  feels  uncomfortably  warm ; 
because,  although  this  is  exactly  the  normal  tem|H?ratiire  of  the  blood 
and  the  interna!  organs,  it  is  consideralily  above  that  of  the  skin,  whieii 
18  readily  sensitive  to  variations  of  cold  or  warmth.  The  cooling  influ- 
ence of  the  external  atmosphere  upon  the  skin  is  considerably  moderated 
by  the  movement  of  the  circulation;  since  the  warmer  blood  coming 
from  the  internal  parts  constjintly  supplies  the  integument  with  fresh 
quantities  of  heat  and  thus  tends  to  comijensate  for  its  external  loss. 

Notwithstanding  this  compensation,  however,  the  difference  in  tem- 
perature between  the  exteriud  and  internal  parts  of  the  body  is  always 
perceptible  during  health.  If  the  bulb  of  a  tlH-nnometcr  ha  held  for 
some  minutes  between  the  folds  of  skin  in  the  palm  of  the  hand,  it  will 
Itand  at  36.4°  ;  in  the  axilla,  at  ZC,j]°  ;  under  the  tongue,  it  will  reach 

U2^  ]  in  the  rectum,  37-5^;  and  Dr.  Beaumont  found,  in  the  case  of 
Alexis  St.  Martin,  that  the  thenaomelL'r,  introduced  into  the  stomach 
through  the  gastric  fistula,  often  indicated  a  temperature  of  37. 8'-'.  it 
is  evident  therefore  that,  in  order  to  ascertain  the  real  internal  tempera- 
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turo  of  the  body,  tlie  hiilh  of  tbu  theiinoiucttT  should  be  iiiser 
deeply  HR  to  [mss  beyonil  the  sttpcrQciol  zone  atteeted  by  tlje  proceM' 
external  cooling.     Even  wiien  placed  beneath  the  tongue  it  U  in  contac 
■with  parts  which  are  themselves  slightly  eooied  by  the  passage  of  (he 
air  ill  innpiralion  and  ex|)Jijitiori,  niid  aeconlinglj-  does  not   reach  tlie 
DiMximum  temperature  of  the  body.     To  aecompliisli  this,  it  must  be  in^H 
Berted  into  the  iilxloininal  cavity  or  the  rectum,  so  deeply  that  a  further^ 
introduction  produces  no  increase  in  the  indifated  tcmj>eralure.     This 
is  the  method  usunlly  ado|:ittd  in  physiulogical  observations. 

Beside  the  dilt'ereuees  observable  Ironi  the  above  cause  between  the 
BUiX'rflcial  nnd  the  deep-seated  parte,  there  is  a  real  variation  withia 
narrow  limits  of  the  internal  tem]iierature  of  the  bf»dy,  according  to  dif- 
ferent pliy&iological  cotiditiona.  JUrgensen  has  sliown'  that  in  the  human 
subject  there  is  a  diurnal  variation,  the  temiwrature  during  the  day 
being  a  little  higher  than  at  night,  even  ■when  both  periods  are  passedj 
in  coini>lete  repose.  A  Bcries  of  observations  upon  the  same  individ 
in  a  state  of  rest  gave  the  fuUowing  averages : 

TEMPKRATtTKB  OF  THK  HuMAN  BoDY  WORN  AT  REBT. 
By  (Iny.  By  night. 

37.34°  36.91° 

The  difference  between  the  two  averages  amounts  to  0.43°.  There 
are  also  temporary  variations  of  email  extent  during  each  of  the  above 
periods  ;  the  greatest  variation  during  the  day  being  0,2T'^ ;  that  during 
the  night  0.ih°. 

The  temperature  of  the  body  is  rUo  increased  by  muxctilar  aclivUy. 
It  is  a  matter  of  common  observation,  huih  in  man  and  animals,  that 
temporary  exertion  produces  an  increase  of  bodily  ■warmth.  Jiirgensen 
observed  in  the  same  individual  that  while  during  a  day  of  absolute 
rest  the  maximum  temperature  attained  was  3T.T°,  under  the  influence 
of  exercise  it  reached  SS-S'-".  A  much  more  striking  difference,  corre- 
sponding Tfrith  muscular  repose  or  activity,  baa  already  been  mentioned 
as  obscr\'aljlo  in  insects. 

The  aiiLmal  temperature  is  furthermore  increased  or  diminished  by  a 
condition  of  digestion  or  abstinence.  This  was  indicated  in  several 
instances  by  the  observations  of  Jiirgensen  upon  man,  but  is  shown  in 
a  very  marked  degree  by  those  of  Senator  upon  the  dog,  in  which  the 
average  production  of  heat  was  sensibly  diminished  by  continued  fast- 
ing and  increased  l)y  the  digestion  of  food.  The  following  table  shows 
the  quantity  of  heat  produced  by  the  same  animal,  in  the  conditions 
abstinence  and  digestion. 

QtJANTiTY  or  TTkat  produckd  bt  tub  Poo  in-  oxb  Hora. 
After  two  diijs' fttsting     ....        10.90  heat  units. 
After  one  day's  fasting      ....         12.63  " 

Fed  ouc  hour  previously   .         .  -        18.87         " 


i 


'  Die  Korperwiirme  dcs  gcsuuJen  Menacbeo.     Leipzig,  1873. 
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As  the  production  of  hent  in  the  body  can  only  take  place  by  the  con- 
Buuiption  or  change  of  combination  of  its  ingredients,  it  is  evident  that 
in  continued  al)»tiucuce   from  food,   the  materials  susceptible  of  this 

» change  mu^t  be  connlantly  diminishing  in   (jnantit}- ;  and  the  animal 
lempf-rature  accordin-xly,  like  other  vital  phenomena,  becoraea  depressed 
from  u  deficiency  in  the  sources  of  it**  supply. 
Mode  of  Production  of  Animal  Heat. 
In  all  instancies,  so  far  as  oliservatiou  bixs  gone,  tlie  production  of 
heat  in  living  organisiuia  is  in  proportion  to  the  activity  of  the  internal 
^^  changes  going  on  in  the  body.     These  changes  are  more  eapeciaily  and 
^■constantly  indicated  by  tLe  absorption  of  oxygen  and  the  exhalation 
^^  of  carbonic  acid  in  respirntion.     Even  in  the  vegetable  kingdom,  it  is 
(lemonMtraled  by  the  researches  of  physiological  liotanists  that  the  ab- 
8ori>tion  of  oxygen  in  plants  is  always  accompanied  both  by  the  j)rf> 
daction  of  carbonic  acid  and  by  the  evolution  of  heat ;  and  tlie  quantity 
of  heat  protUiced  is  greatest  at  the  time  when  those  pHwcsses  are  going 
^K  on  which,  like  gennination  and  flowering,  are  accompanied  by  the  most 
^H  active  abi^orptioQ  and  eshainlion  of  oxygen  and  carbonic  acid  respec* 
lively. 

The  same  thing  is  manifest  in  the  different  classes  of  the  animal  king- 
dom. Birds  and  maramaJians,  where  respiration  is  most  active,  have 
also  the  highest  temperature;  while  in  reptiles  and  fifth  the  respiratory 
process  is  more  s^luggish,  ami  the  production  of  heat  at  the  stiuie  time 
less  abundant.  A  very  close  connection  between  the  two  phenomena  is 
observable  in  hilx-niating  animals,  in  which,  during  the  winter  sleep, 
respiration  becomes  eompnrntively  inactive  and  the  botlily  temt>eratiire 
is  also  reduced  to  a  very  low  standard.  In  the  observations  of  Horvath' 
on  the  respiration  of  marmots,  he  found  that  these  animals  during  cold 
weather  arc  plunged  in  a  profound  stupor  in  which  (he  movements  of 
res)»iration  are  exceedingly  infrequent  and  sometinu's  hardly  perce])tiblo. 
At  certain  intervals  the  animals  awake  fur  a  short  lime,  after  which 
Xhcy  again  return  to  the  state  of  insensibility.  Horvath  found  that  the 
internal  temperature  of  the  marmot,  when  awake,  was  from  35°  to  37°; 
while,  in  the  hiljeruating  condition,  it  was  reduced  to  10**,  9**,  or  even 
to  2°,  according  to  that  of  the  surrounding  air.  On  awakening,  the  tem- 
perature of  the  body  rapidly  rises.  J^Vfine  animal,  the  internal  tempera- 
lure  during  sleep  wa^^'f^^ro  9^  to  10°'^  buf  on  awakening  it  rose  at  the 
end  of  an  hour  to  12*  m  two  hours  to  iT^jand  in  two  hours  and  a  half 
to  32V  llespiration  also  becomes  increaseil  in  activity  to  a  similar 
degree.  A  marmot  weighing  153  grammes  produced,  while  in  the 
comatose  condition,  0.0\5  gramme  of  carl)onic  acid  per  hour;  and  two 
days  afterward,  when  awake,  prodnced  O.-'ilS  gramme  in  the  same  time, 
that  is,  more  than  thirty  times  as  much  aa  when  in  the  state  of  hiberna- 
tion. 

'  Revue  des  Sciences  M6dica1eB.     Paris.  1873,  tome  i.  p.  59. 
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These  nnd  similar  facts  point  to  so  close  a  relation  between  the 
intensity  of  vesitiriitiuu  nn<l  that  of  lnjat-jn'oiluctiun,  that  the  one  of 
these  processes  miiy  be  tiiken,  iti  generul  ttTnis,  as  the  measure  of  tb 
other;  parlk'ularlj-  na  respiration  consists  in  the  absorption  of  oxjge; 
and  the  exhalation  of  carbonic  acid,  and  as  we  know  that  the  oxidatiotti 
of  carbonuceoua  mutters,  outside  the  body,  is  one  of  the  readiest  means 
for  the  i>rodiictiuii  of  h*'iit. 

This  connection,  however,  ia  not  an  immctliate  one,  nor  can  we  con- 
sider the  production  of  heat  in  the  living  body  as  a  result  of  simple 
oxidation.  We  have  rJready  seen  in  the  preceding  chapter  that  the 
foruuition  of  carbonic  ncid  is  not  due  to  direct  oxidation,  since  it  will 
igo  on  in  the  tissues  without  the  innnefliiite  presence  of  oxygen.  Re- 
Bpiration  ia  essential  to  all  the  phenotiiena  of  animal  life,  and  may  be^ 
taiien  as  the  criterion  of  vital  activity  in  general.  The  production  ofH 
heat  is  one  of  these  phenomena,  and,  like  the  rest,  increases  or  dimin 
ishes  in  intensity  with  that  of  respiration;  but  it  cannot  be  said  to 
depend  upon  respiration  in  any  peculiar  or  exclusive  manner. 

The  Evolution  of  Ural  and  tht-  Products  of  Rei<piraiion  vot  fifrictltf: 
propnrt iojial.  —  Furthermore,  notwithstanding  the   general  relation  ia 
activity  between  the  two  fuiielion?*,  it"  un  accurate  comparison  Ikj  ma<le 
between  the  quantity  of  heat  produced,  under  different  circumstances, 
anfl   that  of  oxygen   absorbed  or  of  carbonic  acid  exhalwl,  they  a 
fonnd  not  to  correspond  exactly  with  each  other.     In  the  exj)eriment« 
of  Senator  on  the  bodily  temperature  in  dogs,  it  was  shown  that  tL#' 
evolution  of  heat  and  the  production  of  carbonic  acid  do  not  follow  tl 
same  rate  of  increase.     They  are  both  augmented  dnring  digestion,  but 
the  production  of  carbonic  acid  never  in  the  same  degree  with  that  of 
heat.     An  examination  of  the  averages  obtained  in  three  series  of  obse: 
tious  gives  the  following  result: 


QUAATITIES  OF  HeAT  AND  OT  CARBONtC  AriD  PRODITPED  BV  THB  DoO  IN  ONR  BOCR, 

Carhfinic  «cl<l  la 
gmnmei, 

.     3.4.^6 

,     .     5.013 


I 

ea, 

LLt'fl 


Con<Utlon 
of  the  unioial. 


eat  uolt*. 

Proportion 
between  th*  two. 

12.630 

1   to  3.f.5 

18.875 

1  to  3.76 

16.500 

1  to  3.72 

19.390 

1  to  4.01 

16.880 

1  to  5.35 

21.%0 

1  to  5.71 

_       ...     ,  f  Fasting     .     .     , 

«      *T    «  f  Fasting     ....  4.405 

^"^N"- 2  {indigestion  .     .    .  4.837 

„      ^^    „  r  Fasting     .    ,    .    ,  S.l.H 

Dog  I^o- 3  tin  digestion  .     .     .  3.846 

Thus  the  proportion  of  carbonic  acid  formed  to  the  heat  pro<lnced  l«^ 
difl'erent  in  the  throe  animals  when  compared  with  each  other  in  the 
same  condition  ;  mul  it  al.-*o  varies  in  each  animal  mider  the  dilfercnt| 
couditious  of  fasting  and  digestion. 

In  the  experiments  of  the  same  observer  on  the  effect  exerted  by  artt 
fleial  cooling  on  the  animal  body,  he  found  that  under  the  influence  oi %\ 
low  temperature  the  actual  production  of  heat  in  dogs  was  never  iiv-j 
creased,  but  was  usually  perceptibly  diminished;  while  that  of  carbonic 
acid  was  generally  somewhat  increased  and  never  diminished. 
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^V  It  is  evident,  accordingly,  that  tbe  evolution  of  boat  in  the  living 
animal  is  due  to  other  cnunes  than  those  which  result  in  the  immediato 
production  of  carbonic  acid.  Even  outside  the  body  a  notable  eloviition 
of  temperature  may  be  produced  hy  the  hydration  of  quicklime,  the 
mixture  of  alcohol  iiud  water,  or  uf  suljihutic  acid  and  water,  as  well 

ins  other  chemical  or  physical  actious  in  which  direct  oxidation  docs  not 
tttke  part.  Many  analogous  changes  may  take  place  in  tbe  process  of 
internal  nutrition,  from  which  a  part,  at  least, of  the  animal  heat  origin- 
ates in  the  living  body. 
Local  Production  of  Heal  in  the  Organs  and  Tissura. — Although 
the  living  body,  as  a  whole,  presents  a  certain  standard  temperature, 
the  production  of  heat  takes  place  separately  in  each  organ  and  tissue 
by  the  changes  of  nutrition  which  go  on  in  it.t  subsUinco.  This  is 
^^  shown  by  the  fact  that  each  separate  organ  has  a  special  temperature 
^ftof  its  own,  which  increases  or  diminii^hes  according  to  its  condition  of 
1^^  activity  or  repose.  A  very  consideralile  quantity  of  beat  is  thus  pro- 
duced in  the  subglance  of  the  vutticles^  The  cxjieriments  of  Recquerel 
j  and  Bresehet  on  the  liraehialis,  iu  roan,  showed  the  temperature  of  tliia 
muscle  in  repose  to  bo  36.6' ;  while,  after  repeated  and  energetic  flexion, 
it  was  from  37°  to  37.5°.  Bernard,'  by  placing  thermo-electric  neetJleS 
iu  the  two  gaslrocncmii  muscles  of  the  dog,  aJler  section  of  the  s|dnal 
Curd  to  prevent  voluntary  movements,  fotmd  the  temperature  of  the 
UBcies  on  the  two  sides  to  be  sensibly  equal ;  but  on  producing  con- 
raction  by  galvanizing  one  of  the  sciatic  nerves,  the  temperature  of 
the  muscle  on  that  side  rose  from  0.1°  to  0.2°,  at  the  same  time  that 
the  venous  blood  of  the  muscle  became  diirker  in  hue.  Since  the 
muscles  constitute  so  large  a  part  of  tlie  mass  of  the  body,  it  is  easy  to 
uu<1erstand  how  continuous  muscular  exertion  should,  after  a  time, 
produce  a  general  elevation  of  temperature.  In  the  muscles,  during 
contraction,  the  increase  in  warmth  is  always  accompanied  by  a  greater 
consumption  of  oxygen,  and  consequently  by  a  darker  color  of  the 
venous  blooil. 

Heat  is  also  produced  in  the  glandular  organs  when  in  active  secre- 
tion, as  shown  by  compuiiiig  the  lem|>erature  of  the  arterial  blood  enter- 
ing with  th.it  of  the  venous  blood  leaving  the  glandular  tissue.  Under 
these  circumstances  the  venous  blood  coming  from  the  gland  is  warmer 
than  the  arterial  blood  with  which  it  is  supplied.  According  to  the 
obaen'ations  of  Bernard  upon  tlie  submaxillary  gland  of  the  dog,  while 
tbe  gland  is  in  repose,  the  circulation  through  its  tissue  is  slow,  it» 
venous  blood  scanty  and  very  dark-colore<l,  and  the  oxygen  of  the  arte- 
rial blood  is  reduce<l,  in  traversing  the  organ,  to  40  per  cent,  of  its 
originid  quantitj' ;  but  when  tbe  gland  is  excited  to  active  secretion,  its 
circulation  is  increased  in  rapidity,  its  venous  blootl  is  more  abundant 
and  of  a  brighter  color,  its  oxygen  l>eing  only  reduced  to  61  per  cent, 
of  that  contained  in  the  arteries.     At  tbe  same  time   ita  temperature 
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rises,  notwithstamling  the  consumption  of  oxj'gen  is  less  than  in  tlw 
condition  of  glandular  repose. 

A  similar  tk-vntion  of  temperature  is  f^hown  by  the  blood  while  tra- 
Tcrsing  the  capillary  ciroiihition  of  the  ijitestiue  and  of  the  liver.  The 
following  tables  give  the  resultd  of  two  series  of  observntions  by  Ber- 
nard on  the  temperature  of  the  blood  entering  and  leaving  these  two 
organs  m  the  dug: 


Tevpbratcrb  of  thk 

BlX)OD 

IN  THK 

▲ortb. 

Portal  Vein. 

36.8° 

38.80 

40.3° 

40.1° 

39.40 

39.50 

Portal  V«lD. 

Hepatic  Velo. 

40.20 

40.60 

40.6° 

40.90 

40.70 

40.90 

he  l>lood  of  the  hepatic  vein,  after  traversing  two  sncoeBSive 
cireulutiotis,  is  warmer  than  that  drawn  from  any  other  part 
of  the  body. 

Even  in  the  kidneys,  when  the  secretion  of  urine  is  actively  going  on, 
there  is  a  rise  of  tt'nii>crature  in  the  blood  of  The  renal  veins.  At  the 
same  time,  as  in  tlie  submaxillary  glniKl«^  the  oireuhiliun  is  increased  in 
activity,  the  venous  blood  leaves  the  organ  of  a  bright  red  color,  and  its 
]>ropor{.ion  of  oxygen,  aceording  to  Bernard,  is  only  reduced  to  8S  \^r 
cent,  of  tliat  contained  in  the  arteries,  while  in  the  condition  of  glandular 
re|u>se  it  is  rcdm-etl  to  3'S  per  cent.  1 

The  production  of  heat,  therefore,  is  accompli.'ihed  in  the  different 
organs  of  the  body  with  diHtient  degrees  of  intensity  according  to  the 
special  nature  of  the  act  of  nutrition  in  esich  one.  In  the  muscles  it  is 
aeeoinpanied  by  an  increased  consumption  of  oxygen  and  a  deeper 
coloration  of  the  venous  blood ;  in  the  salivary  glands  and  the  kidneys 
by  a  diminished  consumption  of  oxygen  and  a  less  complete  change  in 
the  color  of  the  blootl.  The  blood  coming  from  each  organ  has  a  higher 
temperature  in  i)ro]>oition  to  the  activity  of  heat-prcduction  in  the 
organ  itself;  and  thus  the  temperature  of  the  venous  blood  varies  in 
dlHerent  parts  of  the  circulatory  sjstem, while  that  of  the  arterial  blood 
is  everj'where  sensibly  the  sarae. 

Cooling  of  the  Blood  in  itn  Passage  thrmtgh  the  Lungs  and  Skin. — 
While  in  the  other  internal  organs  the  blood  is  warmed  during  its  pass- 
age through  the  capillary  vessels,  in  the  lung.s  its  temjierature  is  slightly  1 
diminished.  This  fact,  whicli  has  been  alternately  assertetl  and  denied, 
owing  to  the  diOlculties  of  exact  ob.servation  without  introducing  other 
causes  of  a  change  of  temperature,  has  been  abundantly  confirmed  by  the 
more  recent  observations  of  Ileriug,  Bernard,  Ileidenhain  and  Kdmer, 
and  Strieker  and  Albert.  That  of  Ilcring  was  made  upon  a  young  eaJf, 
otherwise  in  guotl  condition,  but  presenting  the  matformution  of  ectopia 
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JTdis,  by  wbicb  tlit*  hi-art  was  withdrawn  from  the  immodiiito  contuct 

^«f  other  organs,  aiid  iu  which  csisc  the  bloud  of  the  right  \ x-utricle  had 

a  trC-uiiK-rature  of  3'J.37°,  that  of  the  left  voutriele  38.7;") '■'.     Heidetihaui 

tand  Koiner,'  iu  94  obaervutioiia  on  the  dog,  partly  with  the  use  of  thurruu- 
telectric  needles  and  partly  with  Iha  uercurial  tLermonietcr,  found  the 
tc'ni]K;rulLLre  of  the  hlood  on  the  two  sides  of  tlie  heart  equal  in  only 
one  instance.  In  all  the  others,  it  watJ  higher  on  the  ri^^ht  bide  than  ou 
He  k'fl,  by  O.!*^  to  0.6°. /•  Ueruaitl^'  who  first  demonstrated  this  differ- 
ence by  the  mercurial  theriuometer,  has  shown  it  also  by  the  use  of 
tUenuo-eleetrie  nt'edlos,  tnt)o<hu-eil  into  the  right  and  Icl't  ventricles  of 
the  dog's  heart,  tliroitgh  the  jugulai'  vein  and  carotiil  artery  resitcetively  ; 
^^  always  finding  the  blood  in  the  right  ventricle  warmer  thmi  that  iu  the 
llleft.  Aceording  to  these  observations,  the  diU'ereuce  in  tetnperatni-c  may 
amount  in  tlie  fasting  anhnid  to  0.174",  diiriug  digestion  to  0.232°. 
Although  during  digestion  the  temperature  of  the  blood  generally  is 
higher  than  in  the  fasting  condition,  the  dilferenue  between  the  tofO 
Bides  of  the  heart  eonliuucs  to  nhow  itself  in  thu  same  direetion. 

The  diminution  in  temperalnre  of  the  blotnl  while  passing  through  tha 
lungs  is  usually  attrihuleil  to  the  ]rhyaical  influence  of  the  cooler  air  iu 

(the  pulnionai-y  cavities  and  to  that  of  tlie  vaporization  of  watery  fluiiL 
ks  the  air  expelled  by  respiration  is  warmer  than  when  introduced  into 
be  longs,  it  must  withdravv  a  certain  amount  of  heat  from  the  internal 
tarts;  and  as  it  contains,  furthermore,  watery  vajKir  disengaged  from  the 
lings,  the  vaporization  of  this  fiuid  must  also  reduce  the  tem|jerature  of 
he  respiratory  organs.  Whether  the  eouling  intlucnce  of  these  causes 
ia  more  or  less  tlian  suflicient  to  account  fully  for  the  dilfereuce  iu  the 
blood  on  the  two  sides  of  the  heart  has  not  been  determined.  It  is  pos- 
sible that  heat  is  also  produced  in  the  luug*,  as  in  the  other  internal 
organs;  but  that  the  whole  uf  it,  aiul  a  little  more,  is  consumed  by  the 
^^litlucncc  of  the  air  upiui  the  jyiilmonary  membrane.  It  is  evident,  how- 
^^%ver,  that  physical  ctnidititma  exist  in  the  lungs  which  must  cause  the 
disapjiearance  of  more  or  leas  sensible  heat;  and  it  is  certain  that  the 
blood,  in  point  of  fact,  dimiinshes  slightly  iu  temperature  while  passing 
through  the  pulmonary  circulation. 

Jn  the  cutaneous  circulation  the  same  physical  causes  exist  for  a  cool- 
^ing  effect  ou  the  bloo<l  as  in  the  lungs  ;  namely^  the  contact  of  the  8kin^ 
^■rith  the  cooler  air,  and  the  vaporization  of  the  watery  fluid  supplied  hyj 
^^CM>i])irution.  It  is  for  this  reason,  as  already  montione<l,  that  the  sujicr- 
ficial  parts  of  the  bixly  have  a  nortnal  teuipurature  somewhat  below  that 
if  the  interior;  and  accoulingly  the  blood,  after  passing  throngh  the 
'essels  of  the  integument,  returns  to  the  centre  with  its  temjK'rature 
ightly  diminished.  There  is  every  reason  to  believe  that  the  tissues 
of  the  skin  and  fiubjac<'i)t  parts  evolve  a  certain  amount  of  heat  by  their 
own  nutritive  changes  ;  but  the  beat  thus  produced,  ai^  in  the  uise  of  the 
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luiifTs,  being  rather  more  than  counterbtilancGd  by  that  lost  from  the 
Burl'at'P,  ll«e  total  flRt-t  upon  the  circulatiug  fluid  is  a  lowering  of  its 
toinpeiiiturc.  Tbu  amount  of  wanntli  tliUB  lust  will  var}'-  witli  the  degree 
of  external  cold  and  other  conditious  of  the  atmosphero  which  iuflueace 
the  rapidity  of  the  abstraction  of  heat. 

Loidf  J;! Ifvaf ion  of  7'empfratui'e  by  increased  Circulation. — If  tho 
circulation  be  increased  iu  any  part  of  the  external  integument,  the 
immediate  elFect  produced  \h  a  local  rise  of  temperature.  This  M'as  first 
shown  hy  Bernard  iu  his  experiiuents  upon  division  of  the  sympathetic 
nerve  on  one  siile  of  the  neck.  If  this  operation  be  perfonnetl  upon  the 
rabbit,  the  consequence  is  u  reluxution  of  the  bloodvessels  in  the  cor- 
re8ponding  side  of  the  heatl,  an  increased  vascularity  of  the  parts,  most 
readily  seen  in  the  semi-transparcjit  tissues  of  the  ear,  and  a  higher 
terapenitnre,  readily  perceptible  both  by  the  touch  and  the  themiometcr. 
In  a  rabbit,  alter  seeliou  of  the  sympathetic  nerve  upon  the  right  side 
of  the  neck,  the  temperature  of  the  corresponding  ear,  as  indicated  by 
the  thermometer,  was  iiiureased  from  25°  to  32**-,  and  the  difference 
Iwtween  the  two  sides  is  usually  more  marked  as  the  external  air  is 
coKliT-  Since  the  6U])erficial  pails  of  tlie  body  are  habitually  cooler 
than  the  internal  on  account  of  their  exposure  to  the  air,  and  as  they 
arc  constantly  supplied  with  wann  blood  from  the  interior,  their  actual 
temperature  will  lye  increased  iu  jiroportion  to  the  amount  of  blood  cir- 
culating through  their  vessels.  Tlie  local  rise  of  temperature  in  these 
iustiincea  ia  a  passive  one,  the  exposed  tissues  being  warmed  at  the 
expense  of  the  blood  coming  from  the  internal  organs.  No  more  heat 
is  actually  produced  in  the  botly  than  usual,  and  the  cooling  effect  of  the 
air  upon  the  whole  system  is  unchanged  ;  but  it  is  less  perceptilile  in 
the  part  subjected  to  ex]>enment,  because  it  receives  a  larger  quantity 
of  heat  from  the  interior  owing  to  the  increased  volume  of  blood  parsing 
through  it  in  a  given  lime. 

This  influence  of  the  circulation  upon  the  temperature  of  the  external 
parts  has  been  shown  by  Dr.  Wier  Mitchell'  by  observations  upon  the 
human  subject.  If  the  hand  and  arm  be  held  for  some  moments  aborej 
the  heiul,  emptied  us  fully  as  possihle  of  blood,  and  a  tounuqnet  then 
a|>plied  to  tbe  arm  in  BUth  a  way  as  to  clieck  the  circidalion,  the  tem- 
perature of  the  hand  falls  0.5.0'^.  If,  on  the  contrary,  the  circulation  be 
left  unimpe^led,  and  a  freezing  mixture  applied  to  the  elbow,  suQicieut 
to  chill  the  ulnar  nerve,  when  sensation  has  become  entirely  abolishetl 
tbe  temjverflture  of  the  correspoiuling  hand  rises  from  1.10^  to  2.20*^. 
lint  if  the  arm  be  first  erajdicd  of  blood  as  before,  the  tourniquet  a]jplied, 
and  the  ulnar  nerve  then  chilled  to  insensibility,  the  tcm{»ratnre  of  the 
hand  no  longer  rises,  but  falls,  as  in  the  former  experiment,  0.55*. 

In  the  internal  or  glandular  organs,  on  the  other  hand,  when  ex- 
cited to  functional  activity,  the  rise  of  temperature  is  an  active  one, 
taking  place   in   the  substiuice  of  the  glaud  itself;   since   the  blood 
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ting  through  theac  organs  becomes  warmer  instead  of  cooler,  and 
received  iie&t  from  the  ehsuiges  taking  place  in  the  glandular  tissue. 

Equalization  of  Ttmpfralure  by  the  Circulaliun, — As  thu  ]jru(lu(*tion 
of  heut  is  a  local  process  in  eadi  separate  organ  or  tissue,  varying  in 
intensity  with  the  nature  of  the  nutritive  changes  in  ditlerent  parts,  the 
blood,  Ai  we  have  seeu,  acquires  a  higher  temperature  in  some  organs 
than  in  others;  anil  in  the  lung:^  and  bkin  its  heut  actually  dimiiii'thes 
iustead  of  increas^ing.  If  it  remained  at  rest,  tlicse  diHerenees  of  tem- 
perature would  no  douht  Ite  more  marked  than  they  are  at  present.  Hut 
aa  tlie  blood  is  in  constant  motion,  passing  from  the  circumference  to 
the  centre,  and  being  again  distributed  fr<i>m  the  ccjitrc  to  the  circum- 
ference, the  ell'ect  of  tins  movement  of  eireulatiun  is  to  equalize  to  a 
(Consideralile  degree  the  temperature  of  different  parts  of  the  boily.  The 
Venous  blood  coming  frurn  the  general  integument  with  a  diminished 
temperature  is  mingled  with  tliat  of  the  muscular  system,  which  haa 
beconjc  warmed  duiiiig  its  capillary  circulation.  The  blood  of  the 
l-iiepatic  veins,  which  is  the  wannest  of  all,  joins  the  current  of  the  inferior 
|Wena  cava,  retuiiiing  from  the  i)elvic  organs  and  the  inferior  extremities. 
This  is  agaij]  mingled,  at  its  entrance  into  the  right  cavities  of  the  heart, 
with  the  slightly  cooler  ci>hiuni  of  blood  descending  from  the  head  and 
u|tper  extremities  by  the  superior  vena  cava.  The  whole  volume  of  the 
Llooil  then  passes  through  the  lungs,  with  the  effect  of  slill  further 
loderating  it.s  temperature  ;  and  the  arterial  blood  is  then  distributed 
the  various  parts  of  the  bod^",  t">  gain  wannth  in  some  of  them  an<.l  to 
lose  it  in  others,  and  again  mingled  alter  a  few  seconds  at  the  centra 
of  the  circulation.  Thus  the  su[jerabundant  heat  of  certain  organs, 
where  its  proiJuction  is  most  active,  is  constantly  transferred  to  others 
by  the  m<iving  column  of  the  bloml ;  an«l  a  certain  equilibri  um  i»r  standard 
of  temperature  is  thus  established  for  the  body  as  a  whole.  It  is  found, 
by  the  observations  of  Jiirgeusen,  that  this  standard  temperature  for 
the  human  body,  as  measured  in  the  rectum,  varies  within  very  narrow 
limits,  from  day  to  night,  and  even  iit  successive  (Kfriods  of  each  division 
of  the  twt'uty-four  hours.  These  normid  Jliietuatious  are  no  duubt  owing 
to  the  greater  or  less  activity,  at  different  times,  of  (lifferent  internal 
organs  ;  the  total  amount  of  heat  producetl  being  increased  or  dimin- 
islied  with  the  preponderating  influence  of  organs  in  which  it  is  more  or 
less  rapidly  generated. 

Begnlation  of  the  Animal  Temperature. 
A  certain  temperature  is  not  urdy  tlie  result  uf  the  vital  actions;  it  is 
also  necessary  to  their  accoraplishrnent.  Even  in  the  vegetable  king- 
dom this  temperature,  which  varies  within  moderate  limits  in  different 
kiiidB  of  plants,  is  requisite  for  ail  the  phenomena  of  growth  and  vitality. 
A  seed  sown  in  the  most  productive  soil  does  not  germinate  until  it 
feeU  the  influence  of  the  necessary  warnth;  and  its  germination  is  also 
mpossible  if  it  l->e  exiiOse<l  to  a  heat  which  is  too  intense.  The  <legree8 
;th  of  heat  and  cold  which  favor  or  arrest  the  functions  of  vegetation 
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have  been  ia  mjiny  instances  acciiratfly  detennined.     Accorfling  to  the 
experiments  of  iSac-lis,  tbu  limits  of  gfi-niiuatioii  tor  wLeut  and  Liark'jrJ 
are  between  it-'  and  3«'',  and  for  Indian  corn  bt'tween  9°  and  4^"'.     Tl 
irritability  and  periodic  movements  of  tUe  seusitivti-piant  do  not  shot 
tbemselvus  unless  the  temperature  of  the  surroiuuliug  air  be  above  13' 
In  air  at  -IS-  to  50'\  on  the  otiier  band,  the  leaJlets  Iw^cumc  rigid  in  a 
few  ruutiients,  though  thc-y  may  afterward  recover  if  the  temperature  be 
moderated;  while  a  heat  of  52"   permanently  destroys  their  vitality. 
Thus  no  vegetative  function  can  coiue  into  activity,  unless  the  tcmix-ra' 
ture  of  the  plnnt  reaches  a  certain  degree  above  the  freezing  point;  au< 
it  ceases,  furthermore,  if  the  tempeiature  rise  above  another  iletertuinat 
degree,  which  cannot  for  any  considerable  time  exceed  50°.     Withi| 
these  two  limits,  aUo,  every  vegetable  function  has  a  special  teni{H:'rar' 
ture  at  which  it  is  most  active;  diminishing  in  intensity  both  above 
and  below  this  point.  ^M 

Observation  shows  that  the  eame  is  true   of  the  animal  fuuctionsi" 
Each  6|jecie8  of  animal  has  a  definite  bodily  temperature,  and  this  tem- 
perature cannot  be   raised  or  lowered   beyond  certain   limits  without 
arresting  the  phenomena  of  life.     Muuimaliaus,  whose  normal  tempera- 
ture is  from  37°  to  40°,  become  insensible  and  soon  die,  when  coole<^fl 
down  to  18"'  or  20^,  which  is  the  natural  standard  fur  reptiles  and  fishj^* 
while  a  frog  is  soon  kilted  liy  being  kept  in  water  at  yS^.     On  the  other 
hand,  mammaliana  die  %vhen  their  blood  and  iiiternid  organs  are  heated 
U|»  to  45^,  which  is  precisely  the  norma!  temperature  of  birds;  aud^ 
birds  themselves  arc  fatally  aHected  when  their  internal  temperature  i^| 
raised  to  48°  or  60°.     In  every  case  the  vital  functions  are  seriously 
disturbed  by  a  very  moderate  cliange  in  the  actual  tenii)erature  of  the 
bodily  organs;  and  in  the  inamtualiuns,  as  a  general  rule,  death  follows 
when  this  change  amounts  to  an  elevation  of  6'"^  or  t'\  or  to  a  depres-j 
6iou  of  20^. 

Jn  the  human  subject,  in  febrile  affections,  the  rise  of  temperature,  aflj 
measureil  in  the  axilla,  yields  a  very  accurate  criterion  of  the  gravity  o^ 
the  disease.  An  increase  of  this  temperature  from  36.6"  to  37-6°  or  38^ 
indieat.es  a  mild  form  of  the  malady;  but  an  iucresise  to  40*  or  40,5*' 
shows  that  the  attack  is  severe.  Above  40.6^  it  is  a  p\ni[>tom  of  great 
danger;  and  when  the  temperature  rises  to  42.6°  or  43''  a  fatal  result  is 
almost  inevitable.' 

Effects  of  Lmvering  the  Temperature  of  the  Animal  Body If  a 

warm-blooded   auiin:il  be  exposed  to  cold  in  such  a  way  as  to  abstract 
the  internal  beat  faster  than  it  can  be  produced,  the  elfect  ia  a  genet 
and  continuous  depression  of  the  vital  functions.     After  a  short  poric 
of  pain  in    tlie  more  exp08<.'d   and   sensitive  parts,  the  skin   become 
insensilile,  the  muscles  lose  their  contractile  energy,  the  movements  ol 
respiration  diminish  in  frequoney,  and  tlie  nervous  system  Ix-comes  morft] 
and  more  inactive.     In  the  human  subject  a  marked  sluggishness  of  I 
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mind  and  a  disposition  to  »lecp  bave  beL'u  observed  as  ainoug  tlie  symp- 
Itoms  of  long  L'outioue<l  and  danguruus  expuKurc  to  unusually  low  lern- 
p«r»ture.s. 

The  local  efiectii  of  cold  upon  the  nervous  tissues  in  mnn  have  been 
»hown  Ity  the  cxperimtnls  of  Dr.  Weir  Mitchell,"  in  cliilling  the  ulnar 
[lierve  tit  the  elbow  by  the  applioatioii  of  a  freezing  niixtiiie.     This  at 
Irst  pro<luc-e8  pain  in  the  hand,  subsequently  followed  by  loss  of  sensi- 
^1>ility  and  motive  power  in  the  piirla  correHponding  with  the  distribu- 
tion of  I  he  nerve. 

The  general  etteots  of  a  lowered  tcni{)er£iture  result  from  its  cnmbiued 
'^iiifluenoe  up<>n  ttll  the  separate  orgaus  and  tiBsues.  Aceordinfj  to  the 
I  observations  of  Ueruanl,  if  the  bo<l>  of  a  ralibit  or  a  guinea-pig  lie  sur- 
^Kruinidfd  by  snow  or  iee  ho  as  to  prevent  spontaneous  motion  and  to 
^Hpause  a  eontinuous  abst raetion  of  heat,  the  tt-aiperatiire,  as  taken  in 
^Bhe  rectum,  gradually  falls  from  38^  to  30°,  25°,  20'-',  and  18=.  When 
^HtLe  depression  of  the  bodily  tenipertiturc  has  reaelied  Ihii*  point,  the 
^^Uiimal  is  insensible  nnd  pariil^Zi-d,  and  I  he  respiration  fei-liie  niut  infre- 
I  quent.  The  heat  ]iro>lnciiig  ifowor  is  also  lost,  so  that  if  the  niiimal  he 
I  withdrawn  from  the  cooling  niixtiire  and  kept  in  the  air  at  10  or  12°, 
the  temperature  of  the  body  eontinues  steadily  to  diminish,  and  death 
lakes  place  after  a  short  time. 

iiut  when  in  this  comlilion  of  depresflion  and  insensibility,  although 
lost  of  the  vital  actions  are  suspended,  and  the  animal  has  lost  the 
)wer  of  maintaining  his  own  ti'm[)eratnre,  if  he  be  8U|)[ilied  with  arti- 
*iaJ  warmlii  tijj  to  a  ceitain  point,  he  may  regain  his  vitality,  and  the 
processes   of  life  be  again  put  in  oiii-ratton.     The  ruspiraticm,  which 
ras  reduced  to  a  minimum   by  the  continued  action  of  cold,  becomes 
lercaso<l  in  rapidity  as  tlie  body  is  artiticially  warmed,  and  the  func- 
tions of  the  nervous  and  muBcular  systems  are  also  Hnally  restored. 
A  striking  example  of  the  lemjiorary  Bus|)ension  of  the  boflily  funo- 
>na  by  cold  is  presented  by  the  hiliernalitig  aiiimah^  as  marmots  and 
>me  siKicies  of  squirrels,  <vhieh  pass  into  a  condition  of  torpor  during 
le  winter,   becoming   insensible,  uuconseioiit*,  and   immovable,   while 
the  same  time  respiration  is  nearly  itiipcreeptible,  and  the   bodily 
Bmpt?rature  sinks  lo  10",  S'',  or  even  2°.     Life,  however,  is  not  abol- 
ihed  but  only  held  in  alwyance;  and  with  the  return  of  sjiring  all  the 
mctions  resume  their  activity.     A  hibernnling  animal  is  accordingly 
nnewhat  in  the  condition  of  a  seed,  which  remains  in  the  ground  over 
winter,  with  its  vitality  dormant,  but  ready  to  come  into  action  wheu 
•iipplied  with  the  requisite  degree  of  warmth. 

Effects  o/  Elfi-aliny  the    Tfinperaturti  of  (he  Animal  Body. — If  the 

tcnii>erature  of  the  bmly,  in  a  living  animal,  be  artiticially  raised  eonie 

iegrees  aliove  the  normsd  standard,  the  etTccts  are  quite  ditferent  from 

bose  produced  by  coM.     In  the  experiments  of  Bernard,  the  animals, 

>th  birds  and  mammalians,  were  inclosed  in  a  cage  with  heated  air, 


'  InJDfies  of  Nerve*  and  their  ConseqaenccB.     Philadelphia,  1372,  p.  59. 
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the  air  being  sornetinies  diy  and  somcttmes  loatkd  with  moisture,  but 
renewed  by  iluo  ventilation.  Tlie  primary  effects  were  iucrca8e<i  fre- 
quency of  respiration  and  an  nii])earanfe  of  tliscouifoit  and  agitation; 
and  linally  doatli  took  place  usually  willi  convulsive  niovemems,  soniu- 
times  accompanied  by  an  audible  cry.  The  fatal  result  was  more  rapidly. 
produced  in  liinjs  than  in  miiuiinjdia.  Thus,  a  rabbit  ptaceti  in  the  cago 
with  dry  air  at  <>5',  ditjd  in  twL-nty  minutes;  ami  a  bird,  in  air  at  the 
same  temperature,  died  in  four  minutes.  This  difference  is  uo  doubt 
partly  due  to  the  greater  activity  of  Ihe  circulation  in  birds,  by  which 
external  heat  ia  more  rapiilly  transferred  to  the  internal  organs;  since 
the  same  observer  fouini  thai  of  two  rabbits,  tiuo  living  and  one  dead, 
placed  in  the  warm  cage  at  100'^,  the  internal  temperature  of  the  living 
animal  became  Heusibly  raiseil  sooner  than  that  of  the  dead  one.  In 
medium  of  high  temperature,  therefure,  a  fatal  amount  of  heat  reache 
the  internal  organs  more  rapidly  by  means  of  the  circulation  than  by 
Bim|>le  concluctinn  tlirough  the  solid  tissues. 

After  death  from  exposure  to  too  warm  an  atmosphere,  the  internal 
tem[>erature  is  found  to  be  5°  or  G°  above  the  normal  standard;  the 
heart  is  motionless;  both  the  muscles  and  the  nerveti  are  insensible  tu 
the  stimulus  of  galvanism;  and  lastly,  cadaveric  rigidity  is  establisheil 
with  unusual  promiAitude.  In  many  instances  the  biood  is  found  dark 
colored  in  the  arterial  as  well  as  in  the  venous  system ;  but  this  is  a. 
post-mortem  change,  since  observation  shows  that  the  arterial  blood 
continues  red  bo  hmg  as  life  Lists,  while  its  oxygen  disappears  and  its 
color  darkens  with  great  rapitlity  after  the  stoppage  of  respiration-  The 
appearances  indicate  that  an  unimturull3'  high  tt-mperature  produces 
death  by  lutstenitig,  iu  au  nmUie  tJegree,  ihc  chemical  ch:uiges  taking 
place  in  the  tissues  and  fluids,  in  such  a  manner  that  their  vitality  is 
rapidly  exhausted  and  can  no  longer  be  maiutained  by  the  usual  pro- 
cesses  of  nutriticm. 

HeKialance  of  the  Lhnng  Bnthj  fo  Low  Exfernal  Temperature Since 

an  actual  depression  of  the  temperature  of  the  body  is  followed  by  8ueh 
serious  results,  and  as,  in  point  of  fact,  its  temi)erature  is  maintained  in 
health  at  the  normtl  sLindard,  notwithstanding  exposure  to  varying 
degrees  of  cold,  it  is  evitlent  that  the  living  organism  possesses  tho 
power  of  increased  production  of  internal  heat,  to  conijtensate  for  the 
greater  loss  without.  In  tlie  experiments  of  Senator  on  the  a1>stractron 
of  warmth,  by  Cf)nllning  dogs  in  close  cages  surnnindert  by  a  cold  me- 
dium, it  was  found  that  the  total  amount  of  he:it  produced  by  the  ani- 
mal was  rot  increased.  I*iit  iu  these  cases  the  animals  were  placed 
under  conditions  by  which  their  nntnrni  movements  wore  preventetl, 
and  the  results  obtainml  were  due  to  simple  cooling  of  the  Ixnly,  with- 
out the  action  of  compensating  eauises.  In  the  natural,  nnconfine<I  con- 
dition, the  etfect  is  dilTcrent.  It  is  a  matter  of  common  observation, 
that  the  influence  of  moderate  eiternaJ  cold,  if  not  too  long  continueil, 
produces  a  sense  of  warmth  ami  increased  vigor,  instead  of  depression. 
The   atmosphere  of  a  winter's  day,  or  a  cold  shower  bath,  acta  as  a 
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0tiinii1ant  to  the  vital  processes;  and  {iltltoogh  the  exposeil  parts  of 
the  skin  may  be  rerluccd  considurablj  below  their  normal  teiiiperutuiei 
the  body,  aa  a  whole,  does  not  e3t|ieiieiice  a  loss  of  warmth^  but  niuin- 
tj\iu8  its  naliiial  (.•fjiJidititHi  of  vitality.  It  i^i  uertiiiu  that  under  these 
circ-uinstances  more  heut  than  usiiid  luust  be  proiluced  Irom  the  inllu- 
[Clice  of  exteriiui  cold. 

The  iuo<ie  in  which  this  result  la  accomplished  has  not  been  deter- 
mined with  pifc-ision  by  expcriraeiitid  nieaus.  It  is  plain  that  ihe 
livrvoua  system  has  its  slmre  in  the  mochanism  of  the  proecss,  perhaps 
\y  directly  stimulating  the  molecular  changes  which  produee  the  evolu- 
ion  of  animal  heat.  There  are^  however,  two  eonreca  of  heat  supply, 
which  evidently  play  an  im[)ort!Uit  part  in  uiaiataiuiug  the  temperature 
of  the  body  when  ex|»«sed  to  cold. 

The  first  of  these  13  mu^icttlar  acliindj.  It  has  been  shown  that  the 
muscles  produce  a  coHsiderable  quantity  of  heat  iii  their  own  tissue,  and 
that  this  quantity  is  inciea-«<ed  by  the  eoutruetion  of  the  muscular  fibres. 
The  total  pro*l«clion  of  heat,  therefore,  IVtr  tlic  whole  body,  must  be 
eousiderably  augmented  when  alt  the  voluntary  muscles  are  thrown  into 
I  a  condition  of  unusual  functional  activity.  Exi>eriencc  shows  that  this 
is,  in  fact,  one  of  the  re<|ni8ite  conditicms  of  resistance  to  cold.  The 
Ktiniulds  of  the  cool  air  upon  the  skin  excites  the  desire  for  active  move- 
uicnt,  ami  mutjcular  exercise  produces  a  compensating  quajitity  of 
internal  heat.  But  if  the  body  be  exposed  to  even  moilcrato  winter 
weather  without  voluntary  motion,  it  must  either  be  protecled  by  an 
unusual  quantity  of  clothing,  or  it  will  soun  feci  the  <lepressing  cllect 
of  a  loss  of  its  animal  heat. 

Secondlj',  the  increasc<l  production  of  warmth,  when  required,  is  pro- 
vided for  by  an  increased  supply  of  food.    The  materials  fur  the  cheniiod 
changes  requisite  for  heat-prod uclion  arc  Bup[>licd  directly  by  tlie  tissues 
^^Jtr  the  blood,  but  jirimnril^',  of  course,  froui  the  ingredients  of  the  foo<i. 
^■pSven  a  recent  ingestion  of  food,  as  ehown  in  the  ex]x'rimcnts  of  Senator, 
^xnereases  i^rceplibly  the  amount  of  heat  generated,  in  tlie  dog,  within 
I      a  given  time;  and    fur  longer  |>erio(l.s,  the  influtnce  of  an  ample  or  a 
^B^anty  supply  is  nbundanlly  manifest.     In  animals  which  arc  scantily 
^^fe<l  or  ill  nouri»he<l,  the  capacity  for  resistance  to  cold  is  much  less  than 
in  tliose  which  are  in  good  condition  and  which  have  received  a  sulB- 
^■elcnt  quantity  of  food.     The  inunediatc  elfect  of  a  moderate  expohure 
^Bo  cold  in  the  h^altli^'  condition,  is  to  increase  the  np|R'tite.     A  larger 
quantity  of  food  is  habitually  taken  during  the  winter  than  during  the 
summer  season;    and  among  the  inhabitants  of  northern   and   arctic 
regions,  the  daily  consumption  of  footl  is  much  greater  than  in  the 
tem|)erate  and  tro])ical  climates. 

It  is  not  necessary  to  assume  that  the  food,  thus  reqtiired  for  main- 

ining  a  greater  heat-production,  is  directly  eraployetl  to  furnish  the 

leccssarv  warmth  by  its  consHm]ition.     The  heat  is  no  doubt  generated 

m  the  activity  of  nil  the  nutritive  clianges  in  the  difTereJit  tissues  of 

the  body,  and  these  changes  ate  enabled  to  continue  iudeflnitely  only  by 
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a  supply  of  food  sulficicutly  ample  to  provide  for  the  material  domaiid 
of  the  animal  system. 

RuHiiiiance  of  the  Living  Body  to  High  Eitleriial  Temperature. — III 
lias  been  seen  tliat,  in  the  luininu  suhjoi-t  and  Uie  warm-blooded  unim&ls 
generally,  an  actufll  rist)  in  the  bodily  U^mperatiuu  of  6"  or  7°  is  ceitainlj., 
fntal ;  and  yet  tltc*  bo<ly  may  be  exposetl^as  shuwu  by  rt'|>eated  obser\i 
tioos,  to  much   hiyla-r  dt-gicfs  of  boat  without  any  injurious  result.^ 
According  t«t  I'r.  Carpenter,  the  temjiL-rature  of  tlie  air,  in  many  |>art«  < 
of  the  tropical  zone,  ollen  risos,  during  a  large  portion  of  tbu  3''ear,  to 
43.3°,  and  in  some  rogiuns  of  India  is  occasionally  above  50-^;  while  it 
is  well  known   that  tbe   nir  of  manulactory  drying-rooniB  and  of  the 
Turkish  bntU  may  Iw  easily  endnrtd  at  a  heat  of  considerably  more  th:in 
45".     Either  of  thc&e  temperatures  would  be  fatal  to  man,  if  lliey  indi- 
cated t!ie  actual  warmth  of  the  internal  organs.     The  body  therefore 
must  either  jiosscss  Komc  means  of  diminishing  its  own  produelion  of 
boat,  or  else  fd'  neiitrsdizing,  to  a  certain  extent,  temiwrttturea  which  art* 
higher  than  that  of  the  normal  standard. 

The  most  direct  an<l  simplest  tneans  of  moderating  the  temperature 
of  the  body  is  that  by  the  r»/nnPOM«  peri^})iralivn.  This  fluid,  deriveti 
from  the  perspiratory  glands  of  the  skin,  is  a  clear,  colorless,  watery 
secretion,  with  a  distinctly  aciil  roaetinn,  and  a  specific  gravity  of  1003 
or  1 00 4.     Its  constitution  is  as  follows  : 


CojcposmoN  or  thb  Cutaneous  Perspiration. 

Wiiter 995.50 

Budium  chloride 2.23 

Potussimti  chloride 0.24 

Soduiin  ftiid  potn.ssiiim  sulphates 0.01 

Salts  of  orgunic  acids 2.02 

1000.00 

It  is  accordingly  a  fluid  of  very  simple  compomtion,  contahung  more 
than  99^  per  cent,  of  water,  and  more  than  half  its  solid  ingredients 
consisting  of  the  inorganic  alkaline  chlorides.  There  are  also  present 
in  the  pert^piration  traces  of  an  organic  substance  similar  to  albumen, 
and  a  free  volatile  acid,  which  gives  to  the  fluid  its  acid  roactiou  and 
otlor. 

The  perspiration  is  a  constant  .secretion.  In  a  condition  of  rei>ose  or 
of  moderate  Inxlily  activity,  it  is  exude<l  in  so  gradual  a  manner  that  it 
is  at  once  carried  oif  by  evaporation,  and  has  received  the  name,  under 
these  ci  rcnnistances,  of  the  iiist'iisiUf  lranitpiraliu».  The  entire  qu.intity 
of  fluid  ^liHcliarged  in  this  way,  according  to  tlie  observatiom*  of  Lavoi- 
sier and  Seguiei,  amounts  on  the  average  to  ItOO  grammes  jjer  day.  In 
addittcm  to  this,  about  500  grammes  are  discharged  from  the  longs, 
making  HOO  grammes  of  daily  exhalation  fmm  the  whole  bwly.  Tlie 
vaporization  of  this  quantity  of  w.ater  will  consume  750  hc^t  units;  oti 
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)ut  one-nrUi  ol'  all  Ihe  heat  protluced  in  tbe  body  during  twenty -four 
hours. 

The  cutaneous  pccrotiou  may  be  grcally  increased  by  temjiorarj  causes. 
An  elevated  temperature  or  unusual  muscular  exertion,  will  increase  the 
^Htirculalion  thruugh  the  ^kiii  ami  largely  augment  tbe  amount  of  Huid 
^■ischargeil.     It  then  exudes  mure  rapidly  tliaii  it  ctin  be  carried  otf  by 
^■fvapoi-atioii,  and  collects  upon  the  ekin  aa  a  visible  moisture,  whence  it 
^iS  known  as  the  HCTiaibte  perspiration.     The  .'imoiiut  of  iierspiration  dis- 
charged during  violent  exercise  has  been  known  to  rise  as  bigli  as  350 
or  380  grammes   per  hour;  and  Dr.  South  wood  Smith^  found  that  the 
laborers  employed  in  heated  gas-woiks  sometimes  lost,  by  both  cutuno^ 
ons  and  pulmonary  exiialation,  nearly  ICOO  grammes  in  the  course  of  an 
hour.     The  evaporation  of  this  increased  quantity  of  fluid  consumes  a 
large  portion  of  the  caloric  derived  from  tlie  heated  atmo^plle^e,  and 
thus  prevents  an  undue  rise  in  the  tenifKralurc  of  the  bodily  organs. 

It  ia  possible  that  certain  influences  transmitted  tltroiigti  the  nerves 

may  also  have  the  power  of  controlling  directly  the  molecular  activity 

of  the  tissues,  and  may  thus  diminisli  the  amount  of  iuternsil  heat  at 

^^lie   source  of  its  production;   but  the  experimental  evidence  of  tid.s 

^HDtion   is  yet   incomplete,   and  its  mode   of  operation   comparatively 

ob-scure. 
^^  The  production  of  beat  in  the  animal  bo<ly  and  the  regulation  of  its 
^Bemperaturo,  by  which  it  is  maintained  at  or  near  a  normal  standard, 
^^re  two  of  the  moat  important  phenomena  presented  by  the  living  organ- 
\sm.  They  are  the  result  of  au  asstK-ialed  series  of  vital  actions,  and 
the  same  time  esseiilial  conditions  for  the  continuance  of  lifo. 


'  Philosophy  of  Health.  Loadon,  1838,  chap.  xiiL 


CHAPTER  XY. 


THE    CIRCULATION. 


The  blood  is  a  niUritioua  fluid,  holding  in  solution  the  ingredipnU 
necessary  for  the  fonnation  of  the  tisanes.  In  fill  tl»e  higher  animals 
niiJ  in  inau,  the  Btructure  of  the  Lody  is  compound,  consisting  of  various 
organs^  with  widely  diltferciit  fuiietions,  situated  iu  ditferent  pnrta  of  the 
frame.  In  the  intestine  the  process  of  digestion  13  nccompJishod,  and 
llie  prepared  ingredients  uf  the  food  are  thence  absorbed  into  the  bi<toil- 
vossclrt,  hy  wldcli  they  arc  trans|)ort("d  to  distant  parts.  In  tiie  lungs 
the  blood  abaurbs  oxygt'ii,  which  ia  allerwjird  appropriated  by  the 
tissues  ;  and  the  carbonic  acid  produced  in  the  tissues  is  flnaJly  exhaled 
from  tlie  limge.  In  the  liver,  the  kidneys,  and  tite  skin,  other  siibetances, 
are  produce<l  or  eliminated,  and  these  local  processes  are  all  necessa 
to  the  preservation  of  the  general  organization.  The  circulating  fluid 
is  therefore  &  means  0/  trajii'iportatiofiyhy  which  substances  produced  in 
particular  organs  are  dispersed  thronyhout  the  body,  or  by  which  sub- 
stances proiluced  in  the  tissues  generally  are  conveyed  to  particular 
organs,  in  order  to  be  eliminated. 

The  circulatory  apparatus  consists  of  four  different  parts,  namely,  Ist^ 
The  heart;  a  hollow, muscular  organ,  which  propels  the  blood.  2d.  The 
arteries  ;  a  scries  of  branching  tubes,  which  convey  it  from  the  heart  to 
different  parts  of  the  body.  M.  The  capillaries  ;  a  network  of  inosci 
laliug  tubules,  interwoven  with  the  snbstittice  of  the  tissues,  which  briri 
the  blood  into  intimate  eontuct  with  their  component  parts ;  and  4Ui. 
The  veins;  a  set  of  converging  rcssels,  destined  to  collect  the  bl<.>od 
from  the  capillaries,  and  retitm  it  to  t!ie  heart.  In  each  of  these  dilTcrcnt 
parts  of  the  circulatory  apimratna,  the  movement  of  the  blood  is  peculiar 
and  dependent  on  special  conditions. 


ea 


The  Heart. 

The  etrupture  of  the  heart  and  of  the  adjacent  vessels  varies  In  dif- 
ferent classes  of  animals,  owing  to  the  ditfcrent  arrangement  of  the 
respiratory  organs. 

In  man  and  the  mammalians  tlie  process  of  respiration  is  not  only 
much  more  active  than  in  eohl-blooded  animals,  but  the  lungs  are  also 
the  only  special  organs  of  aeration.  The  whole  of  the  blood,  accord- 
ingly, after  returning  from  the  general  system,  passes  through  the 
lungs  before  it  is  again  distribute*!  to  the  system.  It  tliiis  traverses  in 
sneceasion  the  general  circulation  for  the  whole  body,  and  the  special 
circulation  for  the  lungs.  The  mammalian  heart  (Fig.  99),  consists  of 
(  318  ) 
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ft  right  auricle  and  ventricle  fo,  6),  receiving  tl>o  Tiloml  from  the  vena 
eava  (t),  and  driving  it  to  the  luiiga;  and  a.  left  ntiride  and  veutricle 
(/,  9)  receiving  the  blood  from 

the  Inniis  and   |>ropeUii]g  it  uut-  '''P-  ^^• 

WHiil    through    the  aiterial   sys- 
tem. 

In  the  mAinmalian  henrt,  the 
different  parts  of  the  organ  pre- 
sent certain  ]>ceidiaritie8  nnd  Ixnir 
certain  relations  to  ejich  other, 
whiclt  influence  its  action  and 
movements.  The  heart  itself  is 
suspended  somewhat  freely  in 
tile  cavity  of  the  chest,  attafliod 
to  the  Bpiiinl  column  nininly  l>y 
the  great  bloodvessels  passing 
through  the  8U|*rior  and  pos- 
terior uu'diastiuuiu.  It  ia  of  a 
morcorles^conical  form  ;  its  base, 
situated  upon  the  median  line, 
being  directed  upward  and  bnek- 
wnrtl,  while  its  a|>ex  ijoints  down- 
ward, forward,  and  to  the  left, 
surroundeti  by  the  peiicnrdinin, 
but  cnpable  of  a  certain  degree 
of  lateral  and  rotatory  motion.  The  anricles,  which  have  a  smaller 
cjipacity  and  thinner  wwUj^  thnn  the  ventricles,  are  situated  at  the  upper 
and  posterior  part  of  the  organ  (Figs.  tOO  and  101);  while  the  vuutri- 
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KIght  Hurli!lc  6.  night  vpatrtcle.  c  Pulroon- 
ary  iirt«ry.  d  Lungt.  t.  Pulmonfiry  rein. 
/,  I<eft  Murlcle.  f.  Uett  rtuUiclt,  A.  Aorln. 
I.  VetxA  e^vn. 


Fig.  100. 


^^        HnxAiv  Hkakt,   rintrrlor  Tlew.— 

r  •,   Right  venfrlrlr     b.  Left  vtntrlclo. 

^^^  c.   Right   nurlcle.    d    Loft   nurlcic.    *. 

^^K  Pulmooarr  nrterjr,    /.  AnrtA. 


Fig.  101. 


HritA!«  Hbaut,  poaterlor  tJ«w.— 
«.  Right  ventricle,  b.  L«ft  ventricle, 
c  Bight  aurtoJe.    d.  Ijcfl  Auricle. 


eloB  occupy  its  anterior  and  lower  portions.     The  two  ventricles,  raoro- 
ver,  are  not  situated  on  the  snine  plnne.     The  right  ventricle  occupies 
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a  position  somcwhnt  in  front  and  above  that  of  the  left;  »o  that  in  an 
anterior  view  of  tlie  liciirt  the  greattT  portion  of  tbc  loft  ventricle  is  con- 
cealed by  the  right  (Fig.  lOt)),  and  in  a  posterior  view  the  greater  per- 
tion  of  the  right  ventricle  is  eoncenkd  by  the  left  (Fig.  101)  ;  while  in 
both  posilious  the  apex  of  the  lieiirt'  is  constituted  altogether  by  the 
point  of  the  left  ventricle. 

The  different  cavities  of  the  heart  and  of  the  adjacent  bloodvesaela  on 
each  side,  though  eoHtinnotis  with  each  other,  are  ]»artialiy  separated  by 
certain  constrictions.  'I'lie  orifices  b^-  which  tliey  communicate  are 
known  by  the  names  of  the  auricular,  nuriculo-ventricular,  and  aortic 
Hnd  pnitnoiuiry  oi'itlees  ;  the  auricular  orifices  being  the  pnsflages  from 
the  veute  cavre  and  ptdmonary  veins  into  the  right  and  left  auricles  ;  the 
Huriciilo-ventriciibir  orificca  leading  from  the  fliiricles  into  the  ventricles; 
and  the  aortic  and  pulmonary  oriflces  leading  from  the  ventricles  into 
the  aorta  and  pulmonary  arten,'  respectively. 

The  auriculo-ventricular,  aortic,  and  pulmonary  oriQcea  are  fumiBbed 
with  valves,  which  allow  the  blood  to  pass  readily  fn»m  the  auricles  to 
tlie  ventricles,  and  from  the  ventricles  to  the  arteries,  but  shut  back  in 
Huch  a  manner  as  to  prevent  its  return  in  the  opposite  direction.  The 
course  of  the  blood  through  the  heart  is,  therefore,  as  follows  (Fig.  102): 
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KtnsT   AcaiCLE  ASD   V  ENTK  iCLK;   Aarieuto-ventrlQuiKr  VtlVM  i»p«a,  ArleriAl 

Vnlrra  clotrd. 


From  the  vena  cava  it  passes  into  the  right  auricle  ;  and  from  the  right 
auricle  into  the  right  ventricle.  On  the  contraction  of  the  right  ventri- 
cle, the  tricuspid  valvps  shut  back,  preventing  its  return  into  the  auricle 
(Fig.  103);  and  it  is  thus  driven  through  the  pulmonary  artery  to  the 
lungs.  Returning  from  the  lungs,  it  enters  the  left  auricle,  thence 
passes  into  the  left  ventricle,  from  which  it  is  finally  delivered  into  the 
aorti,  and  distributed  throtighout  the  body.     The  two  streams  of  blood. 


ventricle  it  timis  upon  itself  and  then  follows  a  direction  from  below 
iiimard,  from  light  to  loTt  iukI  from  btlore  backwaix.1,  throngh  that  part 
of  tlie  right  ventricle  lying  in  front  of  the  heart  ami  termed  tlic  "conus 
arteriosus,"  to  the  comiiu'ucemcijt  of  tlie  pulmonary  artery.  On  return- 
ing from  the  lungs  to  the  left  auricle,  it  passes  lYom  above  downwanl 
into  the  cavity  of  the  lelt  ventricle,  when  it  makes  a  turn  like  tJiat  nj)on 
the  right  nide  and  is  directed  again  from  below  upwurtl  and  from  left  to 
right,  behind  the  situation  of  thi;  couuh  arteriosus,  and  crossing  it  at  an 
acute  angle,  to  the  commencement  of  the  aorta.  The  norta  itself,  though 
its  point  of  origin  is  placcnl  somewhat  posteriorly  to  that  of  the  pulmo- 
nary artery,  sooa  comes  more  to  the  front  in  its  arched  portion,  while 
the  pulmouary  artery  runs  almost  directly  backwar<l.  Thus  the  two 
blood-curreuta  may  bo  waid  to  twist  s[)irally  round  each  other  in  their 
course  through  the  corresponding  auricles  and  ventricles. 

The  movement  of  the  blood  tlirough  the  cardiac  cavities  is  not  a  con- 
tinuous and  Bteady  flow,  but  is  accomjjlished  by  alternate  contractions 
and  relaxations  of  the  muscular  waiU  of  the  heait;  by  which  successive 
portions  of  blood  are  ilelivered  from  the  auricles  into  the  ventricles,  and 
thence  discharged  into  tbu  arteries.  Each  one  of  these  Bucceesive  actions 
is  called  a  beat  or  pnhotton  of  the  heart.  The  cardiac  pulsations  are 
accompanied  by  certain  physical  phcuuuiena  de|>eude4it  upon  tlic  stiiic- 
ture  of  the  heart  and  its  mode  of  action. 

Hounds,  Mooemcufs,  and  Impultte  of  (he  Heart. — The  sounds  of  the 
heart  are  two  in  number.  They  can  be  heard  by  applying  the  ear  over 
the  canliac  region,  when  they  are  found  to  be  quite  dillerent  from  each 
other  in  position,  toue,  and  duration.  They  are  distinguished  as  the 
Jlrst  and  second  sounds  of  the  heart.  The  first  sound  is  heard  with  the 
greatest  intensity  over  the  anterior  surface  of  the  htart,  and  particularly 
at  ttie  situation  of  the  apex  beat,  over  the  fiflh  rib  and  the  fifth  inter- 
costal space.  It  is  comparatively  long,  dull,  and  smothered  in  tone, 
and  occupies  one-half  the  entire  duration  of  n  V»eat.  It  corresponds  in 
time  with  the  impulse  of  the  heart  iu  the  prc-cordial  region,  and  with  the 
stroke  of  the  large  arteries  in  the  immediate  vicinity  of  the  chest.  The 
second  sound  follows  almost  immediately  upon  the  first.  It  is  heard 
most  distinctly  nt  the  situation  of  the  aortic  and  pulmonary  valves, 
namely,  over  the  sternum  at  the  lev<'l  of  the  thinl  costal  c-irtilage.  It 
is  Hhort  and  distinct,  an<l  occupies  only  about  one-ijuarter  of  the  whole 
time  of  a  pulsation.  It  is  foUowetl  by  an  equal  interval  of  silence ;  after 
whicli  tlie  first  sound  again  recurs.  The  whole  time  of  a  cardiac  pulsA- 
tion  may  be  divided  into  four  quarters,  of  which  the  first  two  are  occii- 
[)ied  by  the  first  sound,  the  tltird  by  the  second  sound,  and  the  fourth 
by  an  interval  of  silence,  as  follows : 


ReLATIVH   T1II8   AKD    DdXATIOW    OF   TBS    D  K A  RT-SoT7KD8. 

Ist  quarter  1  „. 
fj„      I  Fxrst  soand. 

M        "         Second  sounil. 
4th       "  lutcrval  of  silence. 
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'  The  cause  of  the  second  sound  is  aniversany  admitlcd  to  be  the  sutlflen 
.closure  and  tension  of  the  aortic  and  pulmonary  valves.  This  fact  is 
established  by  tlie  following  proofs :  lat.  The  souiul  is  heard  with  per- 
fect distinctness,  as  meutioncil  above,  directly  over  the  situation  of  these 
valves  at  the  base  of  the  heart;  2d.  The  further  we  recede  in  any  direc- 
tion from  this  point,  the  iainter  becomes  the  sound  ;  ami  Sd,  in  experi- 
ments upon  the  living  animal,  by  diU'ercnt  observers,  it  has  been  found 
that  if  a  curvecl  needle  be  intiodiieed  into  the  base  of  the  targe  vessels, 
HO  as  to  hook  back  the  semilunar  valves,  the  second  soun<l  disappears, 
and  remains  absent  until  the  valve  is  again  iiberalcd.  The  valves  con- 
aist  of  fibrous  sheets,  covered  with  a  layer  of  endocardial  epithelium. 
They  have  the  form  of  semilunar  festoons,  the  free  e<lge  of  which  is 
directetl  from  the  cavity  of  the  ventricle,  while  the  attached  edge  is 
fastened  to  the  inner  surface  of  the  base  of  the  artury.  "Wliile  the  blood 
is  passing  from  the  ventricle  to  the  artery,  the  valves  are  thrown  for- 
ward and  relaxed;  but  when  the  artery  reacts  upon  its  contents  they 
shut  back,  and  tlieir  fibres,  becoming  suddenly  tense,  yiehl  a  clear, 
characteristic,  snapping  sound.  The  character  of  this  valvular  sound 
may  be  closely  imitated  by  snapping  a  piece  of  tape  or  ribbon  (Fig.  105), 

Fig  IOj. 


'^  O' 


•Itcm.ately  loosening  and  extending  it,  while  firmly  held  between  the 
fingers  of  tlie  two  hands.  A  short  piece  of  ribbon  by  this  smldcn  tension 
will  give  out  a  sharp  and  distinct  sound ;  a  longer  one  will  yield  a  sound 
which  is  more  dull  and  prolonged. 

The^r«/  souml  of  the  heart  contains  two  elements,  winch  are  mingled 
in  different  proportions  acconling  to  the  point  at  which  it  is  heard.  One 
of  these  elements  is  comparatively  dull  in  tone,  and  when  heard  over 
the  apex  or  front  of  the  heart  communieates  its  character  to  the  whole 
of  the  first  sound.  It  is  variously  attributed  to  the  muscular  contrac-" 
tion  of  the  canliac  fibres  and  lo  the  movement  of  the  surface  of  the 
heart  against  the  inner  walls  of  the  chest.  The  remaining  element  of 
the  first  sound  is  valvular  in  character,  and  is  caused  by  the  tension  of 
the  auriclo-ventricular  valves  at  the  time  of  the  ventricular  pulsation. 
It  graduall}'  predominates  over  the  other,  at  points  further  removed 
from  the  apex  of  the  heart,  toward  the  left  border  of  the  organ  and  the 
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left  nipple;  and  still  further* to  the  left  it  is  heard  alone,  the  first  sonnd 
at  this  i^itaation  being  purely  valvular,  like  the  Beooiid.' 

The  mocemetits  of  Ihe  heart  muy  be  observed  in  the  dog,  or  otiii 
warin-blorxled  quadruped,  by  opening  Ihe  cavity  of  the  chest  b^- a  longi' 
tudinat  iucisiou  through  the  sternum,  and  separating  the  costal  cartilages, 
on  each  aide,  at  tlieir  junction  with  the  ribs;  artificial  respiration  being 
maintainfcl  by  ihe  nozzle  of  a  bellows  inserted  in  the  trachea.  The 
animal  uijiy  be  partially  narcotized  by  a  preliminary  eulicutaneoua  in- 
jection of  aior|>hine,  alter  which  complete  etherization  is  produceil  and. 
contiiiued  witli  great  facility.  The  operatitm  of  opening  the  client  and 
exposing  the  thoracic  organs  increases  the  rapidity  of  the  heart's  tnove- 
raents  and  diminishes  their  force ;  but  its  action  is  not  otherwiije 
changed,  and  the  circulation  will  continue  for  several  hours,  provided 
artificial  respiration  be  maintained  with  legularity. 

When  extioscd  to  view  under  these  conditions,  the  movements  of  the 
mammalian  heart  are  at  once  seen  to  be  complicate<l  to  such  a  degree 
that  close  exnmination  ia  requisite  to  distinguish  their  dilferent  elements. 
The  most  obvious  appearance  at  first  presentml  is  the  rapid  succession 
of  two  alternating  conditions,  namely  a  condition  of  rest  and  a  condi- 
tion of  movement.  Furthermore,  if  tlic  heart  be  touched  or  gently 
grasped  between  the  fingers,  it  becomes  e'^idcnt  that  the  two  states  of 
rest  and  movement  are  accompanied  by  corresponding  changes  in  the 
consistency  of  t!ic  organ.  At  the  time  of  rest  it  is  comparatively  sod 
and  yielding  to  the  touch ;  at  the  time  of  its  movement,  it  becomes  hard 
and  tense.  Inspection  alone  cannot  determine  which  of  these  two  states 
corresponds  with  the  entrance  of  the  blood  into  the  ventricles  and  which 
with  its  exit ;  in  other  words,  which  represents  muscular  relaxation  and 
which  tlic  contraction  of  the  heart.  Different  observers,  while  wattliing 
the  movements  of  the  same  heart  in  the  living  animal,  will  often  be  ktl 
to  opposite  conclnsiona  in  this  respect.  The  only  method  of  directly 
determining  the  point  ta  that  first  adopted  by  Ilarvcy,  in  his  observa- 
tions upon  iLc  heart,  which  formed  the  basis  of  the  (iiscovery  of  the 
circulation  of  the  blood.  If  we  insert  through  the  walls  of  the  left 
ventricle  a  silver  eanula  from  one  to  two  millimetres  in  diameter,  so  as 
to  pierce  its  cavity,  the  blof>d  is  forcibly  projected  from  its  orifice  at  the 
time  of  the  tension  of  the  cardiac  walls,  while  its  flow  is  suspended  in 
the  intervals  of  repose. 

Thus  the  two  states  of  relaxation  and  tension  of  the  heart  corre9i>ond 
with  the  relaxation  and  contraction  of  ils  nniacular  fibres.  Like  mus- 
cular tissue  elsewhere,  that  of  the  heart  during  rc4asation  is  compiara- 
tively  BofY  to  the  touch  ;  when  the  ventricles  contract  upon  their  contents 
an<l  forcibly  expel  the  blood,  tliey  become  t«use  and  firm,  by  the  sudden 
rigidity  of  their  fibres.  By  this  means  the  two  0[>po8ite  conditions  of 
the  diastole  and  systole  of  the  ventricles  may  be  rec<ignized  with  cer- 
tainty, and  connected  with  the  other  corresponding  phenomena  of  the 
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>  Flint,  TrvatJBe  on  DiacaBca  of  iho  Hi-arl.     Philadelplua,  1870.  pp.  61-62. 


hearths  action.  At  the  ttmc  of  tticir  di&Htole,  the  blood  enters  the  [ 
cavity  of  the  ventricles  through  the  auricular  orilice ;  at  the  time  of  i 
their  Bvstolc  it  i»  exnulled  into  liic  artcrijii  trunks. 


CJMil 

SimultantoUHly  with  the  hunicnittg  and  cotitructioti  of  the  ventricles 
the  apex  of  the  lieart  moves  nlighJj'  from  left  to  right,  mvl  rotates  :it 
the  same  time  upota  its  unii  tixis  in  a.  ijiiiiiiiir  direction.     This  moveuient 
ran  also  observed  hy  Ilarvcy,  who  describes  it  as  follows:' — 

And  if  any  one,''  h«  says,  '*  bearing  these  things  in  mind,  ■will  care- 
fully ivatch  the  motions  of  the  heart  in  the  body  of  the  living  aniuial^ 
he  will  perceive  not  only  all  the  particulars  I  liHve  mentioned,  nnniety^ 
the  heart  becoming  erect  and  making  one  continuous  mutioa  with  it* 
aarieles ;  but,  ftirther,  a  certain  obscure  undulation  and  lateral  inclina- 
tion in  the  *lircctitm  uf  the  axis  i>(  the  riyht  ventricle,  the  orgnn  twisting 
■itself  slightly  in  jx'rforming  its  work." 
Both  these  movements,  of  lateral  inclination  and  rotation,  result  from 
the  spiral  arrangement  of  the  muscular  fibres  on  the  exterior  of  the 

heart.     TJie  iivi  mt  sinjerlicial  of  these  fibres 

I  Fig.  106.  start  from  the  base  of  the  organ  an<l  puss 

y!>^  toward    iLsi   apex,  foiluiving  nn   obliquely 

/     nV^P" — ^-^  spiral  course  over  its  anterior  surface,  from 

r\  f       y"^  ^^.  above  downwanl   and  from  right  to  left. 

j^    |\    /^      ^nTTs  The  contraction  of  this  siiperliciiJ  portion 

Fip  107. 


Bin.LOi'K'«  Heart,  anterior 
view,  iliowiag  the  •upertlcial  mu*- 
cular  Obrea. 


GowTRitoiMO  .Spiral  Ft  bukb  at  the  A  p  k« 
or  THE  Heart.  Th«  dlrrcttou  of  the  arrowa  Indl- 
eatei  that  of  the  rotatliif;  mnremcal  of  Ifae  heart  at 
Ht*  time  of  the  veatrleular  lyatole. 


of  the  muscular  fibres  accordingly  tilts  the  npex  of  the  heart  in  a  slight 
degree  l>otli!y  from  left  to  light.  As  the  fibres,  however,  reach  the  point 
of  the  heart  they  curl  round  its  axis,  change  their  direction,  and  disap-j 
ar  from  Bight,  becoming  deep  seated  and  passing  upward  along  the 
plum  and  internal  surface  of  the  ventricle,  to  a  terrninalion  finally  in 
the  columnoe  cameae  and  the  fibrous  bonier  of  the  aurieulo-ventricular 
ring.  They  thus  form,  exactly  at  the  apex  of  the  heart,  a  kind  of  whorl 
or  vortex,  of  spiral  muscular  fibres  easily  distinguishable  when  the  orgnn 
ia  in  active  motion.      Any  musctdar  fibre  arranged  in  this  direction 


'  Works  of  William  Harvey,  M.D.,  Sydenham  Edition-     London,  1847,  p.  33, 
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necessarily  tends,  at  the  morn  wit  of  its  contrjietion,  to  straigltten  or 
untwist  the  spiral.     At  liie  time  of  the  veulrietilar  eoJitruclioii,  there- 
fure,  the  u|m'x  uf  the  he-art  rotates  ii])Oii  its  axis,  from  lull  tu  right  auUs- 
riorly  ami  from  right  to  left  posteriorly.     This  twisting  movement  at  j 
the  a\n^x  is  wry  i>ereeptible  ut  eueh  jjulsation  of  tbe  heart  when  exposetti 
in  the  living  aniiuiii. 
X  Tite  im/ndne  uf  tlie  heart  is  a  stroke,  more  or  less  fon-ible^  of  tho 
f  apex  of  the  orgnn  against  tlie  wmIIj^  of  the  ehest,  taking  place  at  tlie 
\  time  of  the  ventricular  eystuie.      Thia   impulse  is  readily  perceptible 
externally,  as  »  general  rule,  both  to  the  e\e  and  to  tbe  tciiieb.     In  the 
tuinuui  subjvet,  when  in  Xlw  iTcet  jiosition,  it  in  located  in  the  iifth  inter- 
costal fipaee,  niidwaj"  between  the  b'll  edge  of  the  gtemuiii  and  a  linej 
drawn  per]>endieuiarly  through  the  letl  nipple  ;  wliile  in  the  supine  posi- 
tion of  the  body^  the  heart  sabrndes,  in  a  measure,  from  the  anterior  part 
of  the  chest,  so  that  its  external  impulse  nia^-  become  for  the  time  very 
faint,  or  may  eveu  disappfur  aitogc-tlitr. 

This  altt-rnate  recesbion  and  advance  of  the  apex  of  the  heart,  corre-  | 
spondiug  with  its  relaxation  and  contraction,  is  visible  iu  tbe  organ  wheo 
exposed  by  ojKxiiug  the  walls  of  tbe  cliest.     According  to  the  descrip-| 
tion  given  by  Harvey,  at  tire  time  of  its  motion  ''tlie  lieart  is  erected,! 
and  rises  uitward  to  «  point,  so  that  at  this  time  it  strikes  against  Ihei 
breast  and  tbe  pulse  is  felt  externally."     If  we  allow  the  end  of  thej 
linger  to  rest  lightly  n]ion  the  Hptx  of  the  ex|io9ed  huart,  the  protrusion! 
of  this  part  of  the  organ  nt  the  time  of  the  ventricular  systole  is  dis-j 
tinetly  felt,  lifting  the  finger  at  each    beat  with  a  somewhat  forcible 
impulse  ;  and  if  a  light  rider  of  white  paper  be  placed  u()on  tbe  apex,  it 
is  also  seen  to  lie  thrown  forward  and  backwanl  at  each  alternate  eon- 
traction  and  relaxation  of  the  heart. 

The  immediate  cause  of  the  pi'otrusion  of  the  heart's  apex  at  the  time] 
of  the  ventrictrlar  systole  has  been  variously  regarded,  first  as  an  actual] 
elongation  of  the  ventricle,  and  secondly,  as  a  forward  movement  of  thej 
whole  heart,  tlile  to  a  recoil  Inmi  llie  blond  expelled  from  it  under  pres-' 
sure,  or  to  a  reaction  of  the  distended  arteries  at  its  base,     (ialen,  who 
was  the  first  to  study  the  actioir  of  the  heart  by  inspection  in  the  living 
animal,  found  the  transverse  diameter  of  the  organ  increased  during] 
relaxation  nnd  its  length  diminiwbed,  wliile  drrrirrg  the  systole  its  width 
was   diminislie<l  and   its  length    increased.'     Of  subsequent  obser>'er8, 
some  t»elieved  the  heart  to  be  lengtheneil,  others  that  it  was  shortened  at 
the  time  of  the  ventricular  s\stole.     Nearly  all  the  more  recent  phj'sio- 
logicrd  writers  of  eminence  (Longet,  Carpenter,  Flint,  Runke,  l?urdon- 
Sandcrsoii)   are  of  the  ojiinion    that  the  ventricles   when  contracting^ 
iJiminisb  in  size  in  every  direction,  that  the  ajx'x  of  the  orgnn  approaches 
the  base,  brrt  that  the  whole  heart  is  thrown  forward  by  tbe  impulse  of 
recoil  above  mentioned.     Prof  Flint'  cut  out  the  heart  suddenly  from. 


'  GuSen,  De  Uarr  Partium,  vi.  8. 

•  Physiology  of  Man.     New  York.  1866.  p.  189. 
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the  dog,  ivinl,  fastening  it  iiiwii  a  table  by  iiee<lle8  pasaod  through  its  bast;, 
round  the  ventriuleH  shortened  in  contraction ;  and  obtained  the  same 
result,  in  unotlaT  oxperimetit,  by  piimtiig  tliu  haart,  iu  the  chest  of  the 
living  animal,  t<j  a  tbiu  board  placed  iiiulL'nK-atb.  On  tin?  other  hand, 
Dre.  Pennoek  and  Moort,  who  inTformcd  u  soiiea  of  vi-ry  carL't'ul  experi- 
ments iiptju  tbe  action  of  tlie  heart  in  sheep,  calves,  and  horses,'  observeil 
au  elongutiou  of  Ihe  orgnn  at  the  time  of  the  ventrieular  systole.  They 
Operated  by  stnnninj^  the  »niraal»  with  a  blow  upon  the  head,  oiKjning 
the  chest,  and  keeping  tip  Hitilicial  res])iration,  and  they  were  able  to 
measure  the  extent  of  etuiigatiuu  by  meana  of  a  shoemaker's  rule  applied 
to  the  heart. 

In  our  own  observations  on  this  point,  many  times  repeated,  we  have 
alwaj's  seen  reason  to  iK-lieve  that  the  heart  fictiudlv  elongates  in  the 
ventrieular  systole^  and  llmt  it  is  ui4  simply  thrown  forward  by  an  im- 
pulse of  recoil.  The  appe:i ranees  presented,  when  viewing  the  front  of 
the  mammalian  heart,  as  it  lies  in  il»  natural  position  in  the  chest,  are 
soniewhat  euniplieated.  The  anterii>r  surface  of  the  organ  is  mainly 
occupied  by  the  right  ventricle  and  especially  by  that  portion  of  it 
known  as  the  eonus  nrteriosns.  This  is  in  reality  a  vaulted  ehnunel 
running  obliquely  over  the  front  of  the  heart,  from  right  tu  left  an<l  from 
lielow  upward,  toward  the  origin  of  the  pulmonary  artery.  Its  mnscular 
fibres,  on  the  other  hand,  run  directly  across  it  and  at  right  angles  to 
the  axis  of  its  cavity,  namely,  from  right  to  left  and  from  above  down- 
warci,  constituting  the  mo><t  siipi-rfieial  fibres  of  the  heart  in  this  situa- 
tion. At  the  time  of  ventricular  Byntole,  these  fibres  contract  across  th« 
ime  of  the  conus  arteriosus,  Ix'come  thickener!  and  more  prominent  and 
approximate  the  base  of  the  heart  and  the  lower  border  of  the  conus 
arteriosus  toward  each  other. 

Hut  the  right  ventricle  constitutes  a  comparatively  stnall  portion  of 
the  heart.  'I'he  greater  part  of  its  mass  is  formed  by  the  thick  walls  of 
the  left  ventriele,  which  occupies  a  posterior  position,  and  is  not  fully 
seen  in  a  front  view  of  the  orgnn.  If  the  heart  be  tilled  U[}  a.m\  \newed 
from  its  posterior  surface,  .it  every  cont  raction  its  sides  will  be  seen  to 
approximate  ami  its  point  to  elongate;  in  other  words,  its  transverse 
diameter  diminishes,  while  its  longitudinal  diameter  increases.  Its  base 
may  be  firmly  held  by  the  fingers  jiliiced  upon  tlie  large  vessels,  while 
this  change  of  form  of  the  organ  is  observed.  Kven  in  an  anterior  view^ 
with  the  whole  heart  securely  held  in  this  position,  according  to  our 
obserN-ationa,  the  apex,  at  each  systole,  will  rise  toward  an  ivory  rod 
placed  horizontally  above  it,  and  will  recede  in  the  same  degree  at  each 
diastole. 

If  this  be  true,  the  explanation  of  the  ventricular  elonsfation  is  readily 
found  in  the  arrangement  of  the  muscular  filjres  of  the  left  ventricle. 
The  left  ventricle  preiionderates  so  much  in  mass  over  the  other  parts  of 
the  organ,  that  its  changes  of  figure  determine  those  of  the  entire  heart. 


Philadelphia  Medical  Examiner,  1839,  No.  44. 


328 


THE    CIRCULATION. 


Fiir   lUS. 


\ 


A  transverse  section  of  the  heart,  in  its  contracted  condition,  sliows  the 
rc'lativo  volume  of  the  muscular  walls  of  tlie  right  and  left  ventricle*, 

and  the  flill'erence  in  form  of  the  tw 
cavities. 

1  he   left    venlriulc   forms    a    thick 
muscular  tul*,  vith  its  cavity  nearly 
in   Ihe  centre   of  the   eartliac    mass 
wiiile  the  riyht  ventrirle  has  tlie  a 
])oiirunce   of  a   coiupamtively  incoi 
Biileraljic  layer  of  fibres,  attached 
the  lateral  sui-face  of  the  organ*  and' 
enclosing  a  cavity  of  a  more  linear 
and  flattened  form. 

ThcsuV|»erlicial  caixliac  fibres,  which 
make  the  visilde  pmrt  of  the  wall  of 
tlie  ri|jht  ventricle,  run  obliquely  from 
rijirht  to  left  and   from  above  down- 
ward, towarti   the  heart's  apex;   but   the  more  deeply   seated  layers, 
Lelouginj^  to  the  left  ventricle,  take  more  and  more  a  horizontal  or 
circular  course,  lieing  wrappix'd   round  the  ven- 
tricle, almost  like  those  of  the   suudl  intestine. 
Whenever   these   mnsciilar  fibres  contract,  they 


THAJfSVKItSE      SECTiOW      Or      TllB 

Bullock's  Heabt  in  tbx  state 
or  Cadavkbic  HioiDiTT— a.  Cav- 
Ity  of  flic  l.otr  ypiitrUlc.  ft.  Citrity  of 
the  Sight  Vcatrlcle. 


J 


Fig.  109. 


must,  of  course,  swell  in  the  direction  of  llicir 


^^1  l^^^^^S^^^  thickness;  nnil  the  edoct  }iT0<1  need  by  this  simul- 

^^M  ^^^^^^3^^m  taneous  ewelling  of  all  the  circular  fibres  is  to 

^^^^H  ^^S^^^^^B  increase    the  lunvritudinal  diameter   of  the   Tcn> 

^^^^V  ^^^^^^^^V  tricic,  at  lUe  same  time  that  its  sides  are  drawn 

^^^^^  ^^^^j^y  together  and  its  calibre  diminished.     In  the  Bys- 

^^m  ^^^^^^m  *"^*^  ^^  ^^^^  vcntriclle,  acconlinjTly,  its  muscnlar 

^^P  ^^^^m  fibres  contract  upon  its  contents,  like  the  fingers 

^^m  ^^B^  of  a  closed  hand,  and  the  blood  is  expelled  from 

^P  lbft  vnsTftirLiioF  ng  cavity  very  much  as  the  flidda  of  the  intestiual 

^^  BiLLOoK'a      Heart,  ■  .  ,  t    i        ^i 

w  aiiowiiig  III  iicep  fibres.       caual  are  forced  onward  by  the  contracting  cir- 

I  cular  fibres  of  the  mnseular  coat. 

I  Rhylhm  of  the  Ht'arCs  Action. — The  succession  of  phenomena  in  the 

heart's  action  is  peculiar  and  sonicwbat  complicated.  Each  pulsation 
is  made  up  of  a  doulilc  series  of  contractions  an<l  relaxations.  The  twi> 
auricles  contract  together,  and  afterward  the  two  ventricles;  and  in 
each  case  the  contraction  is  im mediately  followed  by  a  relaxation.  The 
auricular  contraction  is  short  and  feeble,  and  occupies  the  first  part  of 

I  the  time  of  a  pulsation.     The  vuntricular  contraction  is  hmireraud  more 

powerful,  and  occupies  the  latter  part  of  the  same  periov.1.  Following 
the  ventricular  contraction  there  comes  a  phort  interval  of  repose,  alter 
which  the  auricular  contraction  ai^ain  recurs.  The  auricular  and  ven- 
Lrieular  contractions,  however,  do  not  alternate  distinctly  with  each 
other,  like  the  strokes  of  the  two  pistons  in  a  double  forcing-pump.  On 
the  coutrary,  they  are  conneetwl   anil  continuous.     The  contraction, 
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■wliich  commences  nt  the  auricle,  is  iromt'clintoly  propngatcil  to  the  ven- 
tricle, !Uk1  mils  rnpidly  Iroiu  the  basv  uf  the  JiL'tirt  to  its  u)n.>x,  very 
tuiich  in  tlio  aiauuer  of  a  peristaltic  motion,  excepting  that  it  is  more 
sudden  and  vigoroua.  This  part  of  the  lieart'a  action  is  deaeribed  bj 
Harvey  in  very  graphic  terms,  evidently-  dnnvu  from  direct  study  of  the 
phenonnua  in  the  living  iitiiuiul. 

*' First  of  all,"  he  says,  "the  auricle  contracts,  and  in  the  course  of  its 
contraction  throws  the  blood  (which  it  contains  in  ample  quantity  as 
the  head  of  the  veins,  the  fttorelioUBe  and  cistern  of  the  bloo<l)  into  the 
ventricle,  i\hicb  being  filk-<l,  the  heart  rutses  itself  straightway,  nialtes 
all  its  fibres  tense,  contracts  the  ventricles,  and  performs  a  beat,  by 
which  beat  it  Immediately  sends  the  blood,  wupplied  to  it  by  the  auricle, 
into  the  arteries ;  the  right  ventricle  »en<liug  its  charge  into  the  lungs 
by  the  vessel  which  in  cnlb'd  vena  arteriosa,  but  which,  in  structure  and 
function,  and  all  things  else,  is  an  artery ;  the  left  ventricle  sending  its 
charge  into  the  aorta,  and  through  this  by  the  arteries  to  the  Ijody  a( 
large. 

'•  These  two  motions,  one  of  the  ventricles,  another  of  the  auricles, 
tnke  place  consecutively,  but  in  such  a  manner  tliat  there  is  a  kind  of 
harmony  or  rhytlim  preserved  between  them,  the  two  concurring  in 
such  wise  that  but  one  motion  is  apparent,  especially  in  the  warmer 
blooded  anini:Js,  in  which  the  movements  in  question  are  rapid.  Nor 
in  this  for  any  other  reason  than  it  is  in  a  j)iece  of  machinery,  in  which, 
though  one  wheel  gives  motion  to  another,  yet  all  the  wheels  seem  to 
move  simultaneously ;  or  in  that  mechanictd  contrivance  which  is 
adapted  to  fire-arms,  where,  the  trigger  being  touchcil,  down  comes  the 
flint,  strikes  against  tin-  hUhI,  elicils  a  spark,  which  falling  among  the 
fwwdcr,  it  is  ignitcfl,  upon  which  the  flame  extends,  enters  the  barrel, 
causes  the  explosion,  proix^ls  the  ball,  and  the  mark  is  attained  ;  all  of 
which  incidents,  by  reason  of  the  celerity  with  which  tiiey  happen,  seem 
to  take  jjlace  in  the  twinkling  of  an  eye.'' 

The  above  description  in<licate3  precisely  the  manner  in  which  the 
contraction  of  the  ventricle  follows  successively  and  yet  continuously 
upon  that  of  the  auricle  The  contraction  begins,  as  already  stated,  at 
llie  auricle.  Thence  it  runs  immediately  forward  to  the  u|>ex  of  the 
heart.  The  entire  ventricle  contracts  vigorously,  its  walls  hanlen,  its 
apex  protrudes,  strikes  against  the  walls  of  the  chest,  and  twists  from 
left  to  right,  tlie  auriculo-ventrirular  valves  shut  back,  the  first  sound 
is  produced,  and  the  I.Jood  is  driven  into  the  aorta  and  pulmonary  artery. 
These  phenomena  occupy  alnjut  «>ne-half  the  time  of  pulsation.  Then 
the  ventricle  is  relaxed,  and  n  short  period  of  repose  ensties.  During 
this  period  the  blood  flows  from  the  l:irge  veins  into  the  auricle,  and 
through  the  auriculo-ventricular  oriliee  into  the  ventricle;  filling  the 
ventricle,  by  a  kind  «if  passive  dilatation,  about  two-thinls  or  three- 
quarters  full.  Then  the  auricle  contracts  with  a  quick  motion,  forces 
the  last  drop  of  l»lood  into  the  ventricle,  distending  it  to  its  full  eapu- 
22 
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city ;  and  lastly  the  vcntricultir  contracLion  takes  place,  driving  tlie  bloo«l 
into  tLe  large  arteries.     Thesjc  movcnunts  continue  to  alternate  wii 
each  other,  and  Ibrin,  by  their  recurrence,  the  Buccessive  cardiac  pul 
BatioDS. 

The  Arterial  CirctUaticn. 

The  arteries  are  a  series  of  liranching  tubes,  which  coTnmonce  wi 
the  Jiorta  and  rntuif'y  throughout  the  budy,  distributing  the  Mood  to  tl 
various  vasciiljir  org:ins.     They  consist  of  three  principal  eoat^s,  nameljj 
an  inner  cu:it,  euinposiHl  of  Cliin  elastic  lumiiia.'  litieil  with  a  single  lay 
of  narrow,  elongated  and  flattened  epithelium  colls;  a  utiddln  coat,  cu 
poBcd  of  elastic  tissue  and   tmstriped  muscular  filires,  running  tram 
versely,  or  in  a  eireidar  direetinii,  rotnul  the  calibre  of  the  vessel;  and 
an  eiFlcrnol  con^l,  cousistiug  mainly  of  a  more  or  les-i  condensed  layer 
of  connective  tissue,     'JTie  principal  auatoinical  distinction  between  tbe 
larger  and  the  sniidler  arteriea  is  in  the  structure  of  their  middle  coa 
In  the  Binnller  arteries  tlits  coat  is  composetl  exclusively  of  musitul 
fibres,  arranged   in  one  or  Bcvcral  Liyers.     In  arteries  of  meilium  sizi 
the  middle  coat  contains  both   muscular  and  elastic  tissue;  while  in 
those  of  the  largest  calibre  it  consists   of  clastic  tissue  alone.     The 
large  arteries,  accordiugly,  [iospcss  a  remnrkable  degree  of  elasticity  an 
but  little  contractility;  while  the  smaller  arc  contractile,  and  less  di 
tinetly  elastic. 

Moremenl  of  the  Blood  Ihrojtfjh  the  Arterial  System. — The  movement 
of  the  blood  tbronph  the  arkries  is  due  to  the  muscular  force  of  thi- 
heart  and  the  im|)ulsc  derived  from  ttie  ventrieulnr  systole.  The  arte- 
rial system,  which  is  on  extensive  ramification  of  tubular  canals,  may 
be  regarded  as  a  great  vascular  cavity,  subdivided  from  within  ontwanl 
by  the  sneeessive  brnnehing  of  its  vchscIh,  but  e<imm<juii-ating  freel 
with  the  heart  wild  norta  at  one  extremity,  and  w  itli  tlic  cnpillary  plexu 
at  the  other,  and  filled  everywhere  with  the  circulating  fluid.  At  the 
time  of  the  heart's  contraction,  the  niuwuhtr  walls  of  tho  ventricio  clos* 
in  upon  its  cavity;  and  as  the  auiieulo-veiitricidar  valves  at  the  siimi 
time  HJiut  back  and  prevent  regurgitation,  llie  blood  is  forced  out  fro 
the  ventricle  through  the  aortic  orifice.  As  the  ventricle  relaxes  it  ii 
again  filled  with  liloo<l  from  the  auricle,  and  delivers  it,  as  before,  I 
a  new  eontraetifui,  into  the  arteries.  It  i.s  by  these  impulses,  recurrinu 
at  short  intervals,  that  tire  entire  blood  moves  in  a  direction  from  the 
heart  outwnnl  through  the  arteriid  system. 

Distention  of  the  Arteries  by  the  IlearVs  Action;  Arterial  Pulac. — A 
each  ventricular  g^tole  a  charge   of  blood  is  driven  into  the  aiterit 
distending  tlieir  walls  by  the  pressure  of  the  .'idditiount  r|Uantity  of  flu 
introfluced  into  their  cavities.     When  the  ventricle  afterward  relaxes, 
this  active  distending  f(n-ee  is  suspeiuled  ;  and  the  elastic  arterial  wails, 
reacting  u[)on  their  contents,  would  drive  the  blood  back  into  the  hea: 
were  it  not  for  the  closure  of  the  eemiluuar  valves,  which  shut  togeth< 
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iiy  iiiovemfiit  in  n  Imrkwanl  ili  recti  on.     The  blood  is  thus 

iii'ged  on  ward,  uiuIit  the  luesbuio  of  the  arterial  elasticily,  into  the 

ipiilary  syBtem.     When  the  arteries  have  become  partially  emptied, 

"^Biid  have  returned  to  their  previous  dimcnHioriK,  tlu-y  are  again  dia- 1 

tended  by  another  contrat-tioii  ol"  the  heart.     In  this  manner  a  succes-' 

sioii  of  expansions  is  produced,  which  can  be  felt  throughout  llie  body 

|wliei"ever    the    arterial    rami(icati(ms    penetrate.     This    pheuumenou  is 
kuuwn  by  the  name  of  thf  arterial  puL'H'. 
SJnee  each  arterial  exj^ansion  is  produced  by  a  vcnlricidar  systole, 
llie  pul-e,  as  ft'lt  in  any  su[ierfici:d  artery,  is    a  convenient  gnide  for 
Mcertaining  the  fre<}Hency  and  regnlarity  of  the  heart's  action.     The 
k&dial  artery  at   the  wrisl,  owing  to  its  easily  aeeessiblo   situation,  is 
Diainly  emj>U»yed  for  this  purpose.     Any  increase  or  diminution  in  the 
frequency  of  the  heart's  action  is  accompanied  by  a  eimilnr  change  in 
jthe  arterial  pulsations;  and  alterations  in  the  foieo  or  regularity  of  the 
irdiac  movemonta  are  also  indicatetl  by  corresponding  modilieaLious 
'o[  the  pulse  at  the  wrist. 

The  average  frequency  of  the  pulse  in  the  htunan  suTiject  is,  for  the 
ndult  male  in  a  state  of  quiescence,  It)  beats  i>er  minute.     This  rate 
may  be  more  or  leas  accelerated  by  any  muscular  exertion,     Kven  the 
dilferenee  of  muscular  effort  between  the  positions  of  fttandinj]^,  sitting, 
and  lyinjr  down,  will  make  a  normal  diHerence  in  the  pulse  of  from  8  to 
^^y  Ijcals  per  minute.     Age  has  a  viry  marked  infiueuce  on  the  rapidity 
^Mf  the  pulse;  it  being  found,  as  a  rule,  more  rapid  the  younger  the  aub- 
I      ject  of  obsen'ation.     According  to  Dr.  Car[ienter,  the  pulse   of  the 
^^ftttus,  before  birth,  ia  about  140,  and  that  of  the  newly-ljorn  infant  130. 
^■i)uring  the  first,  second,  and  third  years  it  gradually  falls  to  100;  by 
^■Mie  fourteenth  year  to  80 ;  and  is  only  reduced  to  the  adult  standard 
by  the  twenty -first  year.     At  every  ago,  mental  excitement  may  pro- 
luce  a  temporary  acceleration  of  the  pulse,  varying  in  degree  with  the 
eculiarities  of  the  individual. 

As  a  genei'al  rule,  the  r.-ijiidity  of  the  heart's  action  ia  in  inverse  ratio 
its  force;  that  is,  a  slow  pulse,  within  physiological  limil*,  is  a  strong 
jc;  a  rapid  pulse  is  a  feeble  one.  Tins  is  readily  noticeable  in  ex- 
?riments  upon  the  lower  animals,  where  the  force  of  the  heart's  action 
Buy  be  measured  by  the  arterial  imjndse;  and  where  an  increase  in  the 
luency  of  the  cardiac  pulsations  is  almost  invariably  accompanied 
by  a  diminution  in  their  strength.  The  same  thing  is  true  in  eases  of 
^in<;rea.sc<i  freqiieney  of  the  heart's  action  from  morbid  causes ;  the  pulae 
^■fe  febrile  or  chronic  affections  becoming  weaker  as  it  grows  more  rapid. 
^Hkn  excessive  rapidity  of  the  pulse  is  an  indication  of  great  danger; 
^^Dd>  in  the  adult  male,  a  continuous  pulse  of  ICO  per  uiiuute  is  almost 
invariably  a  fatal  symptom. 

liicreanpd  Curoature  of  the  Arteries  in  Puhntion. — When  the  blood 
is  driven  by  the  ventricnlar  systole  into  the  arteries,  these  vessels  are 
not  only    distended    laterally,  but  arc   elongated  as  weU  as  widened, 
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Itccoming  enlarged  in  every  clirt-ctum.  Especially 
ill  arteries  bnving  a  distiitctEy  fiirvc'«l  or  serpen- 
tine course,  this  elongation  and  increase  of  curvn- 
tiire  may  de  obsened  iit  tlie  time  of  taeh  pulsii- 
tion.  It  is  pcrct'ptiMi",  for  instance,  in  eniaciati-d 
]>crsons,  in  tlie  leiivpurnl  arter}-,  or  even  in  tlic  nu 
dial  at  the  -wrist,  autl  may  readily  be  seen  in  the 
mesenteric  arterit'S  in  the  abduruen  of  the  living 
auinia].  At  every  contraction  of  the  heart,  tlif 
curves  of  tiie  vessel  on  each  6i«le  become  more 
strongly  piononnoed.  In  the  case  of  the  radial  or 
other  artery,  running  over  a  bony  ((niCace,  the  vess 
may  even  pjirtiaJIy  rise  out  of  its  bed  at  each  ]uds»- 
tion.  In  old  persons  the  arlcritd  curvatures  become 
permanently  enlarged  from  frequent  distension;  and 
all  the  arlerit's  tenti  to  as&unie,  with  the  advance  of 
age,  a  more  serpenline  and  siiral  course. 
Time  of  (he  Arterial  Pulse. — Tlie  fehoek  of  an  arterial  pulsation,  as 
perceived  by  the  Hnger,  varies  a  little  in  time,  according  to  its  distance 
from  the  centre  of  the  circulation.  If  ve  ]»]:ice  one  finger  ui>on  the 
chest  over  llie  apex  of  the  htjart,  and  another  over  llie  carotid  artery  at 
the  middle  of  the  neck,  we  can  distinguish  little  or  no  dilierence  in  tirao 
between  the  two  im])ulses;  the  distenKion  of  the  carotid  being  senBihly 
simultaneous  with  tlie  heail's  contraction.  I5ut  if  the  second  finger  Iw 
])l;iced  upon  the  lemporal  artery,  inbtead  of  the  carotid,  there  is  a  per- 
ceptible interval  between  the  two  beats.  The  impulse  of  the  temporal 
artery  ia  felt  to  be  u  little  later  than  tliat  of  tlie  heart.  The  pulse  of  \\v 
radial  artery  at  the  wrist  also  appears  to  be  a  little  later  than  that  of 
tlie  carotid,  and  that  of  the  posterior  tibial  ^t  the  ankle  joint  a  little 
later  than  that  of  the  radial.  The  greater  the  distance  from  the  heart 
at  which  the  artery  is  examined,  the  later  is  the  pulsation  perceived  hy 
the  finger  lai<l  n|»on  the  vessel. 

IJiit  it  has  lieen  conclusively  shown  that  this  difference  in  time  of  the 
arterial  pulsatinns,  in  ililRrent  parts  of  the  body^  is  ndher  relative  than 
absohile.  Tlie  inipidse  is  communicated  at  the  same  instant  to  all  )>arta 
of  the  arterial  system  ;  but  the  apparent  difference  between  them,  in  thif 
respect,  depenilB  upon  the  fjiet,  thnt,  althcutgh  all  the  arteries  bf(jin  to 
be  rtiistende<l  at  the  same  moment,  yet  tliost'  nearest  the  heart  are  ex- 
panded suddenly,  while  for  those  at  ft<li9tance  the  distension  takes  place 
more  gradually.  The  im|udse  given  to  the  finger  marks  the  condition 
of  viaximum  dixtennian  of  tlie  veseel ;  and  this  condition  occurs  at  a 
later  pcriorl,  accoltling  to  (lie  (list.nncc  tiflhe  jirtery  from  tlie  heart. 

The  contraction  of  the  left  ventricle  is  a  brit*k  and  siuhlen  motion. 
The  blood  driven  into  the  arteiial  system,  meeting  with  a  certain  amount 
of  resistance  from  that  already  filling  the  vessels,  does  not  instantly 
displace  a  quantity  equal  to  its  own  mass,  hut  a  certain  prujiortion  of 
its  force  is  used  in  expanding  the  distensible  walla  of  the  veeeels.     In 
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the  immediate  ncighborhoodl,  therefore,  the  expansion  of  the  nrteries  is 
(uddea  nnd  momcutary,  like  the  coutraction  of  tlie  heart  itseIC  But 
til  is  expansion  requires  for  its  completion  a  ceitnin  I'xpemiitiire,  both 
of  forct'  and  time;  so  that  at  a  little  distance  larthor  on,  the  vessel  is 
dislendefl  neither  to  the  8.ime  dcgrt>e  nor  with  the  snme  rapidity.  At 
tlie  more  distant  }>oint  the  arteriiil  impulse  is  less  [jowxTful  und  arrives 
more  slonly  at  its  mnxitnuni. 

On  the  otlior  h:iiid,  viln  n  tlie  hcnrt  beeomrs  n'laxo<1,  the  nrtrrv  in  its 
Immediate  neighliorhooil  reacts  upon  the  blood  by  its  own  clusticit^' ; 
Hid  aa  it  meets  with  no  other  resistance  th:in  that  of  the  blood  in  the 
'Bm.'dlcr  vessels  beyond,  it  drives  a  poition  of  its  own  WikkI  into  thera, 
81x1  thus  supplies  to  those  vessels  a  certain  degree  of  di«nloii<ling  force 
even  in  the  intervals  of  the  heart's  action.  Thus  the  diirtTcnee  in  size 
of  the  e:irotid  arterj',  at  the  tno  periods  of  the  heart's  contraction  and 
relaxation,  is  very  marke^l;  for  the  degree  of  its  distension  is  great 
when  the  heart  contracts,  and  its  own  reaction  iiflcrwani  em])ties  it  of 
blood  to  a  considerable  extent.  Biil  in  tiie  Hinnll  Ihranches  of  the  radial 
or  the  ulnar  artery,  there  is  less  diijtc^nsion  at  the  time  of  the  cardiac 
iinpul>^  because  this  force  has  been  partly  expended  in  overcoming  the 
elasticity  of  the  larger  vessels;  and  there  is  less  emptying  of  the  vessel 
afterward,  because  it  is  still  kept  partially  Blled  by  the  reaction  of  the 
aorta  and  its  larger  branches. 

These  facts  have  been  iliustmted  by  Marey,'  by  attaching  to  tlie  pipe 
of  a  small  foix-ing  |>iimp,  workefl  by  alternate  strokes  of  the  piston,  a 
long  elastic  tube  ojHjn  at  its  farther  extremity-.  At  <liirci'ent  jwints 
u]X)n  this  tube  are  place<l  small  movable  levers,  which  are  raised  by  the 
distension  of  tlie  tube  whenever  water  ia  driven  into  it  by  the  forcing 
pump.  Each  lever  c;irries  upon  its  extn-mity  a  smuil  pencil,  which 
raArks  upon  a  strip  ol  paper,  moving  with  uniform  rapidity,  the  lines 
produced  by  its  alternate  elevation  and  depression.  By  these  curves 
l>oth  the  extent  and  rai)idity  of  ilistension  of  dilferent  parts  of  the  elastic 
tube  are  accurately  registered.    The  curves  thus  produced  are  as  follows : 


ncBTBH  or  PCL8ATIOM  IX   AN   ELASTIC  TuuK.  — 1.  NeAr  the  aisteDdlog  force 
2.  At  KdUtAooe  rrom  It.    a.  8U11  farrher  removed. 

From  these  experiments  it  is  shown  that  the  distension  prodacefl  by 
le  stroke  of  the  forcing  pump  begins  at  the  same  moment  throughout 


>  JouroAl  (Je  la  Phjaiulo^ie.     P*ris,  Avrii,  1869 
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the  entire  leiigtU  of  the  tube,  and  that  the  whole  time  of  n  pulsation  h 
Cverywht'rc  of  equal  diu-ation.  But  near  the  commoucemout  of  tlie  lube, 
the  expansion  is  vvklc  ancl  smldeji,  mu]  occHpies  uul^'  a.  eixth  pait  of  the 
entire  pulsation,  while  all  the  rest  is  tiiiicn  uji  by  ii  slow  reaction.  Ai 
more  remote  points  the  jieriod  of  expansion  bceoinca  longer  an<l  that  of 
cotlflpee  shorter ;  until  finally,  nt  a  eerttiin  riistinice,  the  amount  of  ex- 
pansion is  rcdiice<l  one-half,  and  at  the  same  time  the  two  periods  ure 
com|ilutely  equulizeti. 

Autumaiic  MffjiHtration  of  the  Arterial  Pulse i  the  Spht/ymograph. — 
The  frequencj-  and  characters  of  the  arterial  piilse  may  be  permanently 
recordcil  bj-  the  use  of  a  movable  lever  capable  of  registering  its  own 
oseillaLioiis,  and  eo  arranged  that  it  may  be  applied  to  any  of  the  Buper- 
ficial  arteries  in  tiie  living  bmly.  This  instrument,  which  was  first  made 
pracLieally  serviceable  by  the  improvements  of  Mare}-,  is  the  fpJtyijmij- 
graph.  It  consists  of  a  small  ivory  jiltite,  which  is  gently  pressed  upon 
thd  artery  by  means  of  a  ttiie  spring,  and  whicli  tlms  rises  and  falls  witii 
each  expansion  and  collapse  of  the  arterial  tube.  The  motion  of  the 
jilate  is  communieatetl  to  a  vertical  metallic  rod  touching  the  under  sur- 
face of  the  registering  lever  near  its  attached  exlreniity.  The  oscillating 
extremity  of  the  lever,  when  llie  instniment  is  in  opemtiim,  thns  follows 
the  movements  of  the  ivory  plate,  and  registers  faithfully  upon  the  strip 
of  paper,  the  frequency  and  form  of  the  arterial  pulsations. 

The  advantage  of  this  instrument  is,  first,  that  the  length  of  the  lever 
magnifies  to  the  eye  the  extent  of  the  arterial  oscillations,  and  thus 
enables  us  to  perceive  movements  too  delicate  to  be  distinguished  by 
tiie  touch  alone;  and,  secondly,  that,  each  part  of  a  pulsation  being 
permanently  registered  ujion  pni)er,  the  most  evanescent  changes  in  the 
lonn  of  ttte  artery  may  bo  afterward  studied  at  leisure  and  compared 
with  eacli  other. 

By  the  use  of  the  sphj-gmograpli  it  is  shown,  that,  while  there  is  n 
general  resemblance  in  the  fiirm  of  pulsation  of  different  arteries,  nearly 
every  vessel  to  which  the  instrument  can  be  applieil  presents  certain 
peeuliaritios  dejiendcnt  on  its  size,  position,  and  distance  from  the 
heart.     In  the  radial  artery  at  the  wrist,  each  pulsation  consists  of  a 

Fig.  112. 
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sudden  expansion  of  the  vessel,  indicated  by  a  rapid  upward  movement 
of  the  lever,  making,  in  the  trace,  a  straight,  nearly  vertical  line.  This 
is  followed  by  a  gradual  descent  corresponding  with  the  collapse  of  the 
artery,  until  it  reaches  the  lowest  point  <pf  the  trace,  when  the  move- 
ment of  ascension  again  takes  place,  and  so  on  alternately.  The  line 
of  descent,  however,  is  not  straight,  lik;}  that  of  ascension,  but  is  marked 
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by  one,  and  sometimes  by  two  or  even  three  Blight  undulations,  indi- 
cuting  a  corresponding  variation  in  thu  tension  of  the  artcty  iluring  iLm 
perioil  of  collapse. 

The  undulations  in  the  line  of  descent^  in  the  sphygiiiograph  tracing, 
are  due  to  an  OHcillntion  in  the  maan  of  the  bluud,  suhst-quent  to  the 
impulse  of  the  heart,  and  during  the  reaction  of  tUe  Jirttriul  system. 
Marey  has  shown,  Jjy  a  series  of  well-eonducLed  experiments,'  that 
similar  oscillatitms  aie  pnnluccd  when  any  incompressible  litjuid  is 
driven  by  a  suddi-n  imimlse  into  an  elastic  tiil)e;  and  ibat  they  are  indi- 
cated |jy  a  similar  movement  of  the  index  of  the  sphygmograpli.  When 
the  heart's  impulse  is  mo<lcratc,  and  the  tension  of  tlie  arterial  system 
fully  developed,  the  undulations  in  the  descending  line  of  the  pulse  are 
only  slightly  perc-eplible;  but  ivhen  the  heart's  impulse  is  more  rap)<l, 
and  the  arterial  tension  diminished,  the  undulations  become  more 
marked.  Marey  found  that  he  could  procure  upon  his  own  person 
traces  of  different  form,  in  this  rcs[icct,  by  simply  increasing  the  tem- 
perature of  the  body  by  the  addition  of  warmer  clothing.  The  following 
are  three  traces  of  the  radial  pulse  obtained  in  this  way,  by  increasing 
the  quantity  of  clotkiug  at  intervals  of  twenty  minutes. 

Fiff.  1 1 3. 


Fitr.  1 1 4. 


Fiff.  !lri. 


Variations  or  tub  K.\dial   Hulsa,  umlor  the  iDilueiico  of  InoreKsed  t4Mnpcriiture. 

(M.irry  ) 

Dicrotic  Pulse. — In  certain  conditions,  accompr»nicd  by  rapid  pulsa- 
tion of  the  hcArt  with  greatly  diminished  arterial  tension,  tlie  rolionnd 
or  oscillation  of  the  artery  becomes  so  marked,  in  jirriportion  to  the 
original  impulse,  that  it  is  easily  p<-rceived  by  the  finger,  and  thus  the 
pulse  is  apparently  reduplicated;  that  is,  there  are  two  pulsations  of 
the  artery  for  each  contrnction  of  the  heart,  namely,  one  due  to  the 
original  impulse,  and  anothcT  due  to  the  oscillation  of  the  blood  in  the 


'  Phy»iologic  M6dicale  de  la  Circulaliun  du  Sang.     Paris,  186.1,  p.  266. 
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feebly   distended  arter}*.     This   is  the   dicrotic   pulse,  which  Is  often' 
present  in  diseases  of  ft  tyfi'liijid  clisiraeter, 

KiK,  116. 


iJit  uoTic  PuLsB  or  Typhoid  Pn  kchon  i  a  .    (Mdrey.) 


Fipr.  in. 


v/WyVs/\^A/N.ArvA/>y\/xAA/i. 


Dit'EOTic   PirLBS  o»  TVfUOlD   FkvIsic      (Mart-y.) 

It  ia  evidftit  that  the  dicrotii;  eharneter  of  the  pulse  is  not,  in  reality, 
peculiar  to  diseased  conditions,  since  the  spliyginograph  shows  that 
exists  more  or  J^ihs  pcrCectly  in  n  f-tntv  of  hualtli ;  oid^-  it  is  too  slight 
in  degree  to  Imj  appreciated  bj'  I  he  linger. 

Koschlokoff'  has  Buccee<led  in  A'erifying  the  results  obtained  from 
the  sphy<rn>ograph,  and  in  dcnionslralino;  the  mechanism  oC  the  dicrotic 
pulse.  He  shows  that  if  a  liijidd  he  driv<.'n  l»y  a  rapid  impulse  through 
an  elastic  tube,  cfinnected  with  two  peparate  prcsairre  gauges,  one 
situated  near  the  point  of  entrance  of  the  liquid,  the  other  near  its  point 
of  exit,  the  lifpiitl  witl  rise  in  the  first  gauge  before  the  increased  p 
sure  reaches  the  second  ;  that  it  then  falln  while  the  second  is  risin 
and  again  rises  while  the  second  falls;  showing  an  alternate  increase 
and  diminution  of  pressure  in  the  two  extremities  of  the  elastic  tube. 
This  alternation  continues  until  the  pressure  is  equalized,  or  until  tli© 
tube  is  ugain  distended  by  a  new  impulse. 

Fuhalinfj  Moormrnf  ofifif  Jllood  in  Ifu^  Artrria!  Si/slem. — Oaring  t 
the  alternate  contraction  and  relaxation  of  the  heart,  the  blood  psissei 
through  the  arteries  in  a  series  of  imimlses ;  and  the  hemorrhage  from 
a  wouniled  artery  is  distinguished  from  venous  or  capillary  hemctrrhage 
by  the  fact  that  the  Mood  flows  in  successive  jets,  as  well  as  more 
rapidly  and  idtundantly.  If  a  slender  canula  1m'  introduced  through  ihi* 
walls  of  the  left  ventricle,  in  the  exposed  heart  of  a  living  animal,  the 
flow  of  blood  from  its  external  orifice  is  seen  to  he  completety  intermit- 
tent. A  strong  jet  takes  place  at  ench  ventricular  contraction,  and  ut  eae 
n-laxation  the  flow  is  interrupted.  If  a  puncture  be  made,  however,  i 
any  of  the  large  arteries  near  the  heart,  the  flow  of  blood  through  th 
opening  is  no  longer _interroii tent,  but  coniimious;  only  it  i.s  much 
stronger  at  the  time  of  tlie  ventricular  contraction,  and  diminishes, 
though  it  does  not  entirely  cease,  at  the  time  of  relaxation.  If  the 
blood  were  driven  throu<,'h  rigid   and  nuyieldin;^  tubes,  its  flow  wouM 

'  In  Lorain  Etades  de  M^decine  Cliniquc.     Paris,  1870,  p  76 
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1>e  ex'erywlicre  intermittent ;  nnd  it  would  be  tlolivereil  from  an  oriflee 
situated  at  any  point,  in  [XTleclIy  iutiLTiui|)ted  jt-ts.  IJut  the  arteries 
arc  yielding  and  elastic;  anil  this  elasticity  modeiutes  tbe  foree  ol'  tiie 
separate  arterial  ptilsntioiis,  and  partially  fuses  tliem  w  ith  eaeli  otlier. 

I  The  effect  of  this  iH  to  prodiiei-,  in  the  iaryer  and  medium-sized  arteries, 
a  movement  of  tbe  blood  which  is  iiicreawd  in  rapidity  and  volume  at 
«aoli  cardiac  impulse,  lUid  dinnnished  in  the  interval  of  relsixntion. 
Eqnalizativn  of  the  /il'>ijii-i  urrvnt  in  the  peripheral  pnrtu  of  thf 
Artt'rial  Symirtn. — It  has  alreafly  been  shown  that  the  distensilile  and 
elastic  pTO[iertie3  of  the  arterial  walla  have  the  effect  of  making  the  flow 
of  hloud  more  conliiiuouH  thiin  it  wouhl  lie  if  subjected  only  to  the 
intermitting  action  of  the  Iienrt.  A  part  of  the  force  of  each  cardiac 
pulsation  is  absorbed  for  the  lime  in  the  distension  of  the  artery;  and 
this  force  is  again  returned  in  the  form  of  an  impulse  to  the  blood  at 
the  followine  interval,  liy  the  clastic  reaction  nf  the  vessel.  The  farther 
from  the  heart  the  blood  i-ece^les,  t!ie  greater  becomes  the  inftiiciice  of 
'  the  Intervening  arteries  ;  and  thns  the  remittent  or  pulsating  character 
of  the  artf^rial  current,  which  is  stronply  pronounced  in  tbe  vicinity  of 
the  heart,  tjecomea  grndually  iliminished  diirinw  its  passage  through  the 
vessels,  until  in  the  smaller  arteries,  like  the  labials,  it  is  hardly  percep* 
,       tible  to  the  unuideil  eye. 

I  The  physical  infiuence  of  an  clastic  medium,  in  equalizing  the  force 

of  an    interrufited   current,  may  be  shown    by  f()rcing  water   frotu   a 

ksvringe  alleniately  thmugh  two  tubes, one  of  India  rubber, the  other  of 
Iftass  or  metal.  Whatever  be  the  length  of  the  inelastic  t«l«,  the  water 
tlirown  into  one  extremity  will  be  <leIivertHl  frnm  the  other  in  distinct 
Jets,  corresprmding  with  the  strokes  of  the  piston;  but  if  the  metallic 
tube  be  replaced  by  one  of  India  rubljer  of  siiflicicnt  length,  the  elas- 
ticity of  this  substance  merges  the  separate  im])ulse8  into  each  ottier, 
and  the  water  is  dischat^ed  from  the  farther  extremity  in  a  continuous 
stream. 

The  elasticity  of  the  arteries  never  entirely  equalizes  the  force  of  the 

^^^parate  pulsations,  since  a  pulsating  character  can  be  seen  in  the  flow 

^^)f  the  bIoi>d  throuiih  even  the  smallest  arteries,  if  exnmiut<l  under  the 

microscope  ;  but  this  pulsrttiu'^  chiinicter  diminislics  from  the  heart  oiit- 

tard,  nnd  the  current  lH>comes  much  more  continuous  in  the  smaller 
?ssel9  than  in  the  larger  arteries  or  in  those  of  medium  size. 
The  Arterial  Pretsnurf. — Tbe  arterial  circulation,  as  shown  hy  the 
nhove  facts,  is  not  an  entirely  simple  |>honnmcnon,  but  is  the  combined 
result  of  two  different  [ihysicnl  forces.  It  is  due,  first,  lo  the  intermit- 
ting action  of  the  heart,  by  which  the  bloofl  is  driven  in  snccessive  im- 
pulses from  within  outwartl ;  and,  secondly*,  to  the  elasticity  of  the  entire 
arterial  system,  by  which  it  is  subjected  to  a  continuous  pressure. 

If  any  one  of  tlse  larijer  or  medium  sized  arteries  be  divided,  in  the 
living  animal,  and  a  glass  tube  of  tbe  same  diameter  securely  fixed  in 
its  open  orifice  and  held  in  the  vertical  position,  the  blood  will  at  once 
se  in  the  tube  to  a  height  of  five  and  a  half  or  six  feet,  and  will  con- 


tinue  to  osdlkte  at  or  about  this  level.     'I'lie  height  of  the  column  of 
Uuid,  thus  8Uij(jorluil  ouUkJe  tlie  body,  iuilicates  the  degree  of  pree^ure 
to  wliieh  the   blood  is  Bubjfcted   in  the  interior  of  the  vessels.     'I'hia  ' 
pressure,  d(ie  to  the  reauiivii  of  the  entire  arterial  sj-Blem,  is  known  as 
tJie  arterial  prexiture. 

The  arterial  pressure  is  liest  iuea«ared  by  eonnecting  the  open  arterj', 
hy  a  flexible  tnbe,  with  a.  small  reservoir  of  mercury,  provided  with  a 
narrow  ujuight  ghiss  tube,  o|>en  at  its  upper  t'xtremity.  When  the 
mercury  in  Iho  receiver  is  exposed  to  the  pressure  of  the  arterial  bloo<i, 
it  rises  in  the  upright  tube  to  a  corresponding  height. 

This  pressure  aveiages,  in  the  dog  and  other  auimala  of  Bimilar  size, 
150  millimetres  of  uieruui-y. 

When  Hueh  wn  iiisjlrument  is  cannecte<.l  with  the  cnrotid  artery,  the 
level  of  the  mercury  in  the  upright  tube,  while  itidicatiiig  on  the  vbole 
nn  average  pressure,  exhibits  two  series  of  oscillations;  showing  that 
the  degree  of  the  blooti-pressure  is  eonstaiitly  c!iiingiug,  owing  to  iwo 
ditfen-nt  causes.  One  of  these  oscillations  is  Byuchrououa  with  the  mowtr- 
t)irn{8  of  rexjnradon.  At  every  inspiration,  the  level  of  the  mercury 
falls  somewiifit,  with  every  expiration  it  rises.  As  the  movement  of  in- 
Rpiraticm  consists  in  nn  expiinsion  (»f  the  cavity  oC  tiie  chest,  its  effect  is 
to  diminish  the  supjjurt  nHonltMl  the  heurtatid  great  bluml  vessels,  and  of 
course  to  lower  in  a  simitar  degree  the  tension  of  the  whole  arterial 
system.  At  the  moment  of  expir.ation,  on  tlie  other  hand,  the  thoracic 
pnrietos  rctunv  to  their  former  position, and  the  |)i'es8uro  upon  the  heart 
and  the  arteries  in  the  chest  is  re-cstabiished.  These  ch.inge8  are  imli- 
C'uted  by  corresponding  slow  fluctuations  in  the  arterial  pressure  and  in 
the  height  of  the  mercurial  column.  The  oscillations  of  the  mercury 
tlue  to  rcspinition,  iiowevcr,  nre  not  at  all  unilbrm,  but  vary  acconling 
to  the  comlilion  of  the  resi>irntory  movements.  When  respiration  ia 
active  and  somewhat  labureil,  the  oscillations  may  reach  the  extent  of 
3Q  millimetres;  when  it  is  very  quiet,  as  in  an  animal  deeply  etberizedf  < 
they  m.ny  diminish  ko  far  as  to  be  nearly  or  quite  imperceptible. 

The  other  series  of  oseillrttions  is  a  ni'ire  ci>n8tant  one  and  is  due  to 
the  t-ardiac  puhaliona.     It  consists  of  comparatively  rapid  undulations^ 
of  the  mercurial  column,  sirauUaneous  with  the  movements  of  the  heart.. 
At  every  contracti<m  of  the  ■ventricle,  the  mercury  rises  from  12  to  15- 
millimetres,  and  at  every  relaxation  it  falls  to  its  previfuis  level.     Thus^ 
the  instrument  becomes  f  measure,  not  only  for  the  constant  pressure  ^ 
of  the  arteries,  but  also  for  the  intermitting  pressure  of  the  heart;  and 
on  that  account  it  hns  nceivcd  the  n&mv  of  Xhe  cardiometfr.     It  is  seen, 
accordingly,  that  each  cimtraction  of  the  heart  is  superior  in  force   to 
the  resistance  of  the  arteries  by  nearly  one-tenth ;  and  the  ai"terial  system 
is,  therefore,  kept  filled  by  successive  enrdiac  ]uiJ8ation8,  and  the  arterial 
tension  maintained,  notwithstanding  that  the  I»lood  is  constantly  beings 
discharged  from  the  arteries  into  the  capillarv  circulation. 

Velocity  of  (hf  Arii-rial  Gurrenf. — The  rapi  lity  with  which  the  blood 
moves  In  the  arterial  tubes  i^  much  greater  t'.ian  in  any  other  part  of  thd 
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vascalar  system.  Its  exact  rate  varies  soineivLut  aceonling  to  tiie 
situation  of  the  vessel  ant!  the  |>eriod  of  tlie  pulsation.  Its  velocity  is 
greatest  in  tlie  immL'Oiate  iieiglilMjrliouil  of  tlie  tienrt,  and  dimiiiisbes  as 
tlie  blood  reoedes  froin  the  ut-ntiT  of  the  circulation.  TIil'  sitecessive 
division  of  the  aorta  ami  its  primary  braucbes  iiitu  amaller  aiid  Mnaller 
rnmificutioiis  increases  the  extent  of  surface  of  the  arterial  walls  with 
which  the  l)loo<l  conies  in  coiitait.  Tlie  adhesion  produced  li_v  this  con- 
tact, as  well  us  the  mechanical  obstacle  arising  from  the  frequent  division 
of  the  vesselH  and  the  .separation  of  tha  streams,  eoiitiiliutes  to  retard 
the  current,  which  aceordinyly  becomes  |)eiceptibiy  slower  in  the  email 
arteries  than  in  those  of  larger  nr  meiliuin  size.  In  the  smallest  arte- 
ries, as  examineil  by  the  microscope  jn  the  tiiui-sparent  tissiies,  the  par- 
tial adhebioi)  of  the  blood  to  the  vasculiU'  wall,  and  the  frreater  ra|ndity 
of  its  flow  in  the  axis  of  the  vessel  are  readily  perceptible.  'I'lie  con- 
sistency of  the  circulating  lluiil,  however,  and  the  sinootbne.>*3  of  the 
internal  surfnce  of  the  arteries,  nre  such  that  this  obatucle  to  the  move- 
ment of  the  blood  has  only  u  very  partial  influence  in  rel aiding  its  flow; 
and  even  in  the  smallest  arteries  it  is  so  rapid,  when  seen  under  the 
mieroscofie,  that  the  shape  of  the  separate  I *lootl-g lobules  cannot  be  dis- 
tinguished, but  only  a  riiingled  current  shooting  forwaid  with  increased 
vehxMty  at  e.ich  cardiac  pulsation. 

The  average  rapidity  of  the  blood  stream  in  the  larger  arteries,  in 
dogs,  horses,  and  calves,  was  determined  by  Volkinami,  as  31)  centi- 
metres per  second.  The  mi.»st  exact  experiments  on  this  point  are 
those  of  Chauveati.'  lie  experimented  by  introducing  into  the  carotid 
artery    of  the    liorse    a    brass 
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tulie  with  thin  walls,  about  Ave 
centimetres  long  and  eiglit 
or  nine  millimetres  in  di.nme- 
ter.  The  lube  was  introduced 
through  a  longituilinal  incision 
in  the  Walls  of  the  exposed 
vessel,  and  secured  in  position 
by  a  ligature  near  each  ex- 
tremity; 80  that  the  artcri:d 
current  would  |)ass,  withi>iit 
serious  obstruction,  ihroujih 
the  brass  tui>e  forming,  for  the 
time,  a  part  of  the  arterial 
walls.  In  the  side  of  the  ttjl;e 
was  a  small  opcninpr,  three 
roillimetres  lonif  by  one  and 
a  half  millimetre  wide,  closed 
by  an  elastic  membrane  pro- 
j)erly  secured  so  as  to  prevent  the  escape  of  the  bUjod.  Through  thai 
centre  of  the  elastic  membrane  there  was  passed  a  very  light  metallic 


Ohacvsau'b  InSTrnviiEirT,  for  mi'itiiirkn^ 
ther/i|>idlt)r  of  thexrterlnl  current.— •.  Brnii  tuh*, 
iDtriHluced  Info  the  rnlibrc  c»f  Hn»  mfrry  6.  Index- 
nee<llr  pasting  thr<iii);li  the  rlnitlc  niemhrane  In 
Ihe  ilil*  of  tlie  br«««  Uibf,  i^nd  moving  hj  the  Im- 
pulte  of  tha  blond-ciirreiit.  c.  Orndiiaird  acnle, 
Tnr  me^ourlng^  the  extent  of  the  OiClUatlai.a  ot 
the  ne<*dJe. 


'  JonrnnI  do  la  PhyRioiogie.  Parin,  Ociobre,  lfl60,  p.  R'Jh, 
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needle,  the  inner  extremity  of  whieli,  somewhat  flatlenetl  in  shape,  p 
jec'ted  into  tbe  interior  of  the  vessel,  ami  receive'!  the  iinpulae  of 
arterial  blood;  while  the  outer  portion,  prolonged  into  a  sleuder  inde; 
marked   iii«on  a  seraicircuhir  graduated  scale  the  oscillations  of  tl 
inner  extremity,  and  eodsequently  the  varying  mpidity  of  the  arteri 
c'orrent.     Tlje  iictiial  velocity,  indicate<I  by  anj*  given  oscillation  of  I; 
needle,  vas  ascertained  beforehtind  by  attaching  ilie  apparatus  to  hh 
elastic  tube  and  passing  through  it  a  stream  of  warm  \vat«r  of  Ituow 
rapidity. 

Chauveau  found,  by  these  experiments,  that  (he  details  of  the  circ 
latory  movement  ditter  8»^uiewliat  in  the  larger  arteries  near  the  he 
from  those  in  the  smaller  brandies  furtlier  remove<1. 

a.  In  the  carotid  artery,  at  the  instant  nf  the  systole  of  the  heart,  t 
blood  is  suddenly  [Hit  in  motion  with  a  high  degree  of  rapidity,  amoum 
ing  on  the  average  to  a  little  over  fifty  centitnctres  per  second. 

At  the  termination  of  the  systole,  and  imraefliately  liefore  the  closn 
of  the  aortic  valves,  the  movement  of  the  blof>d  decreases  considcrabl 
an<l  may  even,  for  the  time,  be  oomjiletely  arresterl. 

At  tiie  instant  of  closure  of  the  aortic  valves,  the  circulation  rec^iv 
a  new  imjuilse,  and  the  bloofl  again  moves  forward  with  a  velocity 
ratlier  more  thnii  20  centimetn^s  jht  aerond. 

Subsequently,  the  rapidity  of  tbe  current  diminishes  gnulually  during 
the  period  of  llie  heart's  inaction,  until,  at  the  end  of  this  period  ani 
just  before  a  new  systole,  it  is  reduced,  on  tlie  average,  to  15  ceu 
metres  per  pccoml, 

6.  Jn  the  smaller  arterial  brandies,  such  as  the  facial,  the  movement 
of  the  arterial  current  is  more  uniform.     It  is  less  rapid  at  the  moment 
of  tlie  heart's  systole;  and  on  the  other  hand,  it  is  always  more  acti 
during  tlie  i>eririd  of  ventriculnr  repose. 

Tlie  secondary  impulse,  foltowincr  the  closure  of  the  aortic  valves, 
much  1i-s!^  perceptible  than  in  the  larger  arteries,  and  may  even  be  altO' 
getber  absent. 


I 
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The  Tenons  Cironlation. 

The  veins  are  composed,  like  the  arteries,  of  throe  coats;  an  iimof 
inidflle,  and  exterior.  They  dilfer  fn-m  the  arteries  in  containing 
much  emnller  ijuantity  of  muscular  and  elastic  fibres,  and  a  larger  prn 
portion  of  condensed  connective  tissue.  They  are  consequently  more 
flstccid  and  compressible  than  the  arteries,  and  Ichs  elastic  and  contrac* 
tile.  They  are  furthermore  distiiiguishe<l,  throughout  the  limbs,  neck, 
and  external  portions  of  the  hea<i  and  trunk,  by  l>eing  provideti  with 
valves,  arranged  in  the  form  of  festoons,  and  so  placed  as  to  allow  the 
blood  to  pass  readily  from  the  periphery  toward  the  heart,  while  they 
prevent  its  retlux  in  the  opposite  direeti'in. 

Although  the  walls  of  the  veins  are  tbitmer  and  less  elastic  than  those 
of  the  arteries,  ye\  their  capacity  for  rvniflavr*'  to  pressure  is  efjunl.  or 
even  superior,  to  that  of  the  arteries.     Milne  Edwards  has  collected  tU 


TUK    VENOUS    CIRCULATION, 


841 


fesultH  of  various  cxpcriinctits,  ivhit-h  show  that  tin.-  veins  will  some- 

!      limes  resist  a  pressure  which  is  aulHcient  to  rupture  the  walls  of  the 

arteries.'      In  one  instance  tht- jugular  vein  siipporti-il,  without  breaking, 

a  preASUre  equal  tu  a  euluniii  of  water  148  feet  in  height ;  anil  in  aiui'lher, 

:      the  iliac  vein  of  n  sheep  reaiated  a  pressure  of  more  th:ui  four  atinoit- 

;      pheres.     The  portal  vein  was  found  capable  of  resisting  a  pressure  of 

six  atmospheres ;  and  in  one  case,  in  which  the  aorta  of  a  sheep  was 

(      rui»tnre<l  by  a  pressure  of  7-  kill^granlm^'s,  thf  vtiia  cava  of  the  same 

I      animal  supporteil  a  pressure  equal  to  SO  kilnijrauime!!!. 

This  property  of  the  veins  is  to  be  aUributod  to  the  abundance  of 
white  fibrous  tissue  in  their  composition;  the  snme  tissue  which  forms 
nearly  the  whole  of  the  tendou!*  and  fastiae,  and  which  is  disliuguished 
by  its  density  and  unyielding  nature. 

The  flottlicUy  of  the  veins,  on  the  other  hand,  is  much  less  than  that 
of  tiie  arteries.  When  filled  with  blood,  they  enlarge  to  a  certain  size; 
and  when  cut  across  and  emptied,  their  sides  simply  collapse  and  reuiaiu 
contact  with  each  other. 

Another  peculiarity  of  the  venous  system  consists  in  its  numerous 

tndt'pfndent  and  commtiuirating  channi^ls. 

I  Jn  injected  preparations,  two,  three,  or  more  veins  are  often  to  be 

^^^n  c<jming,  together,  fr(>m  the  same  region  of  the  body,  and  presenting 

^^wequcnt  transverse  communications.     The  deep  veins  «econipanying  tiie 

biachial  artery  inosculate  freely  with  each  other,  and  also  with  the 

suiK'rficial   veins  uf  the  arm.     In  the  veins  corning  fi*om  the  Lead,  tht 

external  jugulars  comintinicate  with  the   th^Toid  veins,  the  anterior 

jugular,  and  the  brachial  veins.     The  externjJ  and  internal  jugulars 

commaicate  with  each  other,  and  the  two  thyroid  veins  also  form  an 

abundant  plexus  in  front  of  the  tracliea. 

Thus  the  blo«Kt,  coming  from  the  extremities  toward  the  heart,  flows, 
not  in  a  single  channel,  but  in  several;  anil  as  these  channels  communi- 
cate freely  with  each  other,  the  blood  passes  most  abundantly  some- 
^^Kmes  through  one  of  them,  ami  sometimes  through  another. 

^V  Muuement  uf  Ihe  liliMjd  (hruujh  the  Venoim   St/Hit'in The  flow  of 

'  blood  through  the  veins  is  less  powerful  and  regular  than  tliat  through 
the  arteries.  It  depends  on  the  combined  action  of  three  dlflereut  physi- 
cal forces. 

L  The  most  constant  and  important  of  these  forces  is  the  prrsifure 
of  'he  blood  from  the  cajnllary  rirrulalion.  The  blood  moves  from  the 
arteries  into  and  through  the  capillary  vessels,  xmHer  an  impulse  derived 
originally  from  the  contractions  of  the  heart,  aufl  converted  hy  the  el.os- 

«jcity  of  the  arterial  walls  into  a  more  or  less  steady  fln<l  nidrorm  pres- 
^e.     This  pressure  is  not  entirely  exhausted  in  carrying  the  bloo<I 
hrough  the  narrow  channels  of  the  capillary  system ;  and  it  accord- 
ingly emerges  from  these  vessels  and  enters  the  c'lnimeneenu'tit  of  the 
8  with  a  certain  amount  of  force  sufflcient  to  611  the  venous  rootlets 


'  LcQonR  snt  la  Pliysiologie.     Paris,  1859,  tome  It.  p.  301. 
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and  to  pass  thence  into  the  larger  branches  and  trunks  of  the  v«fvoi 
system.  As  tlie  veins  converge  from  the  peiiijliery  toward  the  centre,' 
anii  unite  into  IpranrhfS  of  larger  culihre,  tlie  resistanee  allordod  b} 
cuntacl  of  tlie  cireutuLhig  flitiil  with  their  inner  surliices  cunnlantl 
diminishes  fruin  without  inward;  and  every  contraction  of  the  ri^l 
ventricle,  accouipiini^Ml  by  the  closure  of  tlie  tricusijid  valve,  expels  a 
certain  quantity  of  vcjioua  blood,  and  thu«  relieves  the  returning  current, 
from  the  obstacle  of  its  accumulation.  As  the  pressure  of  the  blooil 
from  the  capillaries  contijiues  uniform,  and  as  the  resistance  to  it 
iiicesaautly  neutraliztnl  bj'  the  ac^tion  of  the  right  ventriele,  it  form* 
the  moHt  simple  and  elfectivo  canse  for  the  movement  of  the  Uuod 
through  the  vinous  chaniuls. 

11.  The  flow  of  I  he  blood  through  the  veins  is  also  aided  in  great 
measure  by  the  vuttltaction  of  the  voluntary  muaclett.  The  veijjs  which 
convey  tliu  blood  thruu^h  the  limba,  and  the  piu'ietes  of  the  head  and 
trunk,  lie  anmng  voluntary  musekH  wbj<'ij  are  more  or  less  constantly 
in  a  state  of  idternate  contraction  and  reUixation.  At  every  contraction 
these  muscles  bei-nme  Bwollen  laternlly,  and  thus  compress  the  veins 
eituated  between  them.  The  bloo<l,  expelled  1ri)m  the  vtin  by  this  pres- 
sure,  cannot  reifiirjritate  toward  the  capilhuieH,  <;wing  to  the  venoi« 
valves,  which  shut  back  and  [irevent  its  reflux.  It  is  accordingly  forced 
onward  toward  the  heart ;  and  when  the  muscle  relaxes  and  the  vein  \t 
liberated  from  pressure,  it  is  again  filled  fiom  behind,  and  the  circul 
Lion  goes  im  aa  before. 


Fig.  119. 


Fig  120. 


4 


Vljw  with  vnlvt!*  yjii-'u. 


Veim  with  VAlvra  cloaeil ;  ptrcitm  of  blood 
pfinalng  otrby  K  Intpral  chlkDael. 


This  force  is  very  efficient  in  maintaining  the  venous  circulation ; 
since  thy  vulnntarv  mnsrles  are  more  or  less  active  in  every  p<isition  of 
the  body,  and  the  veins  are  thus  alternately  Hubjeeted  to  compression 
and  relaxation.  The  entire  voluntary  muscnlnr  system  acts  in  this  waj 
by  communicating  to  tlie  venous  current  indirect  impulses  of  frequt 
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repetition,  which,  coinbtue*:!  with  tiie  action  of  the  valves,  urge  tl»e  blood 
from  the  jicriphery  toward  the  heart. 

Ill  A  third  cause,  wliich  is  more  or  less  active  in  promoting  the 
movonaent  of  the  venous  blocKl,  is  the  force  of  at-inrat lun  exerted  l>y 
ihe  thorax.     When  Ibe  chest  expanils  hy  the  lifting  of  the  ribs  nnd  the 

^descent  of  the  din (>hrngin,  tlus  movement  teMds  to  iliiiiini.sh  the  pressjure 
Ipon  its  contents,  and  coiistquently  to  draw  into  the  tiiorauic  cavily  any 

'fluids  which  can  guiu  .'iccess  to  it.  The  ex])niiided  cavity  is  ]»riirelpally 
filleil  by  tliL-  utniospheric  air,  which  ])as8es  in  through  thi-  trachea  to  tiU 
the  bronchia!  tube*  aiul  the  pulmonary  vesicles,  lint  the  blood  in  the 
neighboring  parts  of  the  venoiis_systcm  is  solicited  at  the  same  time, 
though  to  a  less  degrpe,  in  a  similar  diroctitiu.  This  Curce  of  aspiration, 
like  the  respiratory  movements  th<'niselves,  is  gentle  ninl  uniform  in 
character.  Its  influence  extends  indirectly  througliout  the  venous  eys- 
lem,  each  expansion  of  llic  chest  causing  .in  increased  flow  of  blootl  from 
the  extra-  to  the  iritra-thoracic  veins,  while  the  furmer  are  tilled  up  from 
behind  as  fast  as  they  are  emptied  in  front. 

■    Jiapidily  of  Ihr-   Vfiwuis  Circulation^ — Willi  regard  to  the  velocity  of 

•the  venous  current,  no  direct  results  have  been  obtained  by  fxpenment. 
Owing  to  the  flaccidify  of  the  veins,  and  the  n-adiness  with  Hhich  the 
fliiw  of  blood  through  ihera  is  disturbetl,  it  in  not  possil^le  to  determine 
thi8  puiut,  in  tlie  saiue  manner  as  it  has  been  ileterrained  for  the  rirti-nes. 
'i'he  only  calculation  which  has  been  made  in  this  res|vect  is  based  upon 
a  comparison  of  the  total  capacity  of  the  arterial  and  venous  systems. 
.\s  the  same  Uhioit  whicli  passes  outward  through  tlie  arteries  returns 
inward  through  tlic  veins,  the  rapidity  of  its  flow  in  each  direction  must 
be  in  inverse  ])roj)ortion  to  the  capacity  of  tlie  two  systems.  The  ca- 
pacity of  tlie  entire  venous  system,  when  distended  by  injection,  is  about 
twice  as  great  as  that  of  the  entire  arterial  system.  Puriiig  life,  how- 
rer,  the  venous  system  is  at  no  time  so  completel}'  filled  with  hlood  as 
18  the  case  with  the  arteries;  and,  making  allowance  t>r  this  (litference, 

I't  maj'  l50  estimated  that  the  entire  quantity  of  venous  blood  is  to  the 
mtire  quantity  of  arterial  hloo<l  neatly  as  tljree  to  two.     The  velojyty 
>f  the  venous  blood,  as  eumpared  with  that  of  the  arterial,  is  therefore 
\a  two  to  three  ;  and  if  we  reg.ard  the  average  rajiidity  of  the  arterial 
current,  according  to  Volkniann's  experiments,  as  30  j;en timet  res  per 
second,  this  would  give  the  movement  of  bh)od   in   the  large  v<iins  aa , 
about  ^(/  -Centimetres   per  second.     This  calculation,  however,  is  alto-' 
^■kother   an   approximative   one ;    since    the  venous   circulation   varies^ 
^Kccording  to  many  diflerent  circumstarices,  in  different  parts  of  the 
^■tody.     It  may  nevertheless  be  considered  as  expressing  with  siifllcient 
^Mccuracy  tlie  general  relative  velocity  of  the  arterial  and  venous  curreuta 
^■n  corres|>ondiug  parts  of  their  course. 

^m  The  Capillary  Cironlation. 

^P    The  capillary  bloodvessels  are  minute  inosculating  tubes,  which  pen- 

meate  the  vascular  organs  in  various  directions,  and  bring  the  blood  into 
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indirect  contnct  with  tlie  Bnlistance  of  the  tissues.     They  are  continuoui 

with  the  terminal  ramifications  of  the  arteries  on  the  one  hati<1,aJ)d  wit 
the  coinmciuniifr  rootlets  of  the  vt'ins  oil  the  other.  They  vary  somo> 
wliat  in  size  iti  tiit-  tUtl'er»-iit  organs  ami  tissues,  tlu-ir  average  diameter 
in  the  human  Huljet't  l>eing  about  10  nimni.,  or  jin,  ol'a  milliiuetre.  The 
largest  eupilluries,  ueeordiug  to  KoUiher,  lu  thf  glauds  mid  the  osseous 
tissue,  may  reach  the  diamutcr  t>f  16  miiim.;  while  tlie  smallest,  in  tli 
lOUscleB,  the  tuiD:es,  and  tin*  relijia,  are  4. a  tnniTii  ,  that  is,  ulmost  exaetly 
thejj^'  of  the  ^malkAt  of  the  rgji^oJuilt'S  of  the  blooiK  ' 

As  the  arterial  raniitieations  appiouL-h  the  eontiiies  of  the  eapillaiy; 
system  they  (liininish  gradually  in  size,  and  lose  first  their  external 
coat  of  eonneetive  tissue.  Their  middle  coat  at  the  same  time  l)ecome8 
reilueed  to  a  single  layer  of  fusiform  musenlar  fibres,  which  l>ecome 
in  turn  less  numerous,  and  histly  disappear  altogether.  The  vascular 
canal  is  thus  finally  composed  only  of  a  siugle  tuiiiu  continuous  wilU 
the  internal  coat  of  the  arterial  ramifleatitjiis. 

The  capillary  ijlood vessel,  exianined  in  its  recent  condition,  as  ex- 
tracted ^rom  an}-  soft  vascular  tidsue,  nppears  to  cunsist  of  a  simple, 

nearly  humogeneoua  tubular  mem- 
brane, proviileil  with  flatteneil  oval 
nuck-i  placed  at  more  or  less  regular 
tliKtaneeH  from  each  other,  and  pro- 
jecting slightly  into  the  cavity  of  the 
vessel. 

It  has  been  found,  however,  that  i 
n  eapillaiv  bloodvessel  be  treated  with 
a  Weak  solution  of  silver  nitrate,  its 
inner  surface  l>eeomes  marke^I  otf  into 
regular  spaces,  eneh  of  which  includes 
a  nneleiis;  indicating  that  its  ap])a- 
rently  liomogeneous  tunic  is  com- 
posed of  tlattened  epithelium-like 
cells,  united  with  each  other  at  their 
adjacent  edges  by  an  intervening 
cement.  It  is  this  thin  lajer  of  in- 
tervening substance  which  becomes 
darkened  by  the  action  of  the  silver 
nitrate  and  thus  brings  into  view  the  outlines  of  the  cells  forming  the 
vascular  wall. 

The  form  of  the  cills  constituting  the  vaseulor  membrane  varies  in 
different  regions  and  in  capillaries  of  different  calibre.  According  to 
Kolliker,  in  the  siriajlest  capillary  bloo<lvessels,  measuring  from  4.5 
to  7  mmm.  in  diameter,  the  eell.s  are  narrow,  elojigated,  and  fuailurm, 
as  in  Fig.  122;  often  curled  from  side  to  side,  so  as  tQ  form  each  a 
half  ejiinder,  two  of  them  joining  at  their  edges  to  complete  the 
capillary  tuive,  and  alteniating  longitudinally,  the  pointed  extremity  of 
one  cell  l.)eing  intercalated  between  those  of  the  two  following  cells.     Ia| 


Small  Ahtiihy,  with  Ita  aiusvuUr 
tunic  la)  brpAklni;  up  luto  oii|>nUrlei. 
Krom  tli«  pia  maler. 
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the  larger  capUlark's,  of  8  to  13  lumm.  in  diameter,  where  tho  calibre  of 
the  vessel  is  Burrounile<l  by  tfiree  or  four  cells  placed  side  by  side,  they 
nre  shorter  aiKl  wider  in  form,  like  those  of  ordinary  pavement  epithe- 
lium.    The  orraugemeut  of  these  microscopic  forms  in  the  wail  of  the 

Fig.  122. 


OAVfLLAXr  BLOooTifsii.,  trcm  the  tall  of  th«  tiidp«l«;  tliawlaK  the  oatllne*  of 
Its  epltheUum-Uke  c«lla,  readered  vUlble  by  the  aotiuu  of  tUvet  nitrate.    (KOlJlker.) 


capillary  bloodvessels  lia«i  given  rise  to  the  opinion,  entcrt.nined  by  some 
liistologists,  that  the  va.seular  system  is  to  be  reganled  as  a  series  of 
intercellulnr  canals,  provided,  in  different  regions,  with  varying  addi- 
tional layei-s  of  muscular,  elnstic,  and  connective  tissue. 

The  capillary  I'loodvessels  are  further  (Ustingnished  from  both  arteries 
and  veins  Ity  their  freriuent  inosculation.     The  arteries  constantly  divide 
and  snbdivirle,  as  they  pass  from  wttliin   outwaid,  while  the  veins  as 
constantly  unite  with  eaeh   other,  to  furra   larger  and   less  numerous 
branchea  and  trunks,  as  they  converge  from  the  periphery  toward  tlie 
centre;  and  although  the  arteries  always  present  inosculations  in  certain 
regions,  and  the  veins  more  frequently  still,  this  feature  is,  nevertheless^  > 
a  secondary  or  ineiilental  one  in  both  vascular  systems.     The  arleries^ 
are  essentially  diverging  tubes  to  distribute  the  blood  from  within  out-    I 
ward;  the  wins  are  converging  channels  to  collect  and  transport  it  from/ 
without  inward. 

The  capillaries,  on  the  other  hand,  are  mainly  characterized  by  their 
constant  and  repeated  intercommunication.  They  are  vascular  canals 
which  penetrate  the  solid  organs  and  tissues,  muting  with  each  other  at 
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Oapillabt    rLBtrw,  from  the  vreb  of  the 
frog'*  foot. 


Bliort  intervals,  in  siicli  a  manner  as  to  form  au  interlacing  network  or 
plexuH  of  minute  bloodvessels,  known  as  tbe  capillanf  plexus.     The 

vesseU  forming  this  plexus  vary 
^'^'-  ^-'^  somewhat    in    ^,   abundance, 

and  arrangement  in  (lilferunt 
piu-ta  of  the  body.  Jn  every 
vascular  organ  an<l  tissue  there 
arc  certain  spaces  or  inlets,  in- 
elose<l  on  all  sides  by  rapiils- 
ries,  but  into  tlie  inU^rior  of 
l^hieh  these  vessels  do  not  pene- 
trate. Stieh  islets  or  intervas- 
cular  s|>fices  must  therefore  ol)- 
tnin  thrir  nourislnneiit  by  the 
exudation  and  nhs^irption  of  the 
fluid  inpredieiit'*  of  the  blood 
through  the  capillary  walls  and 
the  subsiauce  of  the  intervening 
tissue. 

The    special    flrranpement  of 

/the  capillary  bloiwlvesselH,  and  the  form  and  size  of  the  meshes  of  their 

I  Ijetwork,  are,  in  {jeneral,  cliaracteristic  of  eaeli  separate  organ  or  tissue.  . 

/Nn  the  mnRcles,  the  niesiies  are  in  tlie  form  of  b>n«i  parallelograms,  cor-^ 

responding  with  that  of  the  muscular  fibres;  in  the  miu-oiis  membranes 

of  the  stomach  and  large  intestine,  they  are  hexagonal,  or  iiregularly 

cireular,  inclosing  the  oriilei'S  of  the  secretins  follicles;  in  the  papilla; 

of  the  tongue  and  skin,  and  in  the  phiceulal  tnils,  the  capillaries  form 

twisted  vascular  loops;  in  the  glomeruli  of  the  kidneys,  convolute<l| 

coils;  in  the  connective  tissue,  irregularly  shnpefl  figures,  correspond 

ing  in  direction  witli  the  fibrous  bundles  of  the  tissue. 

Tlie  capillary  bloodves.sels  are  the  most  abundant,  and  interlaced  in 
the  finest  network,  in  those  organs  to  w^hiih  the  blowl  is  distributed  for 
other  puriK>se8  than  for  local  nutrition ;  as  for  that  of  ft^rot[on,  secre- 
tion, or  aljsor;>tion.  One  of  the  eltisest  of  all  the  capillary  networks  1^ 
that  of  the  Umg'^?  '"  which  the  diameler  of  the  spjiees  separating  the 
bloodvessels,  in  the  walN  of  the  pnlmon)iry  vesicles,  is  sometimes  a  little^ 
gi-euler  and  sometimes  n  little  less  than  tliat  of  the  capillaries  them- 
selves. In  the  glandular  tissue  of  the  liver,  the  spact's  separating  the 
adjacent  vessels  jirc  only  a  little  wider  tlinn  the  capillaries  forming  the 
intra-hibular  network.  In  the  nerves,  the  serous  membranes,  and  the 
tendons,  on  the  other  hand,  the  capillary  vessels  are  less  closely  inter- 
woven ;  and  in  the  adijMJse  tissue  they  form  wide,  0|>en  meslies,  em- 
bracing the  exterior  of  the  separate  fat  vesiele.s. 

Mijy^fmfnt  of  the  Blood  in  (he  Capittan/  Vctst'ln The  motion  of  the 

blootl  in  the  capillaries  may  be  studied  by  examining,  under  the  micnj- 
scope,  any  transparent  tissue  of  a  sufflcient  degree  of  vascularity.  The 
frog  is  the  most  convenient  animal  fur  this  purpose,  owing  to  the  readj- 
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uess  with  which  the  circulation  may  be  maintained  even  in  the  internal 
rj^ans,  ejcposed  at  ordiiiury  teiiipcrutures.  Jn  order  to  secure  inimo- 
Jility,  tile  lut'dullii  ohlcjiiitata  tiiny  lirst  be  brukt-'n  up  l»y  a  strong  nt^lle 
intro<iuced  thrutijih  tlie  franiuui,  or  the  vohiutary  niiisck's  may  he  para- 
lyzed by  the  subiutaiiL'Oua  ijijection  of  bIx  drops  of  a  filtered  watery 
solution  of  woorara,  made  in  thu  |)rai>urtion  of  one  part  to  live  hiuidred. 
'I'lic  whole  body,  with  the  exc(.]>l.ion  of  tlie  part  used  for  observation, 
shoidd  l>e  enveloped  in  a  liuhl  linen  or  cottnii  bandage,  kopt  moistened 

^to  prevent  desicejitiiin  of  the  >*urfaee.     The  tongue,  or  the  web  of  one 

^■bot,  may  be  Htretched  over  a  glass  side,  and  placed  under  tite  lens  of 

^Hlie  inslrument.     To  examine  the   pidmunnry  eircniAtinn,  an  0]>ening 

^phuuhi  be  mn«le  in  one  side  just  Inbind  the  auteriur  limb,  and  tlie 
Inng  moderately  uidatcd  through  the  glnttts,  until  it  protiudi-e  throu«,di 
the  external  wniuid.  For  tlje  mesenteric  eitculation,  an  incision  shouM 
1k>  made  in  the  lelt  flunk  of  a  malt;  frog,  a  loop  of  intestine  carelnlly 
drawn  out  of  the  abilonn  ii,  nnd  tlie  mesentrrv  idlowrd  to  rest  upon  a 
circular  glass  plate,  12  njilliiuetri's  in  di.-uueter,  and  6  millimetres  in 
thickness,  cemented  upon  a  large  glass  plate,  by  which  the  bmly  of  thu 
anim:d  is  euiyported.  Under  favorable  eirciimstances  the  eireidatiL^n 
■will  go  fin  in  either  nf  these  org;ui8  for  several  hours. 

When  Uie  circuhiliun  is  ex.iitiined  in  this  miinner,  the  smnJler  nrte- 
ries,  the  capillary  vessels,  and  the  tiiiuute  veins  are  often  visible  under 
the  microscope   in  the  same 

region.      The   blood   can    be  ^'F-  ^-b 

st-eu  entering  the  field  by 
le  smaller  arteries,  shooting 
throngh  them  with  great  ra- 
pi<litv  In  sueeeshive  impulses, 
ami  llt>wjng  oil"  by  the  veins 
at  a  somewhat  slower  rate. 
In  the  capillnriefl,  the  eircula- 

■Mion  is  considerably  less  rapid 

^^Hian  in  either  the  arteries  or 

^Hbe  veins.     It  is  also  |ierfectly 

^^teady  and  uninterrupted  in 
its  flow.  The  blood  moves 
thrDiijih  its  vascidar  channels 
in  a  uniform  current,  without 
their  exhibiting  any  appear- 

^nnce  of  contraction  or  dilnta- 

^Ibon.     Another  marked  peculiarity  of  tiie  capillary  circulation  is  that 
it  has  no  definite  direction.     It>*  numerous  streams  pass  inditferently 
>ve  and  below  each  other,  at  right  angles  to  each  other's  course,  or 
?en  in  opposite  directions;  so  that  the  blood,  while  in  the  capillaries, 
Ircnlates  everywhere  among  the  tissues,  in  such  a  nianuer  as  to  be 
Bstributed  to  all  parts  of  their  substance. 
The  motion  of  the  red  anfl  white  globules  is  also  peculiar,  and  shows 


Capillary  Ciucl'I.a'i  ium  in  web  of  frog'i  foot. 


distinctly  tlte  fliffercnce  in  tbeir  physical  properties.  In  the  larger 
sels  the  red  globulus  are  cari'iod  aloug  in  elose  column,  in  the  centwl 
part  of  the  fetrt-am;  "nliilw  ntar  the  etlyes  of  the  vessel  there  is  a  tran*- 
parent  space  occupied  only  by  clear  plasnm,  in  which  no  red  globules 
are  to  be  seen.  In  the  smaller  vesaela  the  globules  pass  two  by  two,  or 
follow  each  other  in  single  tile.  The  flexibility  and  semi-fluid  consist- 
eucy  of  the  red  globules  arc  ver>'  ajiparcnt  from  the  readiness  with 
wtiich  they  become  folded  u|>,  bent  or  twisted,  ami  with  which  they 
glide  through  minute  branches  of  communication,  smaller  in  diameter 
than  themselves.  The  white  globules,  on  the  other  hand,  move  more 
slowly  through  the  vessels.  They  drag  nloug  the  external  portions  of 
the  current,  and  are  sometimes  temporarily  arrested,  adhering  for  a  few 
seconds  to  the  internal  surface  of  the  vessel.  Whenever  the  current  isA 
obstructed  or  retarded,  the  w  lute  globules  accumulate  in  the  atfected  y 
portion,  and  become  more  numerotis  there  in  ]iroparti;on  to  the  red.     -^ 

It  is  during  the  ciijiillary  circulation  that  the  blood  serves  for  the 
nutrition  of  the  vascular  organs.  Its  fluid  portions  transude  through 
the  walls  of  tlie  vessels,  and  are  absorbed  by  the  tissues  in  the  propor- 
tions requisite  for  their  nourishment,  or  fur  the  pio<lucts  of  secretion; 
while  its  allyimiiious  ingredients  are  also  tninsCormed  intoncwjnatej^als, 
characteristic  of  the  dillcreut  tissues  and  fluids,  lu  this  way  are  pro- 
duced the  myosine  of  the  muscles,  the  collagen  of  the  bones,  tendons, 
and  ligaments,  t!ie  ptyalinc  of  the  s;diva,  and  the  pepsine  of  the  gastric 
Juice  ;  and  in  the  lungs,  the  exchange  of  oxygeu  and  carbonic  acid  takes 
place  in  tiie  capillary  vessels.  The  blood  in  the  ca]iillarv  circulation 
thus  furnishes,  directly  or  indirectly,  the  materials  of  nutrition  for  the 
entile  body. 

Physical  Cause  of  (he  Cofnllary  CirctffaliotK — The  physical  condi- 
tions which  influence  the  movement  of  the  blood  in  the  capillaries  are 
somewhat  different  from  those  of  the  arterial  and  venous  circulations. 
By  the  successive  division  of  the  arteries  from  the  heart  outward,  the 
movement  of  pulsation  is  to  a  great  extent  equalized  in  the  smaller 
arterial  branches.  But  as  these  vessels  reacli  the  eunflnea  of  the  capillary 
system,  they  suddenly  break  u]i  into  a  tenninal  ramilieation  of  still 
smaller  and  more  numerous  vessels,  and  so  lose  tlictiiselves  at  last  in 
the  ciipillfiry  network.  I5y  this  final  increase  of  the  vascular  surface, 
the  equa!izatit;n  of  the  heart's  action  is  completed.  There  is  no  longer 
any  pulsating  character  in  the  force  which  acts  upon  the  circulating 
fluid;  and  the  blood  moves  through  the  capillary  vessels  under  a  con- 
tinuous and  nnifuim  |)res8ure. 

This  pressure  is  sutBcient  to  cnuse  the  blood  to  pass  with  considerable 
rapidity  through  the  capillary  plexus,  into  the  commencement  of  the 
veins.  This  fact  was  first  demonstrated  by  Sliarpey,'  who  employetl  an 
iitjecting  syringe  with  a  double  nozzle,  one  extremity  of  which  was  con* 

'  Todd  and  Bowman,  Physiologic *!  Anatomy  and  Phyeiology  of  Man,  vol.  ii, 
p.  350. 
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^ectod  with  a  mercurial  gauge^  \rliile  the  other  was  inserted  into  the 

rtcry  of  a  recently  killled  animal.     When  the  syringe,  filled  with  deli- 

irijiated  hlood,  was  fixed  in  this  }>ositii>n,  the  doflbriuatud  blo<yl  would 

press  with  t'cjiial  foix'c  upon  thi;  inerfui  y  in  the  gaug;e  ami  u])oii  the  fluid 

in  the  Idoodvessels ;  and  thus  the  height  of  the  nicTcu»i:il  column  indi- 

I       cated  the  amount  of  j)ressuie  rcquireil  to  force  the  dL-iibrinated  blood 

I       through  the  capillaries  of  the  aniuial,  anri  to  make  it  return  by  the  cor- 

^■tesponding  vein.     In  this  way  I'rof.  Sharpey  fonnd  that,  when  the  free 

^^kid  of  tlie  injecting  tube  was  attaeheil  lo  the  mesenterie  artery  of  the 

^^■ug,  a  pressure  of  90  millimetres  of  mercury  caused  the  blood  to  pass 

^^rhrough  the  capillaries  of  the  intestine  and  of  the  liver;  and  that  under 

a  pi-essure  of  I'M  iniliitnt'tri'S,  it  flowed  in  a  full  stream  from  the  divitletl 

extremity  of  the  vena  cava. 

j  We  have  obtained  similar  results  by  experimenting  upon  the  vessels 

of  the  lower  extremity.     A  full  grown  healthy  dog  was  kille<l,  and  one 

I       of  the  lower  extremitieg  inimo<liately  injected  with  defibriuated  blooil, 

^liy  the  femoral  artery,  in  order  to  prevent  coagulation  in  the  smaller 

^^■essels.     A  syringe  with  a  double  flexible  nozzle  was  then  fllled  with 

^^lefibrinatetl  blood,  and  one  extremity  of  its  injecting  tube  attached  to 

the  ft-moral  artery,  the  other  to  the  moutJipieee  of  a  cardiometer.     By 

'       making  the  inject i(in,  it  was  then  fbuml  that  the  defibriuate<j  blotKl  was 

^^^turned  from  the  femoral  vein  in  a  continuous  stream  under  a  |)re88ure 

^Hf  120  millimetres,  and  that  it  was  discharged  very  freely  under  a  pres- 

^Hnre  of  l::SO  mitlttnetres. 

^V  J^ince  the  arterial  ju-essurc  npon  the  blood  during  life  is  equal  to  150 
,  inillimetrea  of  mercury^  it  is  evident  that  this  pressure  ia  sufficient  to 
l^^ropel  the  blood  through  the  capillar}'  circulation. 

^y   Furthermore,  the  blowl  is  not  altogether  relieved  from  the  influence 
'      of  elasticity,  after  leaving  the  arteries.     For  the  capillaries  themselves 
Jiiive  a  certain  degree  of  elasticity,  and  are  surrounded,  in  addition,  by 
I      the  tissues  of  the  organs  Tn  which  they  are  distributcfl ;  many  of  whicht 
j      such  as  the  lungs,  spleen,  skin,  Johulated  glands,  and  mucous  membranes, 
contain  elastic  fibres  more  or  less  abundantly  disseminated  through  their 
substance.     The  effect  of  thin  physical  ]ir(>pcrty,  in  the  vessels  and  the 
^^Aeighhoriug  parts,  may  be  exhibited  in  artificial  injections  of  one  of  the 
^■Dwer  limbs  througli   the  femoral   artery*,  or  of  the  liver  through  the 
"^portal   vein.     If,  while  the  parts  are  distended  by  the  fluid  passing 
through  their  vessels,  the  injecting  force  l>e  suddenly  arrested,  the  move- 
ment of  the  current  does  not  at  once  cease,  but  the  fluid  of  Injection 
continues  to  escape  for  several  seconds  from  the  femoral  or  hepatic  vein, 
owing  to  the  continuous  pressure  exerted  from  behind.     The  elasticity 
of  the  surrounding  tissues,  therefore,  6up[)lements  that  of  the  minute 
bloodvessels,  and  aids  in  producing  a  uniform  movement  of  the  capillarj 
circulation. 

Veloi'ily  of  the  Blood  in  the  Capillary  Venxch. — The  motion  of  the 
blood  in  the  capillary  vessels  is  much  less  rapid  than  in  either  the 
arteries  or  the  veins.     It  may  be  measured,  with  a  tolerable  approach 
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to  accuracy,  during  tlic  microscopic  examinntion  of  transparent  and 
vascular  tissues.  The  results  obtained  in  this  way  by  dillerent  obscrvera 
(Valentin,  Weber,  an<l  Volkmaun),  nbow  tbat  the  rate  of  movement  of 
the  biood  thiouf^h  the  t'a[iill:iries  is  rather  leas  than  oue  millitiietre  per 
second ;  or  about  5  ceutimettcs  per  minute.  Since  tlie  rapidity  of  the 
current  must  be  in  inverse  ratio  to  the  entire  calibre  of  the  ^'easels 
through  which  it  moves,  it  appears  that  the  united  calibre  of  ail  the 
c»|iillurie3  must  be  not  less  than  3JI0^  times  greater  than  that  of  the 
a,£terie8-  It  does  not  follow  from  thia,  however,  that  the  whole  quantity 
of  blood  contained  in  the  capillaries  at  any  one  time  is  so  much  greater 
than  that  in  the  arteries  ;  since,  althouuh  the  united  caltbre  of  the  capil- 
laries is  large,  tlieir  length  is  very  small.  The  elfect  of  the  anatomical 
structure  of  the  capillary  system  is  to  disseminate  a  comparatively  small 
quantity  of  blood  over  a  very  large  space,  so  that  the  phj-siological 
reactions  necessary  to  nutrition  take  place  with  [iromptitude  and  energy. 
Although  the  rate  of  movement  of  tlie  biotvd  in  these  vessels,  aceonlingly, 
is  a  slow  one,  yet  as  the  distance  to  be  pa88e<l  over  betwetu  the  arteries 
and  veins  is  very  small,  the  blood  reqidres  but  a  short  time  to  traverse 
the  capillary  system,  and  to  commence  its  returning  passage  by  the  veins. 

General  Rapidity  of  the  Circulation. 

The  rapidity  with  which  the  blood  passes  through  the  eiUire  round 
of  the  cirvxiiation  has  In-en  demonstrated  by  Ilering,  Poisseuille,  Mat- 
teucei,  anil  Vierordt  in  the  fallowing  manner:  A  solution  of  potassium 
ferrocyaiiide  was  injected  into  tlie  Hi^ht  jugular  vein  of  a  horse,  at  the 
same  time  that  a  ligature  was  ]»laccd  upnn  the  corresponding  vein  on 
the  left  side,  and  an  opening  made  in  it  above  the  ligature.  The  lilood 
flowing  from  the  left  jugular  vein  was  then  reeeived  in  Bei)arate  vessels, 
which  were  clianged  every  five  seconcJs,  and  the  contents  afterward  ex- 
amined. It  was  tlius  found  that  tlie  blood  drawn  from  the  first  to  the 
twentieth  second  contained  no  traces  of  the  ferrcn-yanide;  but  that  whieli 
c^cajK-d  from  the  vein  at  the  end  of  from  twenty  ti>  twenty-five  seconds, 
shitwcd  nnmistakable  eviiknce  of  the  [in'seneo  of  tlie  foreign  salt.  The 
potassium  ferrocyanide  must,  therefore,  during  this  lime,  have  passed 
from  the  point  of  injection  to  the  right  side  of  the  heaii,  thence  tfi  the 
lungs  and  tlirongh  the  pulmonary  einndation,  to  the  left  side  of  the 
heart  by  the  pubnonary  veins,  outward  by  the  arteries  to  the  capillary 
circulation  of  the  head  and  neck,  and  must  have  again  coraraenuod  its 
downward  passage  to  the  heart  by  the  opposite  jugular  vein. 

By  extending  these  observations,  it  was  found  that  the  duration  of 
the  circulatory  movement  varies  to  some  extent  in  difl'erent  species  of 
animals ;  being,  as  a  general  rule  longer  in  those  of  larger  size.  The 
main  result,  as  given  by  Milne  Edwards,'  is  as  follows: 


I 


*  LeQona  but  la  Phjsiologie.     Paris,  1859,  tome  iv.  p.  364. 
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Ill  tbe  rioree 28  seconds. 

••       Dug 15       " 

"       Goat 13       " 

"       Kubbit 7       '• 

I  These  results  are  corroborated  by  suhseqiient  invcstijjntioim.     In  ox- 

^■riK>rimcntii)g  upon  the  dog,  by  iujcctui^  n  fioiiuion  of  potassium  fbrrocy- 
^"  anide  into  the  jugular  vein,  and  immodiatoly  drawiiig  blotHl  from  the 

corresponding  vein  on  the  opposite  side,  we  have  found  that  the  sliort 
^^intorN'nl  of  time  rcijuiftitc  fivr  t'losiug  the  first  vein  by  ligature  niter 
^Btonninnting  the  injection,  and  opening  the  second  in  suoli  a  mamier  as 
^Bto  obtain  a  s|)eeinien  of  blood  for  cxntniiiatioii,  19  BUfllcient  to  allow 

of  the  passage  of  the  fenocyauide  through  the  entire  round  of  tlie  eir- 

culntion.  Jf  we  regard  the  duration  of  tins  movement  in  tlie  human 
^LeTibject  as  intermediate  between  that  in  the  dog  and  tlie  horse,  making 
^'Bllowance  for  the  difference  in  size,  tlds  would  give  the  time  required 

by  the  blood  to  make  the  circuit  of  the  veins,  arteries,  and  capillaries, 

in  man,  as  not  far  from  20  seconds. 

K  Local  Tariations  in  the  Capillary  Circolation. 

^"  An  important  class  of  phenomena  conneeteil  with  this  part  of  the 
subject  consists  of  tlie  local  varinfionK  in  the  capillary  circulation. 
These  variutiona  are  often  very  marked,  and  show  themselves  iu  m.iny 
different  parts  of  the  body.  The  pallor  t>r  sufl'vision  of  the  face  under 
mental  emotion,  the  congestion  of  the  mucous  meraliranes  during  diges- 
tion, and  the  local  luid  dtflned  reflncss  of  the  skin  produced  \<y  anv 
irritating  ajqilication,  are  all  instances  of  this  sort.  These  changes  arc 
due  to  the  contraction  or  tlilatation  of  the  smaller  arterial  branches 

^_  which  supply  the  part  with  blood,.uuder  the  influence  of  nervous  action. 

^■EThe  mithlle  coat  of  these  vessels  is  composed  mainly  of  organic  or 
unatripeii  muscular  fibres,  arrangeil  in  a  transversely  circular  direction, 
which  by  their  contraction  diminish  and  by  their  relaxation  enlarge 
the  calibre  of  the  arterial  tube.  They  regulate,  accordingly,  by  this 
means,  the  quantity  of  blood  passing  to  the  capillary  system.  When 
contracted,  they  resist  more  strongly  the  impulsive  force  of  the  arterial 
current,  and  admit  the  blowl  in  smaller  quantity.  When  dilated,  they 
allow  a  freer  access  to  the  cainllaries  and  the  blood  passes  in  greater 
abundance. 

These  changes  arc  most  distinctly  manifested  in  the  periodical  con- 
gestion of  the  glandular  organs.  All  the  glantls  and  mucous  membranes 
connected  ^sith  the  digestive  apparatus  enter  into  a  state  of  unusual 

^■rrascular  excitement  at  the  time  of  pccretion  and  digestion.     This  can 

^Iveadily  be  seen,  in  the  living  animal,  In  the  pancreas,  and  in  the  mucous 
membranes  of  the  stomach  and  timall  intestine;  the  tissues  of  these 
l>arts  being  visihly  redder  and  more  turgid  during  digestion  and  absorp- 
tion than  in  the  fasting  condition. 

A  similar  variation  of  the  circulation  has  been  particnlarly  studied 
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by  Benmrd"  in  the  Bubmaxillary  gland  of  the  dog.  During  the  ordiTinry 
conditiou  of  glandular  repose  he  found  that  it  required  sixty-five  seconds 
to  obtain  five  cubic  centimetres  of  blood  from  the  submaxillary  vein; 
but,  when  the  gland  was  excited  to  functionsil  nctivity,  tlie  same  quan- 
tity of  blood  was  discharged  by  the  vein  in  flflccn  seconds.  Thus  the 
volume  of  blood  passing  through  the  organ  in  a  given  time  waa  more 
than  four  t^mia  aa  pregj^  while  the  gland  was  in  a  state  of  active  seen?- 
tion,  fls  in  a  condition  of  repose. 

The  jnerenscd  flow  of  blood,  in  a  eeereting  gland,  is  accompanied  also 
by  an  im]iortant  change  in  Ha  apjwsirance.  During  repose,  the  blood, 
which  enters  the  submaxillary  gland  from  the  arteries  bright  red,  >« 
changed  in  its  tissue  from  arterial  to  venous,  and  passes  out  by  the 
veins  of  H  dark  color.  But  when  the  secretion  of  the  gland  is  excited, 
either  by  galvanizatjon  of  its  nerve  or  by  introducing  vinegar  into  tbe 
mouth  of  the  animal,  the  blood  is  not  only  discharged  in  larger  quantity, 
but  passes  out  red  by  the  veins,  so  as  hardly  to  be  distinguished  in 
color  from  arterial  Idood.  When  the  secretion  of  the  gland  is  Buspendcd, 
the  Mood  in  its  vein  again  becomes  dark-colored  aa  l)efore.  There  is 
little  doubt  that  the  same  is  true  of  most  of  the  secreting  glands,  and 
that  the  blood  circulating  in  their  capillaries  is  changed  from  retl  to  blue 
only  during  the  perioil  of  functional  rejjose;  while  at  the  time  of  active 
secretion  it  not  oidy  passes  through  the  vessels  in  greater  abundance, 
but  also  retains  its  ruddy  color  in  the  veins. 

/  Tliis  is  because,  dnring  the  period  of  glandular  repose,  the  blood  per- 
forms in  its  tissues  the  usual  functions  of  nutrition.  It  therefore  under- 
goes the  ordinary  changes  and  becomes  altered  in  color  from  arterial  to 
^▼enous.  But  the  period  of  active  secretion  is  a  period  of  congestion, 
during  which  the  blood  passes  in  larger  quantity,  while  its  watery  and 
enline  ingredients  extulc  into  tlto  secretory  ducts,  bringing  with  them 
the  materials  accumulated  in  the  inten'al  of  repose.  There  is  nothing 
in  this  process  to  exhaust  the  oxygen  of  the  blood  or  to  change  its 
color  from  arterial  to  venous,  and  it  therefore  passes  into  the  veil 
comparatively  unaltered. 

A  similar  ruddy  color  of  venous  blood  is  to  be  seen  in  the  renal  veins, 
where  it  is  often  nearly  identical  with  that  of  arterial  blood-  The  dif- 
ference in  hue  between  the  renal  veins  and  tlie  neighboring  miiBcular 
veins  or  the  vena  cava,  wlien  exposed  by  opening  the  abdomen  of  the 
living  animal,  is  v^^ry  marked,  provided  the  kidneys  be  at  the  time  in  a 
state  of  functional  activity.  iThe  grater  part  of  the  blood  traversing 
these  organs  is  changed  only  by  the  elimination  of  its  urea  and  the 
remaining  ingredients  of  the  urine,  which  exude  into  the  excretory 
tubules.  •  The  process  of  active  local  nutrition  ia  here  altogether  sub- 
servient to  the  discharge  of  organic  materials  already  existing  in  the 
blood ;  and  the  loss  of  oxygen  and  alteration  in  color  of  the  circulating 
fluid  are  tluis  comparatively  insignificant. 
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'  Lemons  mu  les  Liqaide«  dc  t'Organisine.     Paris,  1859,  tomo  ii. 
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Fig.  125. 


)ii  the  other  haad,  the  venous  blood  cpmingfroni  the  muscitlur  tissue 
is  ver^'  dark  colored,  eHpeeiidly  if  the  muscles  be  in  a  state  of  active 
oontractiuii.  As  the  musdes  form  so 
large  a  part  of  the  entiro  maiss  of  the 
body,  their  comlition  has  a  prepondera- 
ting influence  upon  the  color  of  the 
venous  blood  in  general.  The  greater 
the  activity  of  the  rausculnr  system,  tlie 
darker  is  the  color  of  tlic  blood  return- 
ing from  the  trunk  and  extremities. 
When  the  muscles  nre  in  a  state  of  re- 
pone  or  p.iralysis,  on  the  contrary',  the 
change  is  less  marked;  nnd  in  the  com- 
plete relaxation  produced  by  abundant 
hemorrhage  or  by  complete  etherization, 
the  blood  in  the  veins  often  apjiroxl- 
matos  in  color  to  that  in  the  arteries. 

Finally,  in  tlie  lungs  the  reverse  pro- 
cess takes  place.  In  these  organs  the 
blood  is  sup|>lied  with  a  fresli  quantity 
of  oxj'gcn,  to  replace  that  wiiich  has 
been  consumed  elsewhere ;  and  accord- 
ingly it  changes  its  color  from  dark 
purple  to  bright  red  as  it  passes  tlirougii 
the  puhnonary  capillaries. 

Both  the  physical  and  cliemieal  phe- 
nomena, therefore,  of  the  circulation 
var3'  at  dilTerent  times  and  in  different 
organs.  The  actions  wlijoh  go  on 
throughout  the  body,  are  varied  in  cha- 
racter, antl  produce  a  •imilar  ditference 
in  tlie  phenomena  of  the  circulation. 
The  venous  blood,  consequently,  has  a 
different  com|X)silion  n»  it  returns  from 
different  organs  In  the  |»arotid  gland 
it  yields  the  ingredients  of  the  saliva ; 
in  the  kidneys  those  of  the  urine.  In 
the  intestine  it  absorbs  the  nutritious 
elements  of  the  digested  food ;  and  in 
the  liver  it  gives  up  substances  destined 
to  produc«  the  bile,  while  it  absorbs 
glucose  from  the  hepatic  tissue.  In  the 
lungs  it  changes  from  blue  to  red,  and 
in  the  capillariea  of  the  general  system, 
from  refl  to  blue ;  and  its  temperature,  also,  varies  in  different  veins, 
according  to  the  peculiar  chemical  and  nutritive  changes  going  on  in  the 
organs  from  which  they  originate. 
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Is  afldition  to  the  conoected  series  of  canals  l>y  which  the  blood 
passes  in  a  contiiiuaus  roiuid  tUroiigli  tlie  nrterit's,  capillaries,  ami  veina, 
tliLTt!  ia  also  a  sjj'steiu  ol  vessula,  leading  onh  from  thi-  peripiiery  towattl 
the  centre,  lui'l  (Uscburging  into  tlu'  great  veins  ueai'  the  heart  the  tluitls 
wliicli  liave  been  alworbi-'cl  iti  the  solid  tissues  of  the  bo«iy.  The  ilui<l 
contained  in  these  vessels  is  neuriy  or  quite  culoi'Iess,  especially  in  thin 
layers,  and  from  its  transpaivtit  nutl  wntery  appt'iiranec  is  ealle^l  the 
'*  lymph,"  anil  the  vessels  themselves  constitute  what  is  known  ag  the 
tymphaiic  Kyutem. 

As  the  blood  eirciitates  through  the  capillaries  under  the  influence  of 
the  arterial  pressure,  certain  of  iis  ingredients  transude  throngh  tlie  va»- 
eidftr  walls  and  penetrate  the  interstices  of  tlie  anatomical  elemonta  of 
the  tissues.  An  increased  pressure  upon  the  blood,  either  from  arterial 
congestion  or  from  obstruction  to  the  venous  current,  will  increase  the 
amount  of  transudation,  i>roducing  un  aedematous  condition  of  the  part, 
wliich  is  Brat  perceptible  in  the  loose  connective  tissue,  but  which  may. 
afterward  involve  the  more  compact  eul>Btanee  of  the  organs.  In  the 
normal  state  of  the  circulation,  this  interstitial  fluid,  which  is  the  re«I 
souree  of  nutrition  for  the  solid  parts,  does  not,  however,  stagnate  in 
contact  with  them,  but  is  renewed  by  a  continual  change.  As  fresh  siip- 
])lie3  need  to  be  drawn  Irom  the  circulating  blood,  the  older  portions  are 
removed  by  absorption  and  returned  to  the  centre  of  the  circulation  by 
the  lymphatic  vessel^.  Thus  t!iese  vessels  may  he  considered  as  com- 
plementary in  their  function  to  the  veins.  The  blood,  containing  the  red 
globules,  requires  to  be  rapidly  and  abundantly  returned  to  the  lungs  by 
the  veins,  in  order  to  regain  the  ox^'gen  necessary  for  its  continuetl  vital, 
ity ;  wliile  the  lymphatics  collect  more  gradually  the  Huids  which  have 
served  for  the  dower  process  of  nutrition  and  growth. 


Anatomioal  Structure  and  Arrangement  of  the  Lymphatic  System. 
In  structure  the  lymphatics  do  not  essentially  difler  from  the  blood- 
vessels, their  principnl  pecnliarity  being  that  their  walls  are  more  delieiite 
and  trans|»arcnt.  This  ciretimstance,  together  with  the  colorless  nature 
of  their  contents,  renders  them  leas  easily  recofjnizable  by  dissection. 
Those  of  larger  and  medium  size  consist  of  three  coats,  similar,  in 
general  characters,  to  the  corresponding  tunica  of  the  bloodvessels. 
According  to  the  observations  of  Kolliker,  the  external  coat  alone  is 
distinguished  from  that  of  the  veins  by  the  possession  of  smooth  mu^ 
(364  ) 
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oular  fibres  which  are  arranged  in  a  longitU(lin:iI  nml  oblique  direction; 
a  character  which  is  to  be  seen  In  Iym]>hatios  of  0.2  iiiilliint'tre  in  «Uarufc>» 
tcr  and  upward.  Like  the  veins,  Ihey  are  provided  with  iiuineruus 
valves,  opening  towartl  tlie  heart  and  closing  towaRi  the  periphfry,  the 
vessel  oftt-n  presenting  a  wcU-mjirked  dilutation  just  within  tliu  situation 
of  the  valves,  Tlic  smallest  lynn^hatics  consist  of  only  a  single  coat, 
composed  of  flattened,  epithelium-like,  nucleated  cells,  which  may  be 
brought  into  view,  like  those  of  the  capillary  bloodvessels,  by  the 
staining  action  of  a  Bilver  nitrate  solution. 

Origin  and  Course  of  Ihe  Lymphatir  Vexsrit. —  So  far  as  the  origin 
of  the  lymphatics  has  been  demonstrated  by  injections,  tliese  vessels 
commence  in  the  aubstanoe  of  ttie  tissues  by  plexuses.  They  are  more 
abuiidaiit  in  organs  which  nro  fully  supplied  with  bloodvessels,  and  are 
alksetit  in  tissues  where  bloodvessels  do  not  exist,  such  as  those  of  the 
cornea,  the  vitreous  body,  and  the  epithelial  covering*  of  the  skin  and 
mucous  membranes.  According  to  Von  Recklinghausen,  the  meshes 
of  the  lymphatic  plexus,  as  a  general  rule,  are  iiitcrenlated  between 
those  of  the  capillary  blood veSMel-i ;  so  that  the  pnint  of  jnneliun  of  two 
or  more  lymphatics  is  always  in  the  middle  of  the  space  surrounded  by 
the  adjacent  bloo<  I  vessels.  Thus  the  lymphatic  ca[)illary  is  situated  at 
the  greatest  distance  possible  from  the  nearest  eai>illary  blocwlvessels; 
and  in  the  transudation  of  fluids  from  one  to  the  otlier,  the  interven- 
ing 8id)stance  of  the  tissue  will  always  be  com[>letely  traversed  by 
the  nutritious  ingredients  of  the  blood.  In  membranous  expansions 
presenting  a  free  surface,  as  in  the  skin  and  mucous  membranes,  the 
f»Iexus  of  cnpillary  blotMlvcsseJs  is  invari.ibly  nenrer  the  surfaee,  while 
the  lymphatics  occupy  n  deeperj)lanc  beneath  it.  Even  in  tlie  villi  of 
the  small  intestine,  the  network  of  bloodvessels  is  situated  immediately 
under  the  epithelial  layer,  and  surrounds  the  lacteal  vessel  which  is 
placed  in  the  eentnil  part  of  the  villus. 

Beside  the  Ij'mphattc  capillaries  proper,  certain  irregularly  shaped 
spaces  or  e.inals,  containing  only  a  coloiless  or  serous  fluid,  have  lieen 
found  in  organs  consisting  of  condense*:!  connective  tissue,  lilve  the  cen- 
tral tenilon  of  the  diaphragm  and  muscular  fusciee.  They  have  been 
demonstrateil  mainly  b^'  the  process  of  treating  the  tissues  with  a  solu- 
tion of  silver  nitrate,  which  stains  the  solul  portions  of  a  dark  color, 
but  leaves  the  capillary  vessels  and  the  serous  canals  uncolored.  These 
interstitial  spaces  or  serous  eonalieuli  have  been  reganled  b}*  !>omc  ob- 
servers (llecklinghausen)  as  directly  eontinu<»us  with  the  lymphatic 
capillaries,  and  as  constituting  the  immediate  sources  of  supply  for  the 
lyrattlj ;  but  this  connection  is  not  universally  admitted.  The  serous 
canaliculi  are  distinguislied  from  the  lymphatic  capillaries  by  their 
much  smaller  size,  and  by  the  fact  that  they  do  not  possess,  like  the 
latter,  a  lining  of  epithelial  cells. 

From  their  plexuses  of  origin  the  lymphatic  vessels  pass  inward 
toward  the  great  channels  and  cavities  of  the  body,  uniting  into  larger 
ranches  and  trunks,  and  following  generally  the  course  of  the  prin- 
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cipal  blocHlvessels  and  nerves.  Those  of  the  lower  extremities  eril 
Hie  cavity  of  the  alxloint'ij,  aud  juiii  nilh  the  lymphatics  of  the  nbdc 
minal  organs  to  form  the  couimeQcemeut  of  the  thoracic  duct,  wliicb 
ascends  through  the  cavity  of  the  chest,  receiving  branches  from  the  h 
thoracic  orgaiis  to  the  rout  of  the  neek,  where  it  is  joined  by  l^'mphatic*  ^ 
from  tlio  It'll  siile  of  the  head  and  the  lel^  upper  extremity,  and  ter- 
minates in  the  left  subclavian  vein,  at  the  point  of  its  junction  with  the 
lel't  internal  jugular.  The  lymphatics  coming  from  the  right  side  uf 
the  head  ami  neck,  the  right  upper  extremity,  an<l  a  portion  of  thoi 
thoracic  organs,  form  a  trunk  of  HiuaikT  size,  the  right  lymphatic  dactyl 
•whii-h  temiinales  in  ihe  riglit  suliclavian  vein  at  its  junction  with 
right  internal  jugular.  Thus  the  lymph,  collected  -  from  the  vascular' 
tissues  of  the  eutire  body^  is  mingled  with  the  venous  bloo<t  a  short 
disluMce  before  its  arrivd  at  the  right  side  of  the  heart.  fl 

The  Great  Serous  CaviUe*  of  the  Jiody  are  Li/mphatic  Z«a<«n».— " 
It  is  well  known  that  in  the  amjdiibious  reptiles  there  are  irregiilarly- 
shuped  spaces  or  hieume,  fortning  a  part  of  the  lymphatic  system  and 
interposed  i>etweeu  adjiicent  organs  in  various  parts  of  the  body.  In 
the  niaraumlia  the  perituueai  and  pleural  cavities,  and  probably  all  the 
principid  serous  sacs,  are  also  in  direct  comnuiniealion  with  the  lym- 
phatic vessels.  This  was  first  shown  by  Keckiinghuusen'  for  the  j>eri- 
toneut  cavity  of  the  rabbit,  which  communiciites  by  raicro»eoi)ie  orilieenj 
with  the  lymphatic  vessels  in  the  centnd  tendon  of  the  diaphragm." 
These  conununieations  were  demonstrated  in  two  ways:  First,  on  in- 
jecling  into  the  peritoneal  cavity  of  the  animid  milk,  or  ft  watery  fluid 
holding  in  suepeusion  minute  granules  of  coloring  matter,  the  lymphatic 
Vessels  of  the  central  tendon  of  the  dia[)hragm  were  afterward  found  to 
be  Glled  with  the  white  or  coloreil  injection.  Secondly,  the  central  tendon 
of  the  diaphragm  being  carefully  removed  from  the  recently  killed  animnJ, 
■«nd  a  drop  of  milk  plaee«l  upon  its  ]ieritonenI  surface,  the  milk  globules 
could  be  directly  observed  under  the  microscope,  running  in  converging 
currents  to  certain  points  on  the  surface  of  the  tendon  and  there  pene- 
tralijig  into  its  lymphatic  vessels.  The  cavity  of  the  pleura  has  also 
been  found  by  similar  means  to  eommunicnte  with  the  lymphatic  vessels 
in  its  neighborhowl.  The  serous  cax'itiea  accordingly"  are  either  exten- 
sive lacuna:,  forming  in  some  regions  the  origin  of  the  lymphatic  vessels, 
or  else  they  are  wide  but  shallow  expansions  of  the  cavity'  of  the  lym- 
phatics, situated  at  various  points  in  their  course. 

The  Lymphatic  Glands. — During  the  passage  of  the  lymphatic  vessel* 
firom  the  |>eriphery  toward  the  centre,  they  are  repeatedly  interrupted  by 
ovoid,  glandular-like  bodies,  of  a  pale  reddish  color  and  somewhat  firm 
consistency,  varying  in  size  from  about  two  to  twenty  millimetres  in 
their  long  diameter.  They  do  not  exist  in  fish  and  reptiles,  but  an: 
always  present  in  birds  aud  mammalia.  As  a  rule,  several  Ij-mphatic 
vessels  reach  these  bodies,  coming  in  a  direction  from  the  peripherj';  and 

<  Strieker's  Uaaual  of  Ilislology.  Back's  EditioD.     New  York,  1872.  p.  221. 
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several  others  leave  them  at  another  portion  of  their  surface,  passing 
onward  toward  the  centre  of  the  circulation.     The  former  are  called  the 

r*  afferent,'' the  Inlter  the  "  efferent"  Ijmpliatic  vessels.  Owing  to  the 
general  glun«Ui!ar-likc  aspect  which  they  present  to  the  eye,  these  bodies 
are  known  aa  l^-mphatic  "glands,"  although  they  possess  no  proper  ex- 
cretory duct,  and  whatever  new  materifUd  ore  formed  in  their  interior 
roust  be  carried  away  either  by  the  veins  or  by  the  efferent  lymphatic 
vessels. 
L  ■  The  lymphatic  glands  ore  situated  upon  the  course  of  the  lympljatio 
n'  tassels  on  the  inside  of  the  limbs  at  the  flexures  of  the  joints,  in  tho 
r  axilla  and  tho  groin,  in  the  thoracic  and  abdominal  cavities,  along  the 
sides  of  tlic  spinal 'eohmin,  in  the  mesentery,  and  in  the  sides  aud  ante- 
||V  rior  part  of  tlie  neck. 
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multitude  of  smaller  spaces  by  tlie  inosculations  of  tliis  fibrous  franifr 
■work.  The  buntls  conslitiitiug  tliis  IVtmiework  are  called  the  "  trubeculs.^' 
Secoiidly,  in  the  interstice!)  between  the  trabccuUe  there  is  situated  the 
puljiy  Kuhstnnee  of  the  ghind.  In  the  more  external  or  cortical  part  of 
the  plnnil,  the  interspaces  have  a  rotindett  or  sac-like  form,  which  givei 
to  this  portion  of  tlie  organ  a  grnnnlar  aspect,  while  this  ap]K'arailce  i» 
wanting:  in  the  deeijcr  or  nu-dullary  portiun  ;  hnt  in  both  situations  tiie 
glanilular  jnilp  hua  essentially  the  same  microscopic  texture.  Thirdly, 
the  bloudvesBcla  of  the  ginnd  penetrate  it  from  the  outside,  usually  at  a 
depressed  simt  calle<l  tlie  "hilum,*'aml,  after  reaching  the  interior,  break 
up  into  a  ricli  pKxiis  ofciipilturies.  These  I'loodvessels  and  their  t:i]>il- 
lary  plexus  follow  distinct  routes  in  the  gland,  in  the  middle  of  the 
spaces  between  the  trabeculn;.  The  capillary  blootlvesscla  are  sur- 
rounded and  held  in  position  by  very  fine  branching  fibres  attached  to 
their  external  surface;  and  in  the  raeshes  of  these  fibres,  as  well 
between  the  liluotlvessi-ls,  tlierc  are  iral>edded  a  great  nuralier  of  roun<led 
grannhir,  nucleatcil  cells,  about  9  mmin.  in  diameter,  similar  to  the  white 
globules  of  the  blood  and  of  the  lymph,  and  which  in  this  situation 
are  kuawn  as  "  lyra[)h  globules."  The  presence  of  these  granular  cells, 
fixed  beUvfL-n  and  immediately  around  the  cnjiillary  bloodvessels,  gixes 
t<j  the  parts  occupied  by  them  a  well-marked  opaque  ap])earauce  by 
transmitted  light;  and  there  are  thus  forme<l,  in  a  thin  section  of  the 
gland,  eliiuijatetl,  opnHjtie  tracts  or  cords,  separated  by  intervening  trans- 
parent spaces,  and  commauicatmg  with  each  other  at  frequent  intervals, 

Fig.  127. 
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THIW     SKOTIOIC    of    a    LtMPHATIO    QLAIfD 

rBOM    TRB    Ox— d.  Metlullitry  conla.    b.  Lymiih 
pftthB.    e,  TrAbcoulsD,    (KoHlker.) 


LowoiTnniwAL  SEt'TlO>  lhrou;Hl| 
the  hllum  of  a  mesenttTlc  Rinnd  fruv] 
th«  ox,  tttowing  the  coDioirnrpnirnt  o(  < 
the  efferent  lymphiflo  vcfsclB  lnje«te<) 
from  a  puncturv  of  ibe  irlnndL'Ur  lub* 
atnnce, — a.  PIrxua  of   efltrput  vei#^lc 
6.   Lymph   |iath».    e,  Mt-Uullary   eordt.] 
i.  Tmbeoulic.    (KOUlker.) 


These  opaque  and  vascular  tracts  are  called  the  mfdnUary  cords  of  the 
lymphatic  gland.     They  ore  the  only  vascular  parts  of  the  orgnn; 
the  capillary  bloodvessels  never  pnss  beyond  them  into  the  intervening 
transparent   spaces.      The    transjtarent   s])nces,  situatetl    botweca    the 
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medullary  cortla  and  immediately  surroumling  the  trabccula;,  constitute 
tlie  1 1/ III jj/i-patfiii,  or  the  cliannels  by  whicli  the  lyuijih  travcrst's  tlie  glan- 
dular Hubstauoe  from  the  atte-ri-ut  tu  tlie  flfertiit  vcbstls.  Tlie  ntlercnt 
lymphatic  vessels,  according  to  the  united  testimony  of  more  recent 
observers,  nfler  ramilyiiig  upon  the  outer  surface  of  the  gland,  penetrate 
its  fibrous  envelope  and  become  continuous  with  the  tninspjirent  por- 
tions of  the  glandulnr  subsliuice.  Tiiis  bus  Iweu  shown  by  injections  of 
the  hmphatic  glaml  from  tlie  aiTcrent  ves!»els ;  and  Koiiiker  has  also 
demonstrated  a  similar  connection  uf  tlie  same  channels  with  the  etTereut 
vessels,  by  injecting  these  vessels  from  the  substance  of  the  pland. 

The  lymph-i)aths  present  a  transparent  apiiearaiiee  in  thin  sections  of 
the  glaud  for  tlie  reason  that  the  gnuiiilar  lyin]tb-cella  which  they  con- 
lain  are  easily  detached  and  removed  by  munipnlation,  while  those  of 
the  nH*<lulIary  cords  are  more  firmly  fixed  in  the  filiroiis  mesh-work  and 
do  not  readily  yiehl  to  a  displacing  force.  It  has  been  found  by  Koiiiker 
that  a  watery  or  serous  fluid,  injected  tlirough  the  eulrstaiice  of  the  gland 
under  very  moderate  pressure,  will  also  displace  these  cells  and  leave 
the  spaces  which  they  occu[)ied  nearly  clear.  For  these  reasons  it  is 
regarded  as  certain  that  the  ligbt»T  spaces  in  the  lymphatic  glands  are, 
as  tJieir  name  indicates,  the  cliiiunels  by  which  the  lyra])h  passes  from 
the  aderent  to  the  efferent  vessels,  an<l  that  the  lyniph-cells  are  detached 
by  this  current  from  the  place  of  their  growth  and  carried  onward 
through  the  rest  of  the  lympliatic  system. 

Transudation  and  Absorption  by  the  Animal  Tissues. 

During  the  passage  of  the  blootl  through  the  capillary  bloodvcsadls 
a  variety  of  actions  tjike  place  by  which  some  of  its  inf^redicnts  ore 
given  up  to  the  tissues  by  tnin.iudation  and  are  at  the  same  lime  replaced 
by  others  derived  by  absorption  from  the  adjacent  iiaits.  The  lym- 
phatic system  of  vessels,  Curtliermore,  is  entirely  lilled  by  the  absorption 
of  materials  taken  up  from  the  surrounding  tissues;  and  the  composi- 
tion of  the  fluid  which  they  contain  dej)ends  upon  the  proi)erty,  belong- 
ing to  anim:d  mcmbnuics,  of  tnuisiuitting  or  absorbing  certain  tbii<l 
substances  in  a  jK'eulisu*  way.  This  property  is  exhibited  experiment- 
ally in  the  following  mtiniier. 

If  a  fresh  animid  mendtranc  be  firmly  attached  over  the  mouth  of  a 
cylindrical  glass  tulx-,  filled  with  pure  water  and  inimerwd  in  solutions 
of  various  substances,  in  such  a  manner  that  the  membrane  forms  a 
continuous  diaphragm,  having  the  water  on  one  side  and  the  solution 
on  the  other,  it  is  fmind  that  different  substances  jjenetrate  the  mcm- 
bmne  and  pass  through  it  to  the  water  with  very  dilfcrent  degrees 
of  rapidity.  As  a  general  ride  crystallizable  substances,  such  as 
mineral  salts,  glucose,  urea,  pass  with  facilit}*;  while  the  non-crystaJ- 
lizabic  organic  matters,  such  as  albumen,  starch,  gum,  pass  witji  com- 
parative <liHk'ulty  There  are  certain  exceptions,  however,  to  this  rule. 
Thus  aUuimcn,  under  ordinary  cireumstancea,  transudes  slowly  or  not 
at  all  through  animal  membranes;  while  albuminose,  which  is  also  non- 
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ciystallizable,  passes  very  rapidly  and  abiimlantly.     The  distinctic 
furthermore,  between  the  two  classes  of  suUstaacofB  is  not  a  coraple 
one,  since  they  may  nearly  all  be  niivde  to  transude  in  some  degree 
increasing  the  prestiure  of  the  cohunn  of  fluid  upon  the  corresponding 
Hide  of  the  membrane ;  but  the  ditference  between  thf  ra  is  often  very 
great  in  this  resi)ect.     According  to  the  observations  of  Liebig,'  the 
requisite  pressure  for  different  liquids,  in  passing  through  the  same 
membrane  in  a  given  time,  is  as  follows : 

COMFARATIVK    PbEBSUBK    Ksqi'IRED   TO    OaUBI   TRAXBtTDATION    TBROtTOB 

Ox-BLADDER. 
KiD<l  of  Ilqultl,  Height  of  the  mcrcurinl  polumc 

Water 324  milHmctrcs. 

Solution  of  salt 614  " 

Oil 920 

Alcohol 1298  » 

Owing  to  their  varying  degree  of  transmissibity  through  membranes 
this  property  has  even  been  employed  for  the  puri>ose  of  separating 
dilferent  substances  from  each  other,  when  mingled  together  in  the 
liquid  form.  This  process  is  termed  Diahjsi«.  Thus,  if  a  solution 
contaiuing  both  gum  and  sugar  be  placed  in  contact  with  one  side  of 
the  membranous  diaphragm,  with  pure  w:iter  on  the  other,  the  sugar 
alone  will  pass  through,  while  the  gum  will  be  left  behind.  If  a  mix- 
ture of  albumen  and  sodium  chloride  be  placed  under  the  same  con- 
ditions, the  salt  will  transude  in  a  pure  form  leaving  the  albumen 
by  Itself;  both  substances  in  this  way  Iwing  purified  from  each  other 
through  the  action  of  the  membrane,  liy  the  same  process  it  has  been 
found  possible  to  extricate  poisonous  crystalliznble  matters,  sucli  as 
Btrvchiune  or  arseuious  acid,  from  their  adujixture  with  albuminous 
substances  in  a  state  of  stilRcient  purity  to  nllow  of  their  detection  by 
clieraicul  tests.  The  tissues  of  an  aniinul  rot'udjrane,  a<'Cordingly,  may 
in  this  way  exercise  a  kind  of  elective  aHinity  for  v.irious  substances, 
and  produce  a  special  composition  in  fluids  which  have  transuded 
through  them.  ^^ 

End(>»moisi«  and   Exosmoam, — Beside  the   elimination    of  obemica^H 
ingreilients  above  describerl,  the  j)henoraena  of  transudation  often  give 
rise  to  a  change  in  volume  of  the  fltiid  on  cither  side  of  the  membranoi 
septum.     When  an  animal  membrane  is  interposed  between  two  diffcret 
liquids  which  are  iuibil>ed  and  transmitted  by  it  with  different  degre* 
of  facility,  tliat  which  passes  most  readily  will  accumulate  in  lar^ 
quantity  on  the  opposite  side  of  the  membrane. 
'   If  we  take,  for  cxamjilo,  a  solution  of  salt  and  an  equal  volume 
distilled  water,  and  inclose  tlietn  in  a  glass  tube  witli  a  fresh  animal 
membrane  stretched  between,  the  two  liijijids    being    in  contact  with 
opposite  sides  of  the  membrane,  after  a  time  they  will   have  become 

■  Cited  ia  LoDget,  Traits  dc  Phjsiologie.     Paris,  1861,  tome  t.  p.  384. 
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linglod,  to  ft  ccrtaia  extent,  with  each  other.  A  part  of  the  salt  will 
liavc  passed  into  the  distilled  water,  giving  it  a  saline  taste ;  and  a  part 
of  tlie  water  will  have  parsed  into  the  saline  solution,  niriking  it  more 
dilute  thiin  hoforc.  If  the  quantities  of  the  U\o  liquiils,  which  have 
bec-oine  so  transfsrred,  be  measured,  it  will  be  foiiml  that  a  coin|iaiatively 
large  quantity  of  water  lias  passed  into  the  saline  solution,  and  a  com- 
paratively sniail  quantity  of  the  saline  soliitiun  has  passed  out  into  the 
water.  That  is,  the  water  passes  inward  to  the  salt  more  rapidly  ihan 
the  salt  passes  outwan]  to  the  water.  'I'lie  conseqninee  is,  that  the 
saliue  solution  is  increased  in  volume,  while  the  water  is  dituiniahcd. 
The  more  abundant  passage  of  the  water,  through  the  membrane  to  the 
salt,  is  called  t'lidu^inidsiH;  and  the  more  scanty  passage  of  the  salt  out- 
ward to  the  water  is  called  cxojoho.s/.s. 

The  rnwle  usually  adopted  for  measuring  the  rapidity  of  cndosnaosis 
is  to  take  a  glass  vessel,  shajxHl  somewhat  Ijke  an  inverteti  funnel,  wide 
at  the  bottom  and  narrow  at  the  to]>.  The  bottom  of  the  vessel  is 
_closed  by  a  thin  animal  membrane,  stretched  tifrhlly  over  its  edge  and 
;urcd  by  a  ligature.  Fi*ora  the  t(jp  of  the  vessel  there  rises  a  narrow 
^lass  tulie,  open  at  its  upper  extrenutj*.  When  tlie  in.strumcnt  is  thus 
[prepared,  it  is  fdled  with  a  saline  or  saccharine  solution  and  placed  in  a 
i»l  of  distilletl  water;  su  tiiat  the  membrane,  stretched  across  its 
iBttBth,  shall  be  in  contact  with  pure  water  on  one  side  and  with  the 
interior  solution  oa  the  other.  The  water  then  passes  in  through  the 
lembrane,  by  endosmosis,  faster  tlian  tlie  ingredients  of  the  soltitioa 
iss  out.  An  acciuniilation  cun.Hequenlly  takes  place  inHJde  the  vessel, 
and  tlie  level  of  the  fluid  rises  in  the  ujiright  tulw.  The  height  to  which 
^^lie  fluid  thus  rises  in  n  given  time  is  a  mcat^ure  of  the  intensity  of  the 
^Hcdosmo-sis,  and  of  its  excess  over  exosraosis.  By  varying  the  consti- 
^Kntion  of  the  two  liquids,  and  the  arrangement  of  the  membrane,  the 
^^^ariatiuns    in   endusmotic    aetiim    under   ditforent   conditions    may   be 

readily  ascertained.     Such  an  instrument  is  called  an  endosmometer. 

^H     Physical  Conditinnx  injliienving  Endosmoiiin. — The  conditions  which 

^B^gulato  the  inteubity  lunl  extent  of  en<]osmosis  have  been  investigated 

by  Dutroehet,  Graham,  Yierordt,  Mntteucci,  and  Cima.     The  first  of 

^^bese  conditii>n9  is  tlie  J'rcshTwas  of  the  animal  membrane.     A  mcm- 

^Brane  that  hns  been  dried  and  moistened  again,  or  one  that  haa  begun 

to  putrefy,  will  not  produce  its  full  efteet.     It  is  also  found  that  if  the 

membrane  he  allowed  to  remain    and  macerate  in  the  tluids,  after  the 

column  baa  risen  to  a  certain  height  in  the  upright  tube,  it  begins  to 

descend  again  when  putrefaction  commencea,  and  the  two  liquids  finally 

sink  to  the  same  level. 

The  next  comlition  is  the  extent  of  cofitact  between  the  membrane 

Nuid  the  two  liquids.  The  greater  the  extent  of  contact,  the  more  rapid 
p  endosmosis.  An  endosmomctcr  with  a  wide  mouth  will  produce 
more  etfect  than  with  a  narrow  one,  though  the  volume  of  liquid  may 
be  the  same  in  both  instances.  The  action  takes  pl.ice  in  the  substance 
of  the  membrane,  and  is  proportional  to  its  extent  of  surface. 
24 
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The  nature  of  Ike  membrane  employed,  and  even  it«  position  in  re^ 
gard  to  the  ixvo  liquids^  also  infliieuce  tlie  result.  Diifercnt  seroiM  and 
mucous  uiembr&nes  act  Tvitli  tUlfereiit  degrees  of  force.  The  effect  pro- 
duced U  not  the  same  with  Ihc  integument  of  different  animals,  nor  iritli 
membranous  tissues  taken  from  dillcri-nt  parts  of  the  body  of  the  saunj 
animal.  This  depcnila  ujjoii  the  fact  that  tbe  power  of  .<)bsorption  for 
a  given  lirjuid  is  ilitlerent  in  difft-rcnt  tissues.  Chevreuil  invcstijjatc^l 
tins  point  by  taking  dt'fiiiiteqimntitir»  of  certain  animal  substances,  and 
immersing  them  in  various  liquids  for  twenty-four  hours,  at  tbe  end  of 
which  time  the  eubstauce  was  removed  and  weighed.  Its  increase  in 
Weight  showe^l  tlie  quantity  of  liquid  which  it  had  absorbed.  The  fol- 
lowing table'  shows  tbe  result  of  these  experiments: 

COKPARATrVK    POWKR    Of    ABSORPTION    IN    DIFFEREAT    TlSSCKS. 


)  Pari!  or 

w 

«ter. 

Saline  Solution. 

Oil. 

Cartilage, 

"IM 

[jarts. 

125  parts. 

Teodon, 

178 

" 

114     " 

8.6  porta. 

Elastic  ligament. 

absorb  in 
24  hours. 

14a 

«« 

30     " 

7.2     " 

Cornea, 

4G1 

" 

370     " 

9.1     " 

Cartilaginona  ligament, 

:(19 

•• 

3.2     •■ 

Dried  fi brine, 

301 

ti 

151     •• 

The  influence  of  the  position  of  the  membrane  depends  upon  a  f;itnil.ir 
difference  in  the  absorbing  power  of  its  two  surfaces.  With  sonic 
fluids,  endosmosis  is  more  rapid  when  the  membrane  has  its  mucous 
surface  in  conUict  with  the  dense  solution,  and  its  di.ssectgd  surface  in 
contact  with  the  water.  With  other  substances,  the  more  favorable 
position  is  the  reverse.  Mattcucei  found  that,  in  osing  the  mucous 
membrane  of  tin."  ox-bladder,  with  water  and  a  solution  of  sugar,  if  the 
mucous  surface  of  the  membrane  were  in  contact  with  the  saei-hurine 
solution,  the  liquid  rose  in  the  endosmometer  between  80  and  113  milli- 
metres in  two  hours.  But  if  the  same  surface  were  turned  tow:inl 
the  water,  the  rise  of  the  column  of  fluid  was  only  63  or  12  millimetres.^ 
in  the  same  time. 

Another  imiiortant  circumstance  is  the  constilufion  of  the  (wo  liquid* 
and  their  relation  to  each  other.     Asa  general  thing,  if  the   Hciuida' 
employed  bo  water  and  a  saline  solution,  endosmosis  is  more  active,  tlje 
more  concentrated  is  the  solution  hi  the  endosmometer;  that  is, a  largei 
quantity  of  water  will  pass  iiiwanl  toward  a  dense  solution  than  towjirdj 
one  which  is  dilute^     But  the  force  of  endosmosis  varies  with  dinerentJ 
li<|uids,  though  tljey  may  be  of  the  same  density.     Dutrochct  measurcdl 
tlie  force  with  whieli  water  jinsses  through  the  mucous  membrane  of  th« 
ox-bladder,  into  different  solutions  of  the  same  density,  with  the  follow^ 
ing  result:* 


'  In  I.«nget.  Trait^l  <lc  Physiologie.     Taris,  I8fil.  tome  i.  p.  383. 
*  Iti   5IattcHcci.   Ou   the  rhysical    Plienomoutt  of  Living  Beings.     Pciriral 
trantsktioii.     Philadelphia,  1848,  p.  48. 
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iPARATiTK  Intensity  ok  E.ndosmosih  ok  Water  toward  diffebekt  uqi'ioa,  A3 

MKA.SLrREI)  BT  TUB  RISE  OP  THK  CULUU\  IN  THK  K.NOOSMOMKTER. 

Eatloamosla  of  wnter  toward  IMvUlona  of  the  Enilosmometcr  tube. 

Solution  uT  goluUiic     ......        3 

"  gum 5 

"  pup-ar 11 

"  iilljiinicn 12 

The  primary  cause  of  this  variation  in  the  phenomena  of  enrlosmosia 
is  tho  ilitfert'iit  absorptise  power  possessed  by  an  siiiiiual  merabnuie  or 
tissue  for  dillorent  liquida.  This  is  partly  shown  by  the  expeiiineuta 
of  Chevreuil,  in  which  oily  matters  wore  usually  absorbed  less  readily 
than  either  "water  or  saline  sckliitions.  ^Nearly  all  animal  membranes 
also  alisorb  water  more  rapidly  than  a  Bolulion  of  suit.  I  fa  meiiibraiie, 
partly'  drie<l,  be  |>laced  in  a  saturated  solution  of  sodium  chloride,  it 
will  absorb  the  water  in  so  much  larj^cr  proportion  than  the  pslt  that  a 
part  of  the  salt  will  be  lelt  behind  and  deposite<l  in  a  crystjdline  form 
on  the  surfnee  of  the  nuMnbrane. 

When  an  animnl  imitibrane,  aecordinply,  i»  placed  in  contact  with 
two  different  litpiids,  it  absorbs  one  of  them  more  abunflautly  than 
tho  other;  and  if  tliat which  is  absorbed  in  the  greatest  qu.antity  ia  also 
rcailily  diffused  into  llie  licimiil  on  tlic  opposite  siile,  a  rapid  enrlosmosis 
will  take  jtl.nce  in  tliut  dircftiou,  and  a  felow  exosmosis  in  lac  other. 
Consequently,  the  least  absorbable  tltiiil  increases  in  volume  by  the  con- 
stant admixture  of  that  which  is  taken  up  more,  rapidly.  There  are 
even  some  cases  in  which  cndusmosis  t.nkcs  place  without  Iwing  accom- 
panied by  exosmosis.  This  occurs  when  water  and  albumen  arc  cm- 
ployed  as  the  two  liquids.  For  while  water  readily  passes  inward 
through  ti»e  animal  membrane,  the  albumen  does  not  pass  out.  If  an 
OiMMiiui^  be  made  in  the  lari^e  end  of  a  fowl's  e^rg,  so  as  to  expose  tho 
shell-iaendtrane,  and  Llie  whole  be  then  immersed  in  a  goblet  of  water, 
endosniosis  will  take  place  freely  from  the  water  to  tiie  albumen,  so  ns 
to  distend  the  shell-niembrane  mid  make  it  protrude,  like  a  hernia,  from 
the  opening  in  the  shell.  But  the  albuiueii  does  not  pass  outwanl 
through  the  membrane,  and  the  water  in  the  goblet  remains  pure. 
After  a  time  the  pressure  from  within,  due  to  the  accumulation  of  fluid, 
becomes  so  great  as  to  hurst  the  shell-membrane,  after  which  the  two 
fluids  mix  uniformly  with  each  other. 

But  a  substance  like  albumen,  which  will  not  pass  out  by  exosmosis 
towanl  pure  water,  may  traverse  n  membrane  which  is  in  contact  with 
a  solution  of  salt.  This  has  been  shown  to  be  the  case  with  the  shcll- 
meiubrano  of  the  fowl's  egg,  which,  if  immersed  in  a  watery  solution 
coulaiuiug  from  3  to  4  per  cent,  of  sodium  chloride,  will  allow  the  escape 
of  a  small  proportion  of  albumen.  Furthermore,  if  a  mixed  solution  of 
albumen  and  salt  be  placed  in  a  dialysing  apparatus,  the  salt  alone  will 
at  first  pass  outward  leaving  the  albumen;  but  after  the  exterior  liquid 
has  become  perceptibly  saline,  the  albumen  also  begins  to  pass  in  a]>pre>- 
ciuble  quantity. 
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For  tlio  same  membnmo  and  different  solutions  of  tlie  same  substance, 
the  direction  and  intviiRity  of  transudation  doix-nd  upon  the  strength  ot 
the  solutions,  VVitli  endosmometers  containing  Bolutiona  of  BU<rar  or 
salt,  and  immersed  in  pure  water,  aa  shown  by  Dutrochet,  the  stronger 
the  euhitiun  tiie  more  rapid  ia  the  endosraosis  fioin  without ;  and  if  two 
Bolutions  of  salt  be  employedj  with  a  mendjranous  tieplum  between  theu), 
endosmusis  takes  place  i'vuui  the  weaker  solution  to  the  stronger,  and  is 
proportional  to  the  ilillerenee  in  their  deusilies.  Density,  however,  ia 
not  always  the  comlilion  which  determines  the  <lirection  of  the  current. 
For  although  with  saline  or  saccharine  solutions  the  direction  of  etidos- 
mosis  is  from  IIk-  tighter  to  the  denser  Hquitl,  with  alcohol  and  water  it 
takes  place  from  the  water  to  ibc  alcohol ;  that  ia,  fruua  the  denser  to  the 
lighter  liquid.  It  ift  evident  from  these  facts  that  the  process  of  endog- 
mosis  does  not  depend  priiicii)ally  upon  tiie  attraction  of  the  two  liquids 
for  each  other,  but  upon  /he  atlraclion  of  the  animal  membrane  for  the 
two  liquids.  The  membrane  is  not  a  passive  filter  tli rough  which  the 
liquids  mingle,  but  is  the  active  agent  which  determtues  their  transu- 
dation. The  raembrane  has  the  jjower  of  absorbing  liquids,  and  of 
taking  them  up  into  its  own  substance.  This  i>ropcrty,  belonging  to 
the  mcHibrane,  depends  upon  the  organic  ingredients  of  which  it  is  com- 
posed ;  and,  with  dilTcrent  animal  substances,  the  rate  of  absorjjticn  is 
different.  The  tissue  of  cartilage,  for  example,  as  shown  by  the  exi)eii- 
ments  of  Chevreuil,  will  nbsurb  more  water,  weight  for  weight,  than  that 
of  the  tendons;  and  the  tissue  of  the  cornea  will  absorb  nearly  twice  ai, 
much  as  that  of  cartilage. 

The  continuance  of  etidosmosja  is  much  favored  by  renewal  of  Mel 
two  liquids.     Since  the  accumulation  of  fluid  on  one  side  of  the  mem«j 
brnne  depends  on  the  difference  in  composition  of  tlie  liquids  employed] 
and  the  consequent  dillerence  in  their  rate  of  absorption,  when  cndos- 
mosis   has    been  for  some   time    going  on,  and    the  two  liquids  have] 
approximate<I  cacli  other  in   composition,  the  activity  of  eutiosinosts] 
will  !>e  diminished  in    proixirtion.     As  the  salt  or  sugar    passes  out-j 
ward  to  the  water  and  the  water  inward  to  the  solution  in  the  endos>j 
monieter,  the  external  liquid  acquires  a  saline  or  saccharine  ingit'dient|j 
and  the  interior  Holution  IveciuncH.  more  dilute;  and  when  tiie  two  liquiiUj 
have  thus  arrived  at  the  same  or  nearly  the  same  composition,  endo»-j 
mosis  must  cease.     But  if  the  exterior  liquid  be  constantly  replace*!  by ' 
a  current  of  jiure  water,  and  the  interior  solution  maintained  at  its 
original  strength  by  the  addition  of  new  ingredients,  the  process  of 
transudation  will  g<i  on  with  undiminishetl  activity  until  the  mrmbr»no3 
has  lost  its  absorbent  power.     The  effect  of  a  constantly  renewed  car- 
rcnt  in  aiding  enflosmosis  may  be  readily  shown  by  filling  the  cleansed 
intestine  of  a  rabbit  with  water  from  a  reservoir  and  then  placing  it  ia| 
a  .shallow  glass  vensel  containing  a  dilute  solution  of  hydrochloric  acid.] 
If  the  water  be  allowed  to  flow  through  the  intestine  ander  pressure] 
from  the  reservoir,  that  which  is  discharged  from  its  open  extremitj 
will  in  a  few  seconds  show  the  presence  of  hydrochloric  acid  by  its 
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action  with  litmus.    Tlie  acid  in  tliis  case  p^Rses  through  the  wnll  of 

I  tilt'  intestine  ngainst  the  presf^ure  uf  the  current,  whit-h  is  of  course 
jUrected  from  within  outwanl. 
I  Eutlotsraosia  is  also  regulated,  to  a  great  degree,  by  trmperalure. 
As  a  rule  it  is  more  active  when  the  temperature  is  moderately 
picvatcd.  Dutrofliet  found  tliat  an  endosmometer,  containing  a  solu- 
llon  of  gum,  iibsorbed  only  one  volume  of  water  at  a  tcmjiejature  of 
0",  hut  absorbed  three  voliunoa  at  al)out  34°.  Vnrifttions  of  tempera- 
ture will  sometimes  even  change  the  direction  of  the  endosmoais  alto- 
I  gether,  particularly  witli  dilute  solutions  of  liydrocliloric  acid.  In  the 
I  experiments  of  Dutrochot,  when  the  cndosmomi  tir  was  filled  with  dilute 
^^iydrochloric  acid  and  placed  iu  distilhtl  water  at  the  temperature  of 
^HlO^f  endosmosis  took  place  from  the  aci<l  to  the  water,  if  the  density  of 
^Hbe  acid  solution  were  less  than  1.020 ;  hut  from  the  water  to  the  acid, 
^Bf  its  density  were  greater  than  this.  On  the  other  hand,  at  the  tem- 
perature of  22",  the  current  was  from  within  outward  when  the  density 
]  t»f  the  said  sohition  was  below  1.003,  and  from  without  inwaiil  when  it 
I       was  nl»ove  that  point. 

Absorp/ivn  and  Trnnsvtlation  in  thfi  Ti-tyueit  nf  the  Lvung  Body,— 

tin  the  cxix-riments  above  detailed,  performed  with  membranes  and  tis- 
sues taken  from  the  dead  body,  by  which  the  phenomena  of  endosmosis 
and  exosniosis  were  Hrst  studied,  the  jilicnrmK'na  rcpresi'iit  imj>erfectly 
those  which  tiike  phice  in  the  living  organism.  The  property,  belong- 
ing to  an  animiil  ra«'inbrane,  of  determining  the  absor])tion  or  transu- 
Kation  of  Aarious  liquids,  depends  upon  its  organic  constitution  and  is 
xercised  in  the  greatest  intensity  during  life.  In  the  living  body,  all 
be  conditions  requisite  for  the  nets  of  endnsmosis  and  oxosmosis  are 
resent  in  a  higher  ilegree  th:m  is  possible  in  any  artificial  rxiieriraent. 
I  »'he  membranes  and  tissues  are  all  jx'rfectly  fresh,  and  nnaltered  hy 
cither  desiccation  or  putrescence;  the  extent  of  absorbing  surface  is 
indefinitely   multiplied    by   the   rcjicated   ramification   of  ihe  capillary 

N'  bloodvessels  or  the  glandular  tubes;  the  internal  tein]>eratnre  of  the 
body  is  maintained  at  a  i»oint  most  favorable  for  the  activity  of  etidos- 
paosis  ;  and  finally  the  continuous  movement  of  the  blood  and  the  I^'mph, 
in  theii  respective  vessels,  supplies  the  ingredients  for  a  constjuit  renewal 
!  ot  the  process  and  at  the  same  time  removes  the  accumulatiun  of  tlie 
I      transuded  material. 

In  the  living  body,  accordingly,  the  transudation  of  fluids  is  accom- 
plished with  groat  rapidity.     It  has  been  shown  by  Goeselin,  that  if  a 
1       wateiy  solution  of  potassium  iodide  be  dropjted  upon  the  cornea  of  a 
iving  rabbit,  tlie  iodine  passes  into  the  coniea,  aqueous  humor,  iris, 
8,  sclerotic  and  vitreous  body,  in  the  course  of  eleven  minutes  ;  and 
at  it  will  [winetr.ate  tlirough  the  cornea  into  the  aqueous  humor  in 
CO  minutes,  and  into  the  sid)stance  of  the  cornea  in  a  minute  and  a 
f.     In  these  experiments  it  is  evident  that  the  ioflino  actually  passes 
o  the  deeper  portions  of  the  eye  by  simple  cndosmosis,  and  is  not 
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transported  by  the  bloodvessels ;  since  no  trace  of  it  is  to  be  fonn<l  \n 
the  tissues  of  tlie  opposite  eye,  fxamiiR'd  at  tlie  same  time. 

The  sauie  observur  iins  sliowu  tlmt  the  iietive  principle  of  belladonna 
ponetrateg  the  tissues  of  the  eyeball  in  a  similar  manner.  He  applied  a 
solution  of  atropine  sulphate  to  both  tyes  of  two  rabbits.  Half  aa  Lour 
afterward,  the  pupils  werf  dilatt-d.  'I'hroe-quartors  of  an  hour  latrr,  th'' 
aqueous  huuior  was  collected  jiy  puncturing  the  cornea  with  a  trocar; 
and  tills  fluid,  dropped  upon  the  eye  of  a  cat,  produced  dilatation  and 
immobilily  of  the  pupil  in  half  an  hour.  These  facts  show  that  tbe 
aqueous  liumor  of  the  affected  eye  actually  contains  atropine,  which  it 
absorbs  from  witliout  through  the  cornea,  ami  wLieli  thus  aula  directlj 
upon  the  muscular  fibres  of  the  iris. 

But  in  all  ^•aflctdar  organs,  the  processes  of  cndosninsis  and  oxostnoeis 
ai'e  still  further  accelerated  by  two  important  coalitions,  namely-,  first, 
the  movement  of  the  blood  circulaling  in  tbe  vessels,  and  secondly,  the 
minute  dissemination  and  distribution  of  these  vessels  through  the 
tissues. 

If  a  solution  of  the  extract  of  nux  vomica  be  injected  into  the  buIktu- 
taneous  connective  tissue  of  the  hind  leg^  of  two  rabbits,  in  one  of  which 
the  bloodvessels  of  the  limb  have  been  left  free,  while  in  the  other  they 
have  been  previously  tied,  so  as  to  stop  the  circulation  of  blood  in  the 
part.,  in  the  first  rabbit  the  poison  will  Ix^  absorbed  and  will  pro<tuce 
convulsions  ancl  death  in  the  coiirse  of  a  few  niinntes;  but  in  the  second 
aaiwal,  owing  to  the  stoppage  of  the  local  circulation,  absorption  will 
be  retarded,  and  the  poison  will  find  its  w^ay  into  the  gcnernl  circulation 
eo  slowly,  that  its  specific  eflects  wilt  show  themselves  only  at  a  late 
period,  or  even  may  not  be  pro<hn:e<l  nt  all. 

The  [irocesses  of  exosmosis  and  enrlosraosis,  therefore,  in  the  living 
botly,  are  regulatwl  by  the  same  or  similar  conditions  as  in  artificial 
experiments;  but  they  take  ])lace  with  greater  rapidity,  owing  to  the 
movement  of  the  circulating  bloorl,  and  the  extent  of  contact  existing 
between  the  bloodvessels  and  adjacent  tissues.  Although  the  arterial 
blood  i»  everj'where  the  same  in  comiiositJon,  yet  its  different  ingredients 
are  iinbil>cd  in  varying  quantities  by  the  different  tissues.  And  tbe 
proportion  of  each  ingredient  is  determined,  in  each  .sejiarato  tissue,  by 
its  8i>ecial  absorbing  or  cndosmotic  power. 

Albumen,  under  ordinary-  conditions,  is  not  cndosmotic;  that  is,  it 
will  not  pass  by  transudation  through  an  animid  membrane.  For  this 
reason,  the  .alhumcn  of  the  bloml,  in  the  natural  state  of  the  circulation, 
is  not  exudeil  from  the  secreting  surfnees,  but  is  retaine<l  within  the 
vascular  system.  IJut  tbe  degree  of  pressure  to  which  a  fluid  is  Bub- 
jected  Las  an  influence  in  determining  its  endoamotic  action.  If  the 
pressure  uj)on  the  blood  in  the  eajullarj'  vessels  W  increased,  bj'  olv 
struction  to  tbe  venous  current  and  backward  congestion  of  the  capil* 
laries,  then  not  onl}'  the  saline  and  watery  parts  of  the  blood  pass  out 
in  larger  quantities,  but  the  albumen  itself  may  transude  and  infiltrate 
^the  nciglibomig  parts.     In  this  way  albumen  may  make  its  appearanca, 
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I  In  the  urine,  in  consequence  of  obstruction  U>  the  renal  circulation;  and 
locai  CBdema  or  general  anasarca  may  follow  upon  venous  congestion  in 
i}>articulai'  regions,  or  upon  general  distuibtinco  of  the  circulation. 
The  Lymph  and  Chyle. 
',     The  lymph  is  the  fluid  whicli^  havin;;  Ixiun  alisorlHid  from  the  various 
tissues  and  urgani^  of  the  body,  i^  carried  through  the  system  of  lyra- 
plinlic  vessels  towards  tlie  centre  of  the  circulation  ami  is  finally  dis- 
charged, by  the  thoracic  and  riijlit  lymphatic  ducts,  into  the  great  veins 
^■lear  the  heart.     As  the  chyle  is  simply  the  fluid  of  the  mesenteric  lym- 
"Ijhatics,  which  assumes  an  opaque  wliiti-  color  during  digestion  owing 
to  tiie  absorption  of  fat,  it  is  pro[)crly  studied  at  the  same  time  with 
the  lvni|th  in  general.     The  lymph  has  been  obtained,  fur  the  purpo-se^ 
^ofexatui nation,  from  the  living  animal,  b}'  introtlucing  a  silver  canula  of 
)roper  size  into  the  thoracic  duct  at  the  root  of  the  neck,  or  into  large 
'13  injihatic  trunks  in  other  part*  of  thi'  Ixidy.     It  was  obtained  by  Rees 
from  the  laeteals  of  the  mesentery  and  from  the  lymphatics  of  the  leg 
^Hn  the  ass,  by  Colin  from  the  lacteals  and  thoracic  duct  of  the  ox,  and 
^*frnin  the  lymphatics  of  the  neck  in  tlie  horse.     We  have  obtained  it 
i'^l^m  the  Ihorai-ic  dnct  botli  of  the  <log  and  the  goat. 

l^hyxiiiiL   Chnravlt'i-H  and   Compoftifion  0/  (he   Lyrnjih. — The  lymph, 

I  thus  olttaine<l  from  the  thoracic  duct  in  the  intervals  of  digestion,  is  an 
bpaleacent  or  nearly  transparent,  alkaline  fluid,  usually  of  a  light  amber 
polor,  and  having  a  sj>eeifie  gra\  ity  of  HyZ'2.  Its  analysis  shows  a  close 
^semblancH  in  composition  with  the  plasma  of  the  blood.  It  contains 
■water,  fibrinc,  albumen,  fatty  matters,  and  the  usual  saline  suhstances 
of  the  animal  fluicls.  It  is,  Irowever,  decidedly  goorer_Jn  albmijitioug- 
ingre<llentf5  than  the  blood.  The  following  is  an  analysis  by  Lassaigue,' 
of  the  duid  obtained  from  the  thoracic  duct  of  the  cow: 

CoMPosirmN  or  thb  Lthph. 

Water .964.0 

Fibrine 0.9 

Alhumen 28.0 

Fat 0.4 

StKiiiiiii  fihlni-idp 6.0 

Sodium  ciirlinimto  j 

Snibiim  phnsphiilc  > 1.2 

8<»«tiuH)  sulphntf     ) 

Lime  phoepUate 0.5 

1000.0 

Jwing  to  the  fibrine  rontnined  as  an  ingrt'dient  in  the  lymph,  this  fluid 
jagnlates,  like  bhutd,  within  a  ffw  momenta  after  its  removal  from  the 
emphatic  vessels  in  tlie  living  animal, forming  a  gelatinous  moss  which 

In  Cohii.  Fhysjolngie  couipurie  dca  Auitiiuux  domcatiques.  Paria,  1856, 
>tne  ii.  p.  111. 
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i8  more  or  less  colorless  and  transijarent,  or  wliitish  and  opaque»accopi.l- 
ing  to  the  proportion  ul'  latly  matter  present  in  the  specimen.  After 
coagfulittioii,  it  st^parates  into  a  linuid  sermu  and  a  solid  clot,  precisely 
as  in  tlie  ease  of  blorxj. 

It  thus  appears  tlrat  both  fibrine  and  albumen  are  either  formed  in  the 
interior  of  the  lym|*hatit!  syntein,  or  transude  to  a  certain  extent  from 
the  bloodvensfls,  even  in  the  uniiuary  eonrlilioii  of  the  circulation.  If 
so,  this  transudation  takes*  jilaee  in  so  email  quantity  that  the  albnuii- 
nous  mattera  are  all  taken  up  by  the  lymphatic  vessels,  and  do  uoi 
ajjpear  in  the  excreted  fluids. 

When  lyniiih  is  dniwrr  from  tlie  thoracic  duct  and  allowed  to  congti- 
late,  the  clot  alter  a  few  nionjeuts  almost  invaiialily  assunier*  a  dec«de<l 
pink  color,  and  on  miero8cu|)ic  examination  is  found  to  contain  a  very 
feiv  red  blooil-glohnlea,  The  presence  of  these  globules  is  attributeil  by 
some  eom[>etetit  authorities  (Kolliker,  Hoidn)  to  the  accidental  rupture 
of  capillary  Itloodvi-sseb  and  consequLiit  iutroflueliua  of  their  contents 
into  the  lyraphaLic  syateni ;  hut  their  occurrence  is  eo  constant  that  iti 
must  be  doubted  whether  they  have  altogether  an  accidental  origin.^ 
The  pinkisli  color  of  (he  lymiih  under  theae  cii'cu instances  is  never  [per- 
ceptible when  it  is  first  drawn  from  the  vessels,  but  only  afler  it  baa 
been  fur  a  short  time  exposed  to  the  air. 

An  important  peculiarity  in  regard  to  the  flnid  of  the  lymphatic 
system,  especially  in  the  caruivoious  animids,  is  that  it  varies,  both  in 
•ippearauee  and  constitution,  at  ilifferent  times.  In  tlie  ruminating  and 
graminivorous  animals,  as  the  sheep,  ox,  goat,  and  horse,  it  is  either 
opalescent  with  a  slight  amtier  tinge,  or  nearly  transparent  and  color- 
less. In  the  carnivorous  animals,  as  the  dog  and  cat,  it  is  also  opaline 
and  amber  colored  in  the  intervals  of  digestion,,  but  soon  after  feeding 
becomes  of  a  dense,  opaque,  milky  white,  and  continues  to  present  that 
appearance  until  digestion  and  absorption  are  complete.  It  then  regains 
its  original  nsiiect,  and  remains  opaline  until  digestion  is  again  in  pro- 
gress. 

The  results  of  analysis  show  that  tliis  variation  in  the  appearance  of 
the  fluid  of  the  thoracic  duct  during  digestiiui,  like  that  of  the  bloo«l,  is 
due  to  the  absorption  of  fatty  matters  from  the  intestine.     Although 
the  chyle  is  rich*'r  than  lymph  in  nearly  all  its  solid  ingreflients,  the 
])rincii>al  diticrence  Ifctweeii  the  two  consists  in  the  proportion  of  fat, . 
which  is  nearly'  absent  from  the  transparent  or  opaline  lymph,  but  very] 
abundant  in  the  white  and  opaque  chyle.    This  is  shown  in  the  following] 
analysis  by  Dr.  Rees,'  of  lymph  and  chyle  fnmi  the  ass. 


^  In  Colin,  Phjsiulogie  compar^e  dea  Auiiaaux  domeslique. 
ii.  p.  18. 
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CoHPARATiVR  Analtsm  OP  Lyvph  anh  Chtlr. 

Lymph.  Chyle. 

Water 9C5.36  90-2.37 

Albumen 12.00  36.16 

Fibrine 1.20  3.70 

Spirit  extract 2.40  3.32 

Water  extract 13.19  12.33 

Fat traces  3G  01 

Saline  matter 5.8.5  7.11 

lOllD.flft  1000.00 

When  a  canula,  accordingly,  is  introduced  into  the  thonicic  duct  at 
VJiriou«  pfTiods  atlcr  foodiiig,  the  fluid  disehargfd  vurtt's  considerably, 
l»otU  in  ajijiearaooii  and  quantity.     In  th*?  <log,  tli»i  fluid  of  thf  ttionuac 
duct  is  never  quite  trauspariMit,  but  retains  a  marked  oiinline  tinge  even 
80  late  as  eighteen  hours  after  I'eediiig  upon  lean  iiieat,  and  at  least  tlirce 
days  and  a  half  after  the  introtluetion  of  fat  food.     Soon  after  fee<ling,  it 
becomes  wlultsh  and  opaque, and  ho  remninf?  while  digestion  nnd  absorp- 
tion are  in  progress.     After  the  termination  of  Ihisj  process  it  resumes 
I      its  former  Hp{)earance,  becoming  light  colored  an*]  opalescent  in  tUe  car- 
nivorous animals,  and  nearly  eolorless  and  transparent  in  the  herbivora. 
The  Lyntph  (Jlobult'n. — TUe  lyuipti,  whatever  nruy  be  its  other  ingre- 
dients, contains  nearly  always  a  greater  or  less  abundance  of  rounded, 
transparent,  or  finely'  granular  nucleated  cells,  similar  to  tfio  white  glo- 
bules of  the  blood,  whieh  are  known  as  t!ie  "lymph-globules."     They 
vary  in  size  from  aiiout  6  in  1'2  mmm.  in  diameter.     By  treatment  with 
dilute  acetic  acid  they  become  pole  and  transj)arent ;  while  partial  desic- 
cation, or  the  contact  of  a  concentrated  saline  or  saccharine  solution, 
gives  them  a  shrivelled  api>earance  with  an  irregular  outline.     Accord- 
ing to  the  observations  of  KolUker,  the  lymph-globules  vary  much,  Ixith 
in  number  and  in  size,  according  to  the  part  of  the  lymphatic  system 
^^rom  which  the  fluid  is  taken.     In  the  smallest  lymphatic  vessels  of  the 
^^pesentery  capable  of  examination,  they  may  even  be  altogether  absent, 
^the  lymph  consisting  of  a  perfectly   homogeneous  fluid,  Uft  holding 
^HTiy  anatomical  fomis  in  suspension ;  and  in  tlie  lymphatics  where  they 
^^pst  begin  to  show  themselves,  they  are  few  in  number  nnd  of  less  than 
^^Bie  aver;ige  size.     After  the  lyrapli,  however,  has  traversed  one  or  two 
^^^nges  of  lympiiatic  glamls,  tlie  globule*"  are  larger  and  unjre  numerous, 
inatiy  of  them  in  the  larger  lymphatic  trunks  attaining  the  size  of  12 
mmm.  in  diameter.     From  this  cireiimstance,  as  well  as  from  the  micro- 

(acopic  texture  of  the  glands  themselves,  it  is  concluded  that  the  lyraph-A 
gloliules  originate,  in  great  part,  in  the  interior  of  the  lymphatic  glandsy 
and  that  they  are  Immght  thence  bj'  the  current  whieh  traverses  the 
lymph-paths  in  the  sultstance  of  the^e  organs. 

ifovf-mfnt  of  Ibe  Fluids  in  the  Lymphatic  Si/fiteTn. — The  movement 

of  the  lymph  in  the  lymphatic  vessels  ditfers  from  that  of  tlie  blood,  in 

ie  important  particular  that  its  course  is  always  In  one  direetton^ 
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namely,  from  the  peripliery  towanl  the  centre.  The  diiids  taken  up  by 
the  !ym])!iatie  e:ip".Ilark-8  ore  colkcled  iuto  tlie  hirgur  liraiichcs  aii<l 
ttiiiiks,  ami  by  Ihem  couduftod  I'rum  witliout  Luwurd  toward  the  heart. 

TLiL'  physical  cause  of  the  continuous  movement  of  the  Ijonph  is  pri* 
marily  ilic  force  of  endosmoi^ts  acting  at  tlio  confines  of  the  lyrapha^io 
system.  As  the  volume  of  fluul  actuinulati'S  in  an  cudosmometer,  in 
such  a  mannLT  as  to  rist-  perceptibly  in  the  upright  tube,  bo  the  lymph 
/  aecimiulates  by  the  force  of  absorption  in  the  lymphatic  capillaries,  and 
\  thence  fills  the  larger  vessels  of  the  system.  It  is  evident  that  the 
pressure  of  Jtuids  in  a  partieular  direction,  due  to  the  force  of  eudo»- 
uiosis,  may  be  very  consickTaJjle,  since  it  is  sometimes  sufficient,  asj 
already  siiown,  to  burst  the  shoU-membrane  of  a  fowl's  egg  when  plac 
in  contact  with  water.  As  this  pressure,  in  the  lympliatic  system,  it 
alwiiys  directed  from  without  inward,  and  as  the  main  lympliatic  truuk^j 
fninlly  terminate  in  the  veini>,  the  result  is  a  niiifonn  movement  of  thej 
lymjili,  from  the  periplieral  parts  of  the  vudous  organs  aJid  tissueftj 
toward  tlie  centre  of  the  circulation. 

The  movement  of  the  l^iiiph  is  also  aided  by  several  secondary  causes.  I 
As  tliese  vessels  are  provided  with  valves,  even  more  abundantly  than 
the  veins,  the  alternate   contraction  and  relaxation  of  the  voluutaTyj 
muscles  in  tbe  limbs  ,nnd  trunk  must  fiicilitate  considerably  the  passage] 
of  their  fluids  in  an  inward  direction.     The  action  of  the  heart  and  artt«-i 
ries  also  contributes   indirectly  to  this   result.     As  the  tiioracic  duet 
piujses  upwartl  tlirough  the  cliest,  it  crosses  the  median  liue  obliquely 
from  right  to  left,  passing  between  the  spinal  column  and  theaorta ;  bo 
that  at  each  |>ul8:ttion  of  the  aorta  it  in  coni])rea9ed,  and  its  contents 
urged  toward  its  upjier  extremity.     This  etfcct  is  often  very  visible  when 
a  canula  is  inserted,  in  the  living  animal,  iuto  tlie  thoracic  duct  at  the] 
root  of  the  neck.     Under  these  circumstances  we  have  frequently*  seea] 
tlie  Ijraith  j>rojected  from  the  extremity  of  tbe  canula  in  a  distinct  jot] 
at  each  cardiac  pulsation,  owing  to  the  momentary  pressure  from  the  [ 
distended  aorta. 

Lastly,  the  thoracic  movements  of  respiration  take  part  in  mnint.nin-j 
ing  the  fluw  of  lymph.     At  each  inspiration  the  resistance  in  the  inte- 
rior of  the  chest  is  dimini^ihed,  and  the  lymph  passes  more  readily  from 
below  into  tbe  thoracic  duct;  at  each  expiration  the  duet  is  subject* 
to  corapressiou,  and  is  thus  emptied  of  its  fluids  in  a  direction  towai 
its  junction  with  the  veins.     The  influence  of  the  respiratory  moi 
ments,  in  a  reversed  form,  may  ofttn  he  seen  in  animsds  poisonetl  by 
woorara,  where  artificial  re«|iiratiou  is  kept   up  tlirough  the  trachea. 
Jf,  in  such  an  animal,  a  canula  be  inserted  into  the  thoracic  duct  at  the 
loot  of  the  neck,  the  flow  of  lymph  from  its  open  extremit}'  is  |)erce|j-j 
tibl}'  increawed  at  ench  forciblo  insiifllation  ol  the  lung,  since  this  pro-' 
duces  more  or  less  pressure  U[>on  the  thoracic  duct  in  the  cavity  of  the 
chest. 

Of  these  different  physical  causes  of  the  lymph-current,  the  first  alone, 
namely,  the  endosmotic  fiction,  is  entirely  uniform  and  continuous.    Thej 
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Dlhers  are  all  liitonnitlciit  in  their  n  el  ion,  and  dtpeml  for  their  efll- 
ciency  upon  the  existence  of  valves  in  the  lynipiintic  vessels.  la  a 
set  of  vessels  |)rovi«lc<i  with  surh  v.ilvea,  opening  forwaH  and  shutting 
linckward,  any  force  which  nluriuiti-'ly  compresses  and  releases  them 
will  necessarily  cause  the  duida  which  Ihey  contain  to  move  in  a  deflnito 
direction.  The  mechanical  forces  above  euninerated  are  more  or  less 
constantly  active,  and  in  jKHiit  of  fact  exercise  a  considerahK-  iiifluL-neo 
in  producinff  an  incessai,  t  transi>ortation  of  tiie  lympii  from  the  peri- 
plury  to  the  centre. 

Total  Daily  QuanHty  of  the  Lymph  and  Chyle, — The  quantity  of 
fluids  discharged  from  the  tlioracic  duct  witliin  a  given   time  varies 

.'ortling  to  tlic  condition  of  abstinence  or  digestion.  In  tlic  fasting 
condition  it  is  coraparatively  moderate,  but  l>ecouies  more  abundant 
soon  after  tlie  coniniiiieemtnt  of  <liijestiou,  lo  diminisih  again  during 
the  UVfit  stages  of  the  jirix^css.  We  have  found,  at  varitiais  periods  after 
feeiUng,  in  the  dog,  tlie  following  quantities  discharged  i>er  hour,  for 
every  thousand  paits  of  the  bodily  weight  of  the  animal: 

Hourly  QcANTrriKs  of  Lymph  Axn  Cirvi.R  in  the  Doo, 

PKR  TnOlSAND  FARTS  OF  BOUILT  WEIGHT. 

3^  bours  after  fcetliag 2.45 

7 'l.'iQ 

13        "        "        " 0.99 

18 1.15 

18^      ' 1.99 

It  would  thus  appear  that  the  hourly  quantity  of  tliese  fluids,  after  di- 
minishing during  Xhv  latter  stages  of  digestion,  increases  again  .somewhat 
about  the  eigliteenth  hour,  though  still  considerably  less  abun<h\nt  than 
while  digestion  is  in  active  progress.  It  is  ])rubable  that  this  increaso 
at  the  two  periods  indicated  is  owing  to  twodillereut  causes.  Tlie  fluid 
obtained  in  gi'catest  abiimlance  in  the  dog,  in  from  3  to  1  hours  after 
feeding,  is  quite  white  and  opaque,  an<l  its  increase  in  qoantity  is  evi- 
dently due  to  the  adinixliire  f)f  chyle  absorbed  from  the  intestine.  That 
obtained  so  tate  as  the  ciglitcenlli  hour  is  simply  opaline,  or  niure  nearly 
tr;insparciit,  ami  is  composed  of  lymph  alone.  The  alisor]>tion  of  ch3le, 
therefore,  takes  place,  of  course,  while  digestion  is  in  progress;  but  the 
most  almndadt  production  ol  lymph  oociirs  some  hotirs  later,  after  the 
materials  tif  nutritimi  hav  ?  reached  and  pcrraeated  ttic  tissues  themselves. 

The  entire  daily  quantity  of  lymph  and  chyle  is  found,  by  direct 
observation,  to  be  much  larger  than  woukl  be  antici|>ated.  In  two 
exiJeriments  u]ion  the  horse,  extending  over  a  period  of  twelve  hours 
eacli,  Colin'  obtained  from  the  thoracic  duct  in  this  animal,  on  the 
average,  85)3  grammes  ol  lluid  per  hour,  which  would  amount  to  rather 
mure  than  20  kilogrammes  [ler  da}'.  In  the  ruminating  animals,  accord- 
ing lo  the  same  observer,  the  quantity  ia  still  greater.     In  an  onlinory 

*  Pbjsiologic  compar^e  des  Auiinaux  domc»tique«.    Puria,  1856,  tnmc  ii.  p.  106. 
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sized  cow,  the  emallest  quantity  obtaiiierl,  in  an  expcriraont  extemling 
over  a  period  of  tivelve  hours,  was  625  grammes  in  liltecn  minutes;  that 
Ih,  2500  grammts  jkt  liour,  or  CO  kilogruniraes  per  tlay.  In  another 
experiment  with  a  3"oung  Imlt  weighing  185  kilogramtnes,  he  Hctuallj 
withdrew  from  the  thoracic  duct  in  the  course  of  twenty-four  hour.^, 
kilofframmes  of  lymph  and  chyle,  representing  a  little  more  than  8 
cent,  of  the  entire  bodily  weight  of  the  anini:iL 

We  have  ohtnineil  simihvr  resxdts  from  exjieriments  upon  the  dog  an<l 
goat.  In  a  j'oung  kid  weighing  6.3fi  kilogrammes,  we  have  ohtaineU 
from  the  tlioracic  dnet  122.5  grammes  of  lymph  in  three  hours  and  a 
hnlf.  This  quantity  reprcsciitd  35  grammes  per  hour,  and,  if  continued 
throughout  the  da}-,  wuuhl  umuunt  to  640  grammes,  or  fully  10  per 
cent,  of  the  entire  bodily  weight.  In  the  dog  the  fluids  discharged  from 
the  thoracic  duct  are  less  abnmlant.  The  avemge  of  all  the  results 
obtained  by  us,  in  this  animal,  i>t  different  periods  after  fee<ling,  gives 
very  nearly  four  and  a  half  per  ceut.  of  the  IxHlity  weight,  as  the  to' 
daily  cpuiiitity  of  lymph  and  chyle.  This  is  sul^stautially  the  eams. 
result  as  that  obtained  by  t'oliii  in  the  horse;  and  fur  a  man  weigh- 
ing 65  kilogrammes,  it  would  be  equivatent  to  about  3000  grammes 
of  lymph  and  chyle  I^er  ilay.  Tint  this  quantity  represents  lioth  the 
products  «>f  lyiiiijhatic  transuthvtion  and  those  of  intestinal  alisorption 
taken  together.  An  estirante  of  the  totid  amount  of  tlic  lymph  alone 
must  l>e  bnsed  upon  the  quantity  of  flui<l3  passing  through  the  thoracic 
duct  in  the  intervals  of  digestion,  whi-n  no  chyle  is  being  taken  up  from 
the  nliraentar}'  canal.  In  the  dog,  as  shown  by  the  experiments  quoted, 
above,  the  nven»ge  quantity  obtaine<l,  from  the  thirteenth  to  the  eigh- 
teenth or  nineteenth  hour  after  feeding,  when  intestinal  absorption  had 
come  to  an  enil,  was  about  I.-'IO  jwr  thousand  parts  of  the  bodily  weight; 
or,  for  the  whole  twenty-four  hours,  a  little  over  3  per  cent,  of  the  Ixxlily 
weight.  For  a  man  of  medium  size,  this  would  give  not  fiu"  from  2000 
grammes  as  the  average  daily  quantity  of  lymph  aloue. 

Internal  Renovation  of  the  A»rwal  Fhtidn By  the  combined  actions 

of  secretion,  transudation,  and  rcnbsorption,  a  continual  interchange  or 
renovation  of  the  animal  fluids  takes  place  in  the  living  body,  which  is^^ 
depen(h'nt  for  its  materials  upon  the  circulation  of  the  blood,  and  whieh^H 
may  be  ccinsidcrcd  as  a  kind  of  secondary  circulation  through  the  sub- 
stance of  the  tisaups.  For  all  the  digestive  fluids,  as  well  as  the  bile  ^^^ 
discharged  into  the  intestine,  are  reabsorlied  in  the  natnrrd  process  of  ^H 
digestion  nnd  again  enter  the  current  of  the  circulation.  These  flulds,^^ 
therefore,  pass  ajul  n'i>as9  through  the  mucous  membrane  of  the  alimen- 
tary canal  and  adjacent  glands,  becoming  more  or  less  altere<l  in  con- 
stitution at  each  passage,  but  still  serving  to  renovate  alteniatcly  thi 
constitution  of  the  blooil  and  tlie  ingredients  of  the  digestive  RecretioDa»J 
The  elements  of  the  blootl  itself  also  transude  in  part  from  the  capillary; 
vessels,  and  are  agiun  taken  up  from  the  tisanes  by  tlie  lymphatic?^ 
to  be  finally  restored  to  the  venous  blood,  in  the  itumediate  neighbor* 
hood  of  the  heart. 
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The  daily  quantity  of  all  the  fluids  thus  transuded  and  reabsorbed 
-vrill  serve  to  indicate  the  activity  of  endosmosis  and  ezosmosis  in  the 
living  body.  In  the  following  table,  the  quantities  arc  all  estimated, 
from  preceding  data,  for  a  man  of  medium  size. 

Total  Qdamtitt  or  Fluids  Tbansudbd  and  Rkabsorbrd 

DURING  TWENTY-FOUR  HOURS. 

Saliva 1300  grammes. 

Gastric  joice 3000 

Pancreatic  jaice 800       " 

Bile 1000 

Lymph 2000        " 

8100 

Not  less  than  8000  grammes  therefore  of  the  animal  fluids,  a  quan- 
tity equal  to  that  of  the  entire  blood  and  amounting  to  more  than  12 
per  cent,  of  the  weight  of  the  whole  body,  transude  through  the  internal 
membranes  and  are  restored  to  the  blood  by  reabsorption,  in  the  course 
of  a  single  day.  It  is  by  this  process  that  the  natural  constitution  of 
the  parts,  though  constantly  changing,  is  still  maintained  in  its  normal 
condition,  through  the  movement  of  the  circulating  fluids  and  the 
renovation  of  their  materials. 


The  urine  is  distinguisbcd  from  all  the  other  ariimal  ttiiitis  by  tbeia? 
that  it  repri'SfctitM  only  the  jirodncts  pj"  thi^waste  or  pliysiologicftt  disintt*- 
^ration  of  the  body.  The  living  bodj',  while  in  the  active  iMfrformaDce 
of  its  functions,  is  the  seat  of  various  manifestations  of  force,  such  aa 
ainiuiil  heiit,  sensibility,  and  motion,  which  are  the  indicntioiis  of  its 
vitality-  These  manifestations  of  force,  in  the  living  organism,  as  well  as 
eLsewhere,  are  only  produced  at  the  ex|M.'n3e  of  its  materials,  and  by  their 
change  of  8tat«  or  metamorphosis  iti  the  internal  process  of  nutrition. 
It  is  ucconlinply  an  essential  condition  of  the  existence  and  activity  of 
the  animiii  boiiy  tlial  it  should  ^u  thrunu;h  with  an  incessant  transfor- 
mation and  renewal  of  its  component  parts.  Every  living  being  absorbs 
more  or  less  eonalnntlj'  certain  nutritive  materials  from  without,  which 
are  modified  by  assimilation  ami  converted  into  the  natural  inj^redienU 
of  its  tissues.  At  the  same  time  with  this  continuous  process  of  growth 
and  suiJply,  there  goes  on  an  equally  continuous  change,  by  which  the 
elements  of  the  organized  frame  pass  over  into  new  forms  of  comhi- 
nation,  destined  to  be  exiiellod  from  the  body  as  the  products  of  Its 
disintegration. 

CerUiin  substances,  therefore,  are  constiintly  making  their  ajijiearanoe^ 
in  the  animal  tissues  tuid  fluids,  which  were  not  inlroducetl  witli  the  food, 
but  wliicli  have  been  pro<Uiced  in  their  interior  by  the  process  of  eon- 
tinuetl  nietauioi'ijhosia.  These  snlistances  result  from  the  new  ctjmbina- 
tions  taking  place  in  the  organized  frame.  They  are  the  forma  under 
which  those  materials  pn^sent  themselves  which  have  once  made  part 
of  the  nninnd  tissues,  but  which  have  become  altered  by  the  incessant 
chiHi^i's  cliaiacteristie  of  living  beings,  an«l  which  lire  consequently  no 
longer  cajmble  of  exhibiting  vital  jn-uperties,  or  of  aiding  in  the  per- 
formance of  the  vital  functions.  The  i)rocess  of  tlie  elimination  and 
removal  of  these  materials  is  called  exn-ftion^  and  the  materials  them- 
selves are  kiH>wn  as  the  rxrrempnfitintis  subfitavres. 

These  substances  have  [wculiar  diaracters  by  which  they  are  distin- 
guished from  other  ingredients  of  the  living  body.  They  are  crystal- 1 
lizalile  and  for  the  most  part  soluble  in  water,  at  least  in  the  form  under 
wliieli  they  appear  in  the  excreted  fluids.  They  are  formed  in  the  blood 
or  in  the  substance  of  the  tissui-s  from  which  they  are  absorbed  by 
the  blood,  and  are  conveyed  by  the  circuhiting  fluid  to  the  excretory 
organs  through  winch  they  are  discharged.  If  their  elimination  from  the 
bo<ly  be  in  any  way  arresterl  or  impelled,  their  accuraulation  in  the 
system  iinwlitces  a  disturbance  of  the  vital  functions,  which  is  more  or 
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leas  severe  according  to  their  special  character  and  the  rnpidity  of  their 
production.  This  poisonous  inHucncc  Is  esix-oially  mjitiifeste<l  in  its 
action  upon  the  nervous  s\*atein,  causing  an  abnormal  irritability,  de- 
rangement of  the  8j>eciiil  senses,  delirium,  insensibility,  coraa,  and  death. 
These  efl'ects  are  nrnre  particularly  tiviirked  in  the  case  of  urea  after 
suppression  of  thu  urine;  a  complete  stoi)p!ige  of  the  elimination  of  this 
substance  in  the  human  subject  usually  producing  a  fatal  result  in  three 
or  four  days. 

The  excrementitious  matters,  however,  are  not  to  be  considered  as 
poisonous,  or  even  d^'leterious,  in  the  quantities  in  which  they  normally 
occur  in  the  animal  solids  and  fluids.  On  the  contrary,  they  are  the 
natural  products  of  the  functional  activity  of  the  animal  system,  and 
are,  therefore,  as  cssentiid  to  the  continued  matiifestation  of  life  as  the 
nutritious  materiaU  supplied  by  the  food.  It  is  oidy  when  the  regular 
course  of  their  elimination  is  retarded  that  tliey.  interfere  with  the  due 
performance  of  the  functions,  by  deranging  the  natural  constitution  of 
,  the  tissues. 

H  A  variet}-  of  excrementitious  substances  are  produced  in  the  body, 
^r>me  of  whieh  are  probably  uliminated,  in  small  pro[>ortion,  with  the 
perspiration  or  with  the  feces.  The  carbonic  acid,  eihaled  in  large 
qujuitity  from  tlic  lungs  is  to  be  regarded  as  belonging  to  this  class, 
since  it  is  produced  in  the  substance  of  the  tissues  and  constantly 
dischargefl  by  respiration.  But  the  most  im])ortftJit  substances, 
usually  included  under  the  head  of  eicrenicntitious  mutters,  are  flistin- 
guished  by  the  fact  thut  they  contain  nitrogen  as  one  of  their  ultimate 
elements,  and  that  they  otherwise  exhibit  a  reuiarltalile  analogy-  with 
each  other  in  their  chemical  composition.  They  accordingly  form  a 
natural  group  of  organic  substances,  resembling  each  other  in  their 
origin,  their  constitutiDn,  and  their  jih^'siological  destination.  Tht-y  are 
furthermore  associated  together  by  the  circumstance  that  they  are  all 
eliminated  from  the  boHy  by  the  urine,  of  which  they  form  the  essential 
and  characteristic  ingrerlients. 

The  urine  is  therefore  the  only  animal  fluid  which  is  solely  an  excre- 
tion. (Jt  is  a  soluti<jn^t)f_the  nitrogenous  excrementitious  matters  of  the 
animal  frame ;  and  by  its  abundance  and  composition  it  indicates  the 
activity  of  the  healthy  metamorphosis  o(  the  organic  tissues  and  fluids. 
Beside  its  nitrogenous  ingredients,  it  contains  also  most  of  llie  fflijiiiral 
salts  which  aredi»eharge<l  from  the  body ;  and  by  the  water  which  holds 
tiiese  solid  matters  in  solution  it  forms  the  channel  for  a  large  propor- 
tion of  the  fluids  passing  ilaily  through  the  system.  Furthermore,  acci- 
dental or  abnormal  iiigrcdicnia,  introduced  into  tlie  blood,  almost 
invariably  find  their  way  out  of  the  system  by  the  kidneys,  and  thus 
apijeai  as  temporary  ingrwUents  of  the  urine.  The  constitution  and 
physiological  variations  of  this  fluid  during  health,  and  its  alteration 
in  disease,  are  regulated  l\v  the  corresponding  changes  of  nutrition  or 
aelivlt_\'  in  the  body  at  large.  The  urine  is  thereft^re  one  of  the  most 
eshential  proilncts  of  the  uniuial  system,  and  its  formation  is  second 

importance  only  to  the  function  of  respiration. 
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Phpical  Properties  of  the  Urise. 
The  urine  is  a  clear,  aiuber-coloreti  fluid,  of  a  watery  consistency,  aad 
Willi  a  iliatiriclly  at'id  reaction.  As  a  general  rule,  its  transparency  is  so 
nearly  [lerfect  that  no  appeaniiiee  of  turl>iility  is  perceptible  by  ordinary 
dilliised  diiyitglit,  it  euntjiins,  however,  a  very  small  quantity  of 
mucus  fnmi  tijc  uiinary  bladder,  wbicb  may  be  rendered  visible  as  a 
laint  opalescence  when  a  sunbeam  i^  made  to  pass  through  it  in  a  lateral 
dirwtiun.  If  the  urine  be  idlowed  to  remain  at  rest  for  a  few  hours  il 
a  cylindricai  glass  vessel,  the  mucua  graiUially  subsides,  forming  a  ver 
light  cloudy  mass  at  the  bottom  and  leaving  the  stijiernatant  fluid  en- 
tirely clear.  The  ingredient3  of  the  urine  itself  are  all  therefore  in  i 
state  of  complete  solution.  While  still  wsirm  suid  fresh,  the  urine  has  a 
peculiar  but  not  otreiisive  odor,  which  disappejira  on  cooling  and  may 
be  then  restored  by  gentle  heating.  The  avernge  s|)ecific  gravity  of^ 
healthy  urine,  in  the  adult,  is  from  1020  to  1025  ;  and  its  daily  quantit] 
is  about  1200  cubic  cenU metres. 

Variatio}is  of  thf  Urint^  in  QuaiiHh/^  Acidity^  and  Specific  Oravity 
li — -The  urine  does  not  [iresent  uniformly  the  same  characters,  but  varies 
normally  from  hnur  to  hour,  in  each  iudiviilual,  ni  dilferent  periods  otj 
the  day.     It  is  usually  discharged  from  the  bladder  five  or  six  times  1] 
the  twenty-four  hours,  and  eacli  specimen  slictws  more  or  less  variatioul 
in  its  ]>hysical  projierties.     This  variation  depends  upon  the  changing 
conditions  of  the  body,  as  to  rest,  exercise,  foml,  drink,  sleeping,  And 
waking.     In  the  same  person,  leading  a  uniform  mtxle  of  life  from  daj 
to  tluy,  the  diurnal  variations  of  the  urine  follow  each  other  with  grea^ 
regularity;  although  in  diHererit  }>erson9,  whose  habits  are  different,  tliej 
may  not  be  altogether  the  same.     Asa  general  rule,  the  urine  whiti 
collects  in  the  bladder  during  the  night  and  is  first  ilischafged  in  the 
mfjrniiig  is  strongly  colored,  of  high  specific  gravity,  and  has  a  very 
distinct  acid  reaction.     That  passeti  during  the  forenoon,  on  the  other 
hand,  ia  pale  and  of  comparatively  low  specific  gravity;  often  falling 
BO  low  as  1018  or  even  1015.     At  the  same  time,  its  acidity  diminishes 
or  even  di^iappoara  altogether  ;  bo  that  at  this  time  in  the  day  the  urine 
is  frequently  neutral  or  slightly  alkaline.     Toward  noon,  its  density  and 
depth  of  color  increase,  and  its  acidity  returns.     All  these  profiertie 
become  more  strongly  market!  during  the  afternoon  and  evening ;  nnd 
toward  niglit  the  urijve  is  again  d4'e|>Iy  colored  and  strongly  acid,  and 
has  a  specific  gravity  of  1028  or  1030. 

The  folk>wiug  instances  will  serve  to  show  the  general  characters  of 
this  variiition : 

Observation  Firbt.     March  'Kith. 

Urine  of  Isl  diseliargi*.  acid,        ep.  gr.  1025. 

•2.1  •■  alkatiiie,      "  1015. 

3d  "  neutral,       "  1018. 

•'       4th  "  acid.  "  1018. 

5th         "         acid,  "  1027 
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Observation  Sbcond.     March  'lint. 
Uruje  of  l8t  dificbarg€,  acid,         sp.  gr.  10'i9. 


2d 

neutral, 

1022. 

3d 

neutral, 

10211. 

4th 

acid, 

1027. 

5lh 

acid, 

1030. 

These  variations  do  not  alwaj's  follow  a  perfectly  regular  course,  since 
they  afe  liable  to  temporary  nnxliflcation  from  jiociiicntal  causes  during 
the  day,  but  tbeir  goncnil  tendency  (/orrespontls  with  that  given  above. 

The  acidity  of  tbc  urine  is  also  liable  to  vary  from  tcinpofary  causes, 
owing  to  the  introduction  of  org.anic  substances  with  tbe  food  wbich 
give  rise  to  alkaleeceuce  in  the  animal  fluids.  The  salts  of  the  organic 
acids,  such  as  ti»e  lactales,  acetates^  tnalalfit^  and  tartraft'.^  wiicn  taken 
into  tbe  stomach  and  absorbed  by  the  circulation,  arc  rcj^laced  by 
carbonates  of  the  same  bases,  and  appear  umlcr  thtit  form  in  the  urine. 
When  these  salts,  or  the  fruits  and  vegetables  wliieh  contain  thorn,  are 
taken  in  large  quantity,  tl»e  urine  l>ecome8  alkalijie  frum  llie  presence 
of  the  civrbonates.  The  use  at  summer  fruits,  tlHTi-rmv,  tliuugb  tliey 
may  have  an  acidulous  taste,  is  followed  by  nlkak'St^ence  of  the  urino. 
Tlie  elfeet  thus  produced  msy  be  manifested  in  a  very  sliort  time; 
according  to  the  observations  of  Lelimatm,  the  urine  sometimes  liecom- 
ing  alkaline  witliin  a  qunrter  of  an  hour  after  taking  a  little  over  15 
grammes  of  HO*lium  ncetate. 

It  is  evident,  therefore,  that  when  the  specific  gravity  or  tbe  acidity 
of  the  urine  is  to  be  tested,  eitlier  in  health  or  disease,  it  will  not  be 
sutficieut  to  rely  u|«>n  tbe  examimitinn  of  a  single  specimen.  The  nor- 
mal variations  in  Hf>ecific  gravity  tluriiig  tbe  tUiy  do  iiot  usually  exceed 
the  limits  of  1015  as  a  miriinnim  ami  10;J0  as  a  maximum;  but  either 
of  these  would  be  unnatural  if  continued  during  the  whole  twenty-four 
hours.  All  the  diflerent  sjiecimens  of  urine  passed  during  the  day 
shoidd  therefore  be  collected  and  examiucd  tugcther.  Tbe  average 
specific  gravity  thus  obtained  will  represent  the  normal  daily  density 
of  the  excretion. 

The  <l:uly  volume  of  the  urine  is  also  to  be  taken  into  accuunt.  The 
total  amount  of  soliils  (liscburged  by  the  urine  in  health  is  from  (iji  to 
60  grammes  per  day;  and  this  quantity  of  solid  material  is  dissolved  In 
about  1200  cubic  centimetres  of  water.  This  gives  an  average  daily 
quantity  imrl  an  average  specific  gravity  of  the  urine,  as  the  measure  of 
tbe  excretory  process  during  twent3--four  hours. 

Both  the  quantity  of  tbe  urine  and  its  mean  specific  gravity  are 
liable  to  vary  somewhat  in  different  individuals,  or  even  in  the  same 
indivitluni  from  day  to  dtiy.  Ordinarily,  the  water  of  the  urine  is  more 
than  Butticient  to  hold  nil  the  solid  m:ittcrs  in  solution;  and  its  propor- 
tion may  therefore  be  diminisbed  by  temporary  causes  without  the 
production  of  turbi<lity  or  the  formation  of  a  deposit.  Under  such  cir- 
cumstances, the  urine  merely  becomes  deeper  in  color,  and  of  higher 
25 
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specific  gravity.     If  a  smaller  quantity  of  water  than  usual  be  taken 
into  tbe  system  with  the  drink,  or  if  the  exhalation  from  the  lung4  aud 
skin,  or  the  intestinal  ilisebarges,  be  increased,  a  smaller  quantity  of 
water  will  necessarily  pass  oil'  by  the  kidneys;  and   the  urluewilllie 
dimintsbcd    in    quantity,  while  its  specific  gravity  is  increasetl.    The 
urine  is  sometimes  reilucwl  in  this  way  to  51)0  or  600  cubic  cenlimcttvs 
jMjr  day,  its  specific  gravity  rising  at  the  same  time  to  1030.     On  tlie 
other  band,  if  the  fluid  ingestu  be  uiiusualty  abundant,  or  if  the  |»er- 
spiratioii  bo  diminishwl,  the  surplus  quantity  of  water  will  pass  off  by 
the  kidneys  ;  so  that  the  amount  of  urine  in  twenty-four  hours  may  be 
increased  to   1350  or   1400   cubic   centimetres,  and   its   mean   sj)ecific 
gravity  reduced  at  the  same  time  to  1020  or  even   1017.     Under  siu-h 
conditions,  the  total  amount  of  aoli<l  matter  discharged  remains  about 
the  same.     These  changes  ilepend  simply  upon  the  fiuctuating  quantity 
of  water,  which  may  pass  ofl'  by  the  kidneys  in  larger  or  smaller  quau- 
tity,  according  to  circumstances.     In  purely  normal  or  physiological 
variations  of  this  nature,  the  entire  quantity  of  the  urine  and  its  mean 
specific  gravity  vary  always  in  an  inverse  direction  with  regard  to  each 
other  1  the  former  increasing  while  the  latter  diminishes,  and  oicf  r>n-M. 
If,  however,  it  be  fouiul  that  both  the  quantity  and  specific  gravity  of 
the  urine  are  increased  or  diminished  at  the  same  time,  or  if  either  onei 
be  increased  or  diminished  while  the  other  remains  stationary,  such  un  1 
alteration  will  show  an  actual  change  in  the  total  amount  of  solid  ingm-j 
dients,  and  consequently  an  unnatural  and  pathological  conditiou. 

Ingredients  of  the  Urine. 
The  chemical  composition  of  the  urine^  as  derived  from  the  most 
recent  and  numerous  analyses,  is  as  fullowa: 

CoHPOaiTION  OF  THK  UrIMB. 

Water 950.00 

Urfla 26.20 

Creatinine 0.87 

Huilium  utuT  pota&sium  orates     .        .        .  1.45 

^  Sodium  and  jwlii-ssiuiii  liippurates     .        .  0.70 

Sodium  biphosphate 0.40 

Sodium  aud  poUsstam  phosphates     .        .  3.35 

Lime  and  magtie.siam  plioHphate^       .         .  0.83 

Sodium  and  potassium  cldoridei)         .        .  12.55 

So^liam  and  potassium  sulphates        .        .  3.30 

Mucus  and  coloring  matter        .        .        .  0.35 

1000.00 


NitrogcnoQB 

or^Riiic 
fiubdtaucea. 


Mineral  salts. 


The  constitution  of  the  urine  is  not  invariable,  but  changes  more  or 
less  at  diflerent  periods  of  the  day,  aceor«ling  to  the  rapidity  of  excre-  _j. 
tion  of  its   different  ingredients.     The  foregoing  list,  however,  repn»>9| 
sents,  in  an  approximate  manner,  Its  average  composition  for  the  entire 
twenty-four  hours. 
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Urea. — This  is  the  most  important  constituent  of  the  urine*,  both  in 
regard  to  cliaracter  and  amount,  forming  more  than  one-half  the  entire 
quantity  of  its  solid  uigre<lient.s,  and  over  bO  per  cent,  of  all  those  of  an 
organic  nature.  The  most  inijiuitnnt  fact  known  with  regard  to  tlie 
origin  of  urea  is,  that  it  isjiot  Ibrmed  in  the  kidneys,  but  pre-exists  in 
the  hlood  in  small  proportion,  nnd  is  drained  tivray  from  tlie  circulat- 
ing fluid  during  its  passage  through  tlie  renal  vessels.  This  was  first 
shown  by  the  cxi)ertujents  of  Prevost  and  Dumas,'  who,  after  extir- 
pating the  kidneys,  or  tying  the  renal  arteries  in  the  living  animal^ 
found  the  quantity  of  urea  iu  the  blowl  increased  in  marked  proportion, 
owing  to  the  arrest  of  its  elimination  by  the  kidneys.  It  hna  also  been 
found  in  the  blood  of  the  human  subject  in  caHea  of  renal  disease, 
sometimes  in  so  large  a  proportion  as  1.5  parts  per  thousand,^  or  nearly 
ton  times  its  normal  quantity.  It  has  not  been  found,  however,  in  anf- 
ficieiit  quantity  in  any  of  the  solid  tissues  to  indicate  the  immediate 
source  of  its  |>roductiou.  It  is  either  formed  in  the  blood  itself,  by 
transformation  of  some  previous  nitrogenous  combination,  or  it  is  ab- 
sorbed by  the  blood  too  nipidly  to  be  detected  oa  an  ingredient  of  the 
solid  tissues. 

Urea  is  obtained  most  readily  from  the  urine  by  first  converting  it 
into  the  form  of  a  nitrate.  For  tliis  purpose  the  fresh  urine  is  evapo- 
rateil  over  the  water-bath  until  it  is  reduced  to  one-quarter  of  its  original 
volume.  It  is  then  BUcrcd,  and  the  filtered  fiuid  mixed  with  an  equal 
quantity-  of  nitric  acid,  wlfuh  produces  nitrate  of  urea.  This  salt,  being 
less  soluble  than  urea,  rapidly  separates  in  the  form  of  abundant  crys- 
talline scales.  The  crystalline  deposit  is  8e]5arated  from  the  mother 
liquor,  mixed  with  water,  and  decompose*!  by  tlie  arldition  of  barium 
carbonate,  which  sets  free  the  uren,  with  the  formatfon  of  barium  nitrate. 
This  process  is  continued  so  long  .is  carbonic  acid  is  given  o(f;  after 
winch  the  whole  is  evaporate*!  to  dryness,  and  the  dry  residue  extracted 
with  absolute  alcohol,  which  dissolves  out  the  urea.  The  alcoholic  solu- 
tion is  then  filtered  and  evajiorate*!  until  the  urea  separates  in  a  crys- 
talline form.' 

The  quantity  of  urea  in  a  given  volume  of  nrine  is  readily  ascertained 
by  decorajjosing  it,  acconling  to  Davy's  method,  with  a  solution  of  so- 
dium hypiiohiurite.  A  long  and  narrow  graduated  glass  tube,  open  at 
one  extremity,  and  cnpnble  r>f  holding  about  SO  cubic  cetitimetres  of 
fluid,  is  filled  to  a  little  more  than  one-tbird  its  capacity  with  mercury, 
upon  which  are  ])oured  3  or  4  cubic  centimotrea  of  the  urine  to  bo  ex- 

y  *  PreTost  and  Dumas,  Anrinlea  dQ  Chimie  et  de  Physique,  1823,  tome  xxiii. 
p.  90;  S^galas,  Juarnal  de  Physiologie.  tome  ii.  p.  354;  Mitscherlich,  Ticde- 
tnann.  an<J  Gtneliti,  PoggemlnrPs  Antialen,  band  xxxi.  p.  303  ;  CI.  Bernard, 
Liquidea  de  I'Orpaiiisme.     Paris.  iHiV!).  tome  ii.,  Deuxi^me  Logon. 

•  In  Miiiif  Edwards,  I^qons  sur  la  Physiolopie.     Paris,  1857.  tome  i.  p.  298. 

*  Hoppe-Seyter,  Haudbiicli  dcr  Pbystoloj^isch-  nnd  PalliolugiRchCbeiniiicbea 
Aimlyse.     Uerliu,  1870,  p.  120. 
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aininud.  The  Temaincler  or  tho  tnU--  is  tben  filled  with  the  sodium 
hj  puclilonte  E<olution,  tlie  moulli  ul'  tiie  tube  uluseci,  the  fluids  well 
mixed,  and  the  tiihe  tUen  inverted  in  a  stiallow  glass  tlish  filled  with  • 
Bjitiirated  Bolutioii  of  sodium  cliluride.  The  tui&lure  of  uruie  and  li}'fK> 
chlorite  sotulion  reiuiiins  in  tiit:  tube;  aud  as  tlie  urea  is  decomposed. 
its  nitrogen  is  given  oU"  iu  ibe  gaseous  form  mid  collects  in  the  iippei 
closed  end  of  the  tulx-,  where  its  volume  may  be  read  otf  on  the  scale, 
alter  tlie  action  has  ceased.  Ever}-  euUic  centimetre  of  nitrogen,  thui 
disengaged,  represents  2.5  niilligrammea  of  urea. 

The  euuditious  infltieneing  the  quantity  of  urea  produced  and  dis- 
charged  iu  the  healthy  t-uhjcct  (luring  tvventytbur  hours,  are  the  size 
and  general  development  of  the  Itoiiy,  the  nature  of  the  foot!,  and  the 
state  of  rest  or  activity.  Like  other  jirotlucts  of  the  living  orgauisnif 
its  quantity  i«  in  pruimrtion  to  the  entire  ma.ss  of  the  body.  As  m' 
general  rule,  its*  daily  quantity,  in  man,  is  0.5  per  thousand  jmrts  of  the 
entire  bodily  weight;  and  for  a  manof  inidium  size  it  amounts  to  alKnit 
85  grammes  per  day.  As  it  is  a  nitrogenous  Bul>stanoe,  resulting  from 
the  final  eoiisumptiun  of  the  albuminous  elenieuts  of  the  system,  its 
prijportitiu  is  greater  under  a  diet  of  animal  food,  which  is  c«)m|)aratively 
rich  iu  alUuminoua  matters,  than  under  one  of  vegetable  food,  in  which 
these  substances  are  less  abundant.  Its  daily  qunntity  falls  to  a 
minimum  when  the  diet  is  exclusively  conlined  to  nou-nitrogeuous  arti 
des  of  food,  nauuly,  starcli,  sugar,  and  fat.  U  m  slill,  however,  pn 
duced  and  excretetl  under  an  cxelu-sively  non-nitrogenous  diet,  and  evei 
when  no  food  whatever  is  taken,  so  long  as  the  animal  fuiictioua  cott- 
tinue  to  he  performed. 

The  results  obtained  by  nearly  all  experimenters  led  to  the  conda- 
siotj  that  the  quantity  of  tirea  excreted  is  esijeeiidly  increased  by  hju*-' 
cittar  eu-erlioit,  until  a  doubt  was  thrown  upon  this  point  by  Fick  and 
Wislicetius  in  1«GC.  These  observers  ascended  a  mountain  on  foot| 
the  ascent  oceu[)ying  a  little  over  eight  houre;  during  which  time,  and 
for  seventeen  hours  beforehand,  they  eoutinei.l  themselves  to  a  diet  of 
non-nitrogenous  food.  The^'  found  the  amount  of  urea  dischargetl 
hour  to  be  less,  while  engaged  in  ascending  the  moimtain,  than  it  was 
before;  but  it  increased  during  tlie  following  night,  after  a  meal  of 
an  i  in  III  f(torl. 

Subsequent  observers  have  obtained  various  results,  Pr.  Parkes,  in  a 
Bcries  of  very  careful  and  extended  observations,'  found  that  the  dis- 
charge of  urea  was  inereaserl  not  during,  Init  after,  a  period  of  muscular 
work.  This  was  shown  even  in  a  man  ecnifiiie<l  for  five  days  to  a  non* 
nitrogenous  diet,  in  whom  the  discharge  of  urea  was  not  increased  on 
the  day  of  unusual  musenlar  eflfort.  but  on  the  following  day  was  a  Uttl 
mure  than  doiiblerl. 

The  observations  of  Pi-of.  A.  Flint,  Jr.,  on  the  excretion  of  urea  irf 
the  case  of  the  pcrlestrian  Weston,  have  the  important  advantage  of  e* 


ti- 

4 


'   Proceedinp  uf  ihe  Iloyal  Society  of  Lot. don,  vol.  xvi.  p.  48,  and  Murch 
1871. 
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tcmling  over  comparatively  long  perioils,  lotli  uf  exei-ciae  and  rest,  the 

diet-  at  tUe  bamc  time  rfuiaiiiiug  uticluiuged  in  its  general  cliaracters. 

^^  The  pedestrian  wad  under  observjitiori  Tor  filleen  days ;  namely,  five 

^Hjftys  previous  to  the  walk,  five  duy^  iluiing  it»  continuance,  and  live 

^^■ftys  iniinediatoly  ailerward.     For  the  period  preceding  the  walk,  the 

^^verage  exercise  was  ajjout  eight  miles  per  day;  duruig  the  walk  it  was 

nearl}'  sixty-four  miles  per  diiy,  and  fur  the  peritwl  subsequent  to  the 

walk,  it  was  u   little  over  two  miles  per  day-     'iln'   results  obtained 

during  the  three  periods  showed,  accordingly,  the  normal  amount  of 

I      area  excreted  by  the  pcdestrimi  under  onlinaiy  conditions,  the  amount 

disehargeii  durinor  an  uniisual  and  nearly  conlinnoiis  nuiseular  exertion, 

and  the  subsefjuent  efl'eets  uf  tlie  exertion  on  the  general  uonilition  of 

the  system. 

The  nitrogenous  ingredients  of  the  food,  tluring  all  three  periods, 
were  also  reeorde«l,so  that  the  infincnot!  of  the  food  itself  on  the  amount 
of  urea  may  be  estiinate<i  at  the  same  time  with  tiiat  of  the  muscular 
exertion. 

The  following  table  gives  the  main  result  of  these  experiments,  so 
far  as  they  are  coauected  with  the  present  subject : 


Daily  Quantity  of 


First  Period. 

Fire  dny« 

before  the  wnlk. 


Socond  Period, 

I'lvc  daj-« 
ilurlau  the  wnJk. 


Third  Period. 

Kivp  dny§ 
ftrtc-r  the  WAlk. 


7r«.'a        ..... 
Nitrogen  in  foc)d 
Nitrogen  in  orca 
Tola!  nitrogen  in  nreanniJ  feces 
Nitnipeii  iu  urcii  and  feces  per 
KHI  purta  of  nitrogen  in  food 


628.24  grains. 
339.46      " 
29;}.18     " 
315.09      " 

92.82 


"22.1rt  grains. 
234, 76      " 
337.ttl     " 
361.62     " 

16S.99 


726.79  grains. 
440.93   " 
339.17   " 
373.15   " 

84.68 


It  is  evident,  therefore,  that  during  the  time  of  laniisnal  muscular 
exertion  the  daily  quantity  of  urea  was  iaerease<l  by  nearly  fifteen  jier 
cent.  o\er  that  of  the  previous  ordinary  condition,  the  nitiogenous  ele- 
ments of  tlie  food  being  at  the  same  time  considerably  dimiiiiuhe<l  ;  and 
that,  during  the  period  of  exertion,  the  tot.'d  quantity  of  nitrogen  dis- 
charged by  the  urea  and  feces  combined  was  more  than  fifty  per 
cent,  greater  than  that  introduced  with  the  food,  while  iu  both  the 
previous  and  subsequent  periods  it  was  from  about  seven  to  fifteen 
tr  cent.  less.  Diiring  the  perioil  of  exertion  there  w.as  a  loss  of  nearly 
tree  and  a  half  [JOiUKk  of  br>dity  weight,  and  an  increase  of  similar 
Timount  during  the  Kiibsuquent  peiMod  of  rest.  The  author  fairly  cx])lains 
_the  above  loss  of  weii^ht  by  the  disintegration  of  muscular  tissue;  and 
le  subsequent  increase,  by  a  retention  of  nitrogenous  constituents  in 
le  bod}',  to  repair  the  waste  thus  produced. 

"  Puring   the  five  days  of  the  walk,'   Mr.  Weston  consumed  in  all 
173.80  gi-ains  of  nitrogen  in  his  footl.     During  the  same  perio<l  he 


'  New  York  Medical  Journal,  Jane,  1871,  p.  669. 
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climiaated   1807.60  grains  of  nitrogen,  in  the  urine  and  feces.     Tbiil 
leaves  G33.8t)  grains  of  uitiogou,  over  and  above  the  nitrogen  of  the  food,] 
wliich   must   be   attributed  tu  tlie  waste  of  liis   tissues,  and    prubabljfj 
aiuQust  exclusively  to  tlie  waste  of  his  museular  tissue.     According 
tlie  best  authorities,  leau  meat  uncooked,  or  ur  uscuhir  tissue,  contains  l 
per  cent,  of  nitrogen.     The  loss  of  GS^.^U  giains  of  nitrogen  would  tbc 
represent  a  loss  of  21,127.00  grains,  or  S.QiH  lbs.  of  muscular  tis&o 
The  ucluid  loss  of  weight  was  3.450  lbs.     This  allows  about  0.43  lb, 
loss  unaccounted  for,  whicli  might  be  fat  or  water," 

Crtaltnine, — This  substance  is  perhaps  next  in  ph3-siologic.'U  impf)t 
ance  to  the  urea,  cousidciing  its  analogy  in  chemical  couipusition,  bu 
is  produced  in  luueli  sm:dler  quantity  ;  its  total  anioiuit  usually  not  ej 
eeeding  1  gruiume  per  day.     Jt  has  not  been  found  in  any  of  tlie  sol 
tissues ;  but  it  is  probably  dcriveil  by  tianstbrmation  of  the  creatine 
the  muscles,  since  it  may  be  Jirtilicitilly  prorluced  from  the  latter  by  tl 
action  of  heat  aud  dilute  sulphuric  acid.     H  is  iimloubtcdly,  like 
a  product  of  tUe  metamorphosis  of  the  albuminous  ingredients  of  tbd 
body,  from  which  it  derives  its  nitrogenous  elenienl.     But  little  is  knoi" 
with  regard  to  the  conditions  which  increase  or  diminish  its  proiluctiofl 

ISodium  and  I'otabtiiuin  Urates. — The  urates  are  due  to  a  combinatio 
of  the  alkaline  base  with  a  nitrogenous  mineral  acid,  belonging  to  tl 
same  physiological  class  of  excrementitious  mattere  as  urea  and  creati- 
nine.    This  substance  is  known  to  be,  like  urea,  increased  in  qtiantity 
by  a  nitrogenous,  and  decreased  by  a  non-nit rogenons  diet ;  but  its  rcljr 
tions  to  muscular  exercise  and  other  temporary  conditions  are  not  ful 
known.     Tile  urates  are  rca<lily  soluble  in  water,  and  are  usually  escret 
to  the  amount  of  about  1.75  gramme  per  diiy.     Tlie  hippuraies  have, 
general,  similar  chemical  and   iiliysiologie:d  relations  to  those  of  tb 
urates,  cxee|)ting  that  thej*  are  more  abnnilant  under  the  use  of  a  veg 
table  diet,  aud  disappear  altogether  when  the  food  is  exclusively  of 
animal  nature,     in  the  human  subject  under  an  ordinary  mixed  die 
they  amount  to  about  one-half  the  quantify  of  the  urates. 

Tlio  preceding  ingredients  of  the  urine  are  all  associated  in  a  ein^ 
physiological  group,  forming  its  nitrogenous  excrementitious  substanc 
Beside  them,  it  also  contains  a  variety  of  inorganic  or  mineral  constitu 
ents,  derived  from  the  waste  of  the  animal  tissues  and  fluids. 

Add  Sodium  PhijHphaie^  or  sodium  bi[ihosphute. — This  is  the  ingre 
dieut  which  gives  to  the  urine  its  acid   reaction  to  test-paper.     It  is 
regarded  as  derived  from  the  ordinary  sodium  (thosphate  of  the  Woo 
(Na.II  PO,)  by  the  action  of  the  uric  acid  produced  in  the  system,  whic 
unites  with  a  part  of  its  sodium,  forming  sodium  urate,  and  leaving 
acid  sodium  phosphate  (NuH^PO,).     The  uric  acid  produce<l  from  tt 
decomposition  of  animal  substances,  although  it  iloes  not  itself  apj 
in  a  free  form,  is,  therefore,  indirectly-  the  cause  nf  the  acid  reaction 
the  unne ;  and  this  reaction  will  vary  in  Luteusity  with  the  amount 
uric  acid  discharged. 
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Thf  Alkaline  Phosphates^  or  ordinary  pliosphatea  of  sodium   and 
potassium. — These  are  the  soluble  phosphates,  which  exist  in  the  Wood 
as  well  as  in  the  urine,  and  which,  iii  solution,  have  a  mild  ulldiliue  re- 
action.    Owing  to  their  rcad^'  solubility,  tbt}'  never  appear  as  a  |)rcfipi- 
tate,  nor  disturb  in  any  way  the  trnnRparency  of  the  urine.     It  is  under 
the  form  of  these  salts  that  most  of  the  phosi>honc  acid  in  combination 
lis  discharged  with  the  urine.     Aceording  to  Vogel,  the  excretion  of 
phosphoric  .icid  by  this  channel  is  increased  by  tlie  use  of  food  contain- 
ing soluble  phosphates  or  BiibHt:mce3  capable  of  yielding  phosphoric 
jid  by  the  changes  wliich  they  undergo  in  the  system.     It  is  accord- 
ingly more  abiuidfint  under  a  diet  of  animal  food,  less  so  under  a  vege- 
table  regimen.     Itii  di-scharge,  however,  does   not  deiM^nd  exclusively 
uffon  the  ingre<lieiits  of  the  daily  food,  since  it  continues,  although  in 
diminished  quantity,  after  long-continued  abstinence  from  all  food.     Its 
immediate  origin  is,  tlierefore,  wholly  or  partly  from  the  constituents 
^^;>f  the  body  itself.     Tiie  observations  of  Wooil,'  as  well   as  those  of 
^BVogel  and  others,  show  also  that  there  is  a  diurnal  variation  of  con- 
^Miderable  regularity  in  the  normal  excretion  of  the  salts  of  phosphoric 
neid.     Its  hourly  quantity  is   at  a  minimum  during  tlie  forenoon,  in- 
creases in  the  latter  part  of  the  day  after  the  principal  meul,  and  reaches 
a  maximum  in  the  evening  or  d(*ring  the  night,  todiminisii  again  on  the 
morning  of  the  following  day.     It  is  under  the  form  of  [ihosphates  that 
the  jihosphorus  contained  in  certain  organic  substances  (lecithlno)  is 
finally  discharge<l  from  the  system.     The  average  quantity  of  the  alka- 
line phospliates  discharged  during  health  under  an  ordinary  diet  is  alittle 
^Hyverfour  grammes  ])^r  day. 

^^  T7»e  Earthtj  Phoxphaien,  or  the  phosphates  of  lime  and  magnesium. — 
The  earth}'  phosphates  are  usually  present  in  the  urine  in  much  smaller 
quantity  than  the  preceding.     They  are  held  in  solution  only  I)}'  the  acid 

■feaetion  of  tlie  urine,  and  when  this  is  absent  or  very  much  (Uminished 
ibcy  are  thrown  down  aa  a  light  [>recipitate,  consequently,  the  neutral 
or  Tainlly  nlknline  urine  passed  in  the  forenoon  is  often  slightly  turbid 
with  a  deposit  of  the  earthy  phosphates,  without,  however,  inilicating 
any  abnormal  increase  in  tiieir  amount.  According  to  the  extensive 
and  careful  observations  of  Wood,  the  alkaline  and  earthy  phosphates 
differ  from  each  other  in  the  conditions  which  influence  their  excretion. 
While  the  alkaline   phos|ihate3   of  the  urine  are  increased  in  amount 

■during  continued  mental  aiiplication,  the  earthy  phosphates  are  dimin- 
labed,  and  llie  total  quantity  of  both  kinds  is  not  materially  altered. 
The  earthj'  phosphates,  on  the  other  hand,  are  increaseil  by  alistinencc 
from  ment.al  labor.  Their  .ivorngo  daily  quantity  under  onlinary  condi- 
tions is  about  one  gramme,  or  rather  less  than  one-quarter  that  of  the 
uarthj  phosphates. 

'  On  the  Influence  of  Mental  Activity  on  the  Excretion  of  Phosphoric  Acid  by 
the  Kidneys.     PrcK.eediugs  of  the  Cunucctivut  Medical  tiuciety,  18G9. 
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Sodium  and  Pofaanum  C/!/ori</("8.-^The8orlium  cliloridc,  which  rcpte^ 
Bents  nearly  the  wliole  of  these  two  salts,  is  also  hy  I'ui'  the  most  abuiulaul 
mineral  ingredient  in  the  urine,  forming  over  oue-hall'  of  its  iuQiymifl 
constituents.  It  is  tleriveil  in  grez\t  mcasuii;  from  the  sodium  chlo» 
ride  taken  with  the  food,  and  is  increused  or  diminished  in  quuntily 
with  the  variation  in  the  amount  of  commuu  sail  iu  the  diet.  Yarioua 
eircumstjinces,  however,  iiitlueiiee  its  excretion  at  different  periods  of  the  i 
day.  Its  hourly  discha.rgi;  is  luibttu;dly  least  during  the  night,  increawa 
iii  the  forenoon  and  i.'^  greatest  during  tlic  lattei-  part  of  the  da}'.  Ac* 
cording  to  Vogel,'  both  mental  and  botlily  exertion  perceptibly  increase ; 
its  exeretion;  and  even  water,  when  taken  in  unusual  abundance^  by  in- 
creasing the  activity  of  th«  kidiiieys,  causes  also  a  temiKtrary  auguien- 
tatiou  iu  the  disciiarge  of  podiuni  chloride,  which  is  subsequently  followed 
by  a  correspomling  diminution.  The  average  amount  of  the  chlohdes 
dischargetl  with  the  urine  is  about  lifteen  gninunes  \wv  day. 

Soilium  and  Pota-^atintu   tiidphali's. — The  sulphates  present  in  the 
urine  are  tlcrived  partly  from  those  which  have  been  intnxluced,  under 
their  owu  form,  as  ingredients  of  tlie  food  ;  and  observation  lias  showa^ 
that  their  quantity  la  increased  by  the  medicinal  administration  of  sul- 
phuric acid  or  of  sodium  sul[ilifitc.     The  administration  of  sulphur  or] 
the  Bulphut'ets  produced  a  similar  efTeet.     Tin*  alliinninuus  matters  of 
the  system,  furthermore,  which  contain  sulphur  as  one  of  their  cou-| 
stituent  elements,  give  rise,  by  their  changes  in  the  oxidizing  process  of  ; 
nutritiou  and  excretion,  to  sulphuric  acid  and  the  sulphates  ;  since  the j 
whulo  of  their  carbon,  hydrogen,  and  nitrogen  is  finally  dischargeil 
under  the  form   of   water,  carbonic   acid,   and   urpa,   while  the   small 
quantity  of  sulphur  remaining  fip|)ear8  as  snlpiiuric  acid  in   the  sal- 
phates.     Consetpiently  the  excretion  of  s«i]))hates,  as  shown  by  Vogel, , 
is  increased  by  an  itbundant  diet  of  animal  food,  and  diminishetl  under 
a  vegetable  regimen.     The  sulphates  are  freely  soluble  and  never  appear 
as  a  spontaneous  prccij)itate  in  the  urine.     Their  average  quantity  is' 
about  3.91j  grammes  per  day. 

Reactions  of  the  TTrine  to  Chemical  Tests. 

The  reactions  of  the  urine  to  a  variety  of  ordinary  teats  form  a  readyj 
criterion  for  ascertaining  its  normal  or  abnormal  constitution.     The] 
more  exact  quantitative  dcteimination  of  its  ingredients  requires  the j 
attention  ;uid  skill  of  the  professional  chemist;   but  many  of  its  im- 
portant characters  may  be  recognized  by  the  use  of  simple  means. 

77irt   Applicalwn  of  Heat. — If  transparent  healthy  urine,  of  a  dis 
tinctly  acid  reaction,  l>e  heatetl  in  a  test-tube  over  a  S[>irit  lamp  to  the! 
boiling  point,  no  change  in  its  appeanuice  is  pro<luced.     If  its  acidilyj 
l)c  very  slightly  prononnceil,  on  the  other  hand,  it  becomes  turbid  on 
boiling,  from  a  preci|)itation  of  its  earthy  phosphates.     This  is  t>ccaus 
the  earthy  phosphates  arc  less  soluble  in  a  hot  than  in  a  cold  liquid  j 


'  Analyse  des  llama.     Wioshadea,  1872,  p.  350. 
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the  faintly  acUl  reactic 
iheiii  in  solution  at  ordinary  tf  mi>eraturt'8,  is  no  longer  siiUicient  after 
the  application  of  boat,  ami  the  pliospbatL's  are  acconliiigly  thrown 
down  as  a  deposit.  The  pri't'ipitalion  IVoin  this  ciiiise  is  never  very 
altundunt,  and  it  is  instantly  deureil  tip  ag«in  l»y  the  additiou  of  a  drop 
of  nitric  aeid,  which  n-Htures  the  tiormal  ftcidity  of  the  urine.  The  tur- 
bidity ihiM  prodnce<l  by  boiling,  ftom  the  precipitation  of  tbe  earthy 
fihtisphates,  is  ueit  therefore,  usually'  due  to  an  increased  quantity  of 
therie  salts  in  tbe  urine^  but  simply  to  a  deticiency  of  its  acid  reaction. 

Disea8e<l  urine  may  also  become  turbid  on  boiling,  from  tbe  coagula- 
tion of  aUjuTUfn.  Tbis  is  reailily  dtstingnished  from  a  (irecipitation  of 
the  earthy  pbositbates  by  two  facts — mimel^-,  first,  thnt  it  may  take 
place  ill  urine  whicii  is  distincUy  aci*1 ;  and  second,  that  ihc  addition  of 
nitric  acid,  which  reili^^solves  the  pbosphatic  precipitate,  only  increases 
the  turbidity  which  is  due  to  albumen. 

Acid>f. — The  a<l(htion  of  the  mineral  aoida  to  healthy  urine  produces 

no  immediate  visible  effect,  l>eyoml  increasing  its  acidity  and  slightly 

tnodilyiug  its  color.    They,  however,  decompose  its  urates ;  and  the  uric 

acid  thus  set  free  is  slowly  deposited  in  the  crystalline  form.     If  nitric 

or  hydrochloric  acid  Ik>  adik'il  to  fresh  filtered  urine,  in  tbe  proportion 

of  about  2  |)er  cent,  by  volume,  and  the  mixture  be  allowed  to  remain 

at  rest  for  twenty-four  or  forty-cigbt  hours,  the  sides  and  bottom  of  the 

vessel  become  covered  with  a  tliinly  scaltere*!  deposit  of  uric  acid 

crvstals.     These  crystals  have 

Flir  129 
usually  the  form  of  transi)arent  *'■ 

rhomboidal  plates,  or  oval 
latntnte  with  pointed  extremi- 
ties, and  are  generally  tinged  of 
a  yellowish  hue  by  the  coloring 
matter  of  the  urine.  They  are 
frequently  arranged  in  ra«1iated 
clusters,  or  small  spiieroidal 
masses,  presenting  the  appear- 
ance of  minute  calculous  con- 
cretions, which  vary  much  in 
size  ami  regularity,  according 
to  the  time  occupied  in  their 
formation. 

The  deposit  of  uric  add  crys- 
tals,   tlius    forine<l    in    healthy 
urine  from   the  a(hlition  of  a 
mineral  acid,  is  always  scanty  in  amount,  and  only  becomes  risible  as 
a  crystalline  precipitate  after  several  honrs. 

In  rare  cases,  when  the  urine  is  loaded  with  an  unusual  proportion 
of  tlie   urates,  a  few  drops  of  nitric  acid   will   protliioe  at  once  a  |>er- 
"'  " ;  turbidityj  from  tlie  precipitation  of  abundant,  microscopic  crys- 
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886 


THE    URIffE. 


tals  of  nric  aeiiL     This  deposit  may  be  distinguished  from  albumen  by 
the  appearance  of  the  crystals  under  the  microscope,  and  also  by  ihe^ 
fact  that,  unlike  albumen,  it  is  not  produced  by  the  application  of  a 
boiling  tt'Ui[>L'ratui'e. 

When  the  urine  is  scanty  and  concentrated,  owing  to  temjioiarv  causes, 
with  a  specific  gravity  of  loao  to  lU8o,  but  without  any  abnormal  in-j 
gretlieut,  il'  it  be  mixed  with  one-half  its  volume  of  nitric  acid  ami] 
exposed  to  a  low  teini>erature,  a  crystailixutiou  of  nitrate  of  urea  will 
often  take  place  iu  the  course  of  half  an  hour  or  an  hour.  This  is 
due  simply  to  the  diminished  proportion  of  water,  which  is  still  ftiiffl- 
cieut  to  hold  the  urea  in  solution,  but  allows  a  separation  of  nitrate  of 
urea  when  this  salt  is  fcjrmed  by  the  addition  of  nitric  acid.  It  never 
tiikt-s  place  when  the  urine  has  its  noribal  specific  gravity  of  1020  to 
1025. 

Allcnlieif. — The  adiiition  of  a  free  alkali  or  an  alkaline  carbonate  to  i 
normal  urine  diminishes  its  acid  reaction,  and,  as  soon  as  the  point  of 
saturation  has  beun  reached,  produces  a  turbidity,  owing  to  Ihe   pre- 
cipitation of  the  earthy  phosjjjiates.     Tliese  are  the  only  ingredient*  of  j 
the  urine  M-liieh  nre  thrown  down  by  the  addition  of  an  alkali,  and  a , 
free  acid  immeil lately  restores  its  transparency. 

Mineral  Salts. — Solutions  of  barium  chloride,  barium  nitrate,  or  the 
tribasic  lead  acetate,  when  added  to  healthy  urine,  deeonipbse  its  sub 
phates,  and  produce  a  dense  precipitate  of  the  corresponding  metallic 
salts.  Solutions  of  silver  nitrate  produce  a  precitjitate  with  the  sodiam 
and  potassium  chlorides,  forming  silver  chloride  which  is  insoluble.  The 
tribasic  lead  iicetate  and  silver  nitrate  also  throw  down  mucus  and  { 
coloring  matters. 


Abnonual  Ingredients  of  the  Urine. 

The  abnoiTaal  ingredients  whiih  appe.ir  in  the  urine  are  either:  IsL 
Foreign  substances  accidentally  present  in  the  blood,  which  are  elimi- 
nated by  the  kidneys,  such  as  glucose,  biliary  matters,  and  medicinal 
substances;  or  2d.  The  albuminous  constituents  of  the  bloo<l,  which  are 
discharged  with  the  urine  owing  to  a  disdnrbance  of  the  renul  circulation. 

Glucose. — The  presence  of  ghieose  in  the  urine  is  characteristic  of 
diabetes  mellitus.  In  this  disease  the  nrinc  is  generally  increased  in 
ipuiutlty  and  at  the  same  lime  of  unusually  high  specific  gravity-,  namely, 
from  1036  to  lOiiO.  It  is  of  a  light,  clear,  amber  or  straw  color,  an<l 
remarkably  transparenl;  so  that  it  has  the  apiiearance  of  being  dilute, 
although  it  is  in  reality  denser  than  usual,  owing  to  the  jiresence  of 
glucose  in  solution.  The  glucose  is  detected  hy  the  application  of  Trom- 
mer's  or  Fehling'a  test,  or  by  that  of  fennentation.  For  the  latter  pur- 
pose a  little  yeast  should  Ite  mixed  with  15  or  20  times  its  volume  of 
water,  and  the  mixture  allowed  to  remain  at  rest  in  a  cylindrical  apright 
glass  vessel  until  the  yeast  globules  have  subsided  In  a  dense  homo- 
geneous layer  at  the  bottom.     The  supernatant  fluid,  couluiuing  thfi 


ABNORMAL    INGKKPIENTS    OF    THE    URIXE. 


387 


Fig.  130. 


iBohiblc  impurities  of  the  jeast,  is  poured  off,  ami  a  small  quivntity  of 

tlie  racist  yeast-deposit  at  tlit*  bottom  is  added  to  the  urine  under  exami- 
nation.    The  mixture  is  tbeu  ])lnct*<l 

in  a  ferinent-appjiratiia  and  ki-pt  nt  a 
?rai)eratiire  of  about  25°  (7T^  F.),  for 

fortj'-L'ight   hours,  when  the   gaseous 

products    of   fermentation  will    have 

been     completely'    disengaged.       The 

most  convenient  form  of  apparatus  is 

a  test-tube  of  known  capacity  (Fig. 
^kl30,  fl,  6),  9n]iip(>rted    by  fi  foot  and 
^■provide<l  with  an  India-rubber  i>toi)|>er, 
^^lirongh  whieh  passes  a  narrow  glass' 
^"tube  (c),  ojwn  at  both  ends ;  its  inner 

portion  reaching  to  the  botl«.im  of  the 

test-tube,  where  it  is  bent  U(t\var(l,  to 

■^jrevent  the  escape  of  gas,  its  outer 
|>ortion  being  bent  downward,  to  allow 
the  liquid  expelled  to  drop  freely  from 
its  oriGce.  Tlie  test-tube  may  be 
graduated  in  cubic  centimetres  from 
above  downward.  Tbe  apparatus 
being  filled  with  saccharine  urine, 
when  fermentation  begins  the  disen- 
gagetl  gas  rises  in  bubbles  to  the 
upper  part  of  the  te»t-tube  and  col- 

HiectM  there,  whUe  the  urine  is  foi'cetl 

^fcut    througli    the    bent    glass    tube. 

^^pvery  cubic   centimetre    of  carbonia 

^■licid    produced    corresponds    to    0.26 

milligrammes  of  sugar  decomposed.  A  similar  apparatus,  containing 
the  same  quantity  of  healthy  urine  and  yeast,  should  be  kef>t  at  the 
same  temperature  for  an  equal  time,  as  a  comparative  test;  since  a  small 
quantity  of  carbonio  acid  might  be  disengaged  from  the  yeast  itself, 
owing  to  its  imperfect  purilication.  The  difference  between  the  two 
cases  is  that  in  tlie  yeast  alone  the  disengagement  of  gas  soon  ceases; 
while  in  a  saccharine  solutiotj  the  yeast-cells  multiply  indefinitely,  and 
carbonio  acid  continues  to  be  produced  until  most  of  the  sugar  hns  been 
decomposed.  This  method  does  not  give  the  precise  quantity  <if  the 
glucose  contained  in  any  single  specimen,  since  some  of  the  urine 
escaiK'S  before  its  fermentation  is  fully  completed  ;  but  it  is  at  the  same 
time  the  surest  indication  of  the  existence  of  sugar,  and  a  ready  nieaua 
of  determining  approxiraatively  whether  it  be  scanty  or  abundant  in 
amount. 

The  simplest  method  of  ascertaining  the  quantity  of  glucose  in  a 
iven  specimen  of  urine  with  sufllcient  accuracy  for  all  clinical  pur- 


Fi:RMENT>Ari>Ar.  ATiTd,  conta.ln- 
iiii;  HAcehnrlue  urini)  in  ferraeotittlOD. — ft. 
Ujiper  purt  of  the  test-tubo  oonUlnlng 
onrbonlo  ncliJ  6.  Ijowrr  pnrt  of  the  te»t. 
tube  contninlDf;  th<>  fprniontinf;  Mquld.  e. 
Bfnt  iflMBR  tube,  tn  aUow  the  PKonp^  of 
Uc]u!il.  d.  Liquiii  which  huR  been  forced 
out  from  the  test-lube  bf  the  nooumuln. 
tion  of  gna. 
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poses  is  til  at  of  Pr,  RoWrts,'  which  depcmls  upon  the  loss  of  specific 
gravity  occasioneil  by  the  (Jeeoiniiositioii  of  the  glucose  in  femientation. 
A  i)ortion  of  t!ie  urijie  is  tukt'n  and  its  spci-ific  gravity  aHCertaiiutI  at 
tho  tvmpfiatiiro  of  25^  (77^  F.).  A  littk'  yeast  is  then  added  and  ihe 
mixture  ke|»t  at  tbc  same  temperature  until  fermentation  has  ceased; 
wlien  the  epecific  gravity  is  again  taken.  The  dimlnntion  in  density 
cuiisefl  by  the  conversion  fif  thi;  glucoHO  into  aloohol  and  carlionic  acid 
is  Biich  that  the  loss  of  one  degree  in  sfiecific  gravity  indicates  the  dis- 
appearance of  2.197  milligrammes  of  glucose  for  every  cnbic  ceutimetre 
of  urine. 

Theglneose  can  be  obtained  directly  from  diabetic  urine^  according  to 
the  method  of  Iloppe-Seyler,  by  evaporating  the  urine  over  the  water- 
bath  to  the  consistency  of  a  8yru(),  and  allowing  it  to  renuiin  at  rest  for 
Boino  days  or  weeks  until  completely  crystallized.  The  crystalline  mnaa 
i»  triturated  and  washed  with  a  small  quantity  of  cold  alcohol,  to  re- 
move the  urea.  The  residue  is  then  extracted  with  boiling  alcohol^  and 
the  alcoholic  solution  filtered  while  atill  hot,  after  which  the  glucose  is 
deposited  in  acrystnllino  form. 

The  gbu'iise  of  diabetic  urine  is  not  forme<l  in  the  kidneys,  but  pre- 
exists in  the  I>!ood,  from  whieh  it  is  eliminnted  in  the  rennl  circulation. 
If  a  solution  of  sugar  be  intiodiiced  in  suflicicnt  quantity  <Urectl3'  into 
the  bluotlvcssela  of  the  rabbit,  or  injected  into  the  BulH;utancous  eou- 
nective  tissue  so  as  to  be  al>sorbed  thence  by  the  blow!,  it  is  soon 
discharged  by  the  kidneys.  It  has  l>ecn  shown  by  Bcniard,'  that  the 
time  witlun  whieh  sugar  appears  in  the  urine  under  these  circnm- 
stances  varies  with  the  qnantity  injected  and  the  rapidit_v  of  its  absorp- 
tion. If  a  solution  of  one  gramrae  of  glueosc  in  25  cubic  centimetres  of 
water  l>e  injected  under  the  skin  of  a  rabbit  weighing  a  little  over  one 
kilogramme,  it  is  entirely  destro^erl  in  the  circulation,  and  does  not  pass 
out  with  the  urine.  A  dose  of  1.5  gramme,  however,  injected  in  the 
same  w.ny,  appears  in  the  urine  at  tlie  end  of  two  hours,  2  grammes  in 
an  hour  aud  a  liuU",  2.5  gramnies  in  sm  hour,  and  12.5  grammes  in  fifteen 
minutes.  Whenever,  accordingly,  glucose  acmmnlates  in  the  circula- 
tion lieyond  a  certain  quantity  in  ]iroportion  to  the  whole  mass  of  the 
l)lood,  it  is  eliminated  as  a  foreign  substance,  and  api^ears  as  an  iii- 
greitient  of  the  urine. 

Biliary  Maftent.—Jn  some  cases  of  jaundice,  the  coloring  matter  of 
the  bile  pa-sses  into  the  urine  in  sufficient  iibundance  to  give  to  the  fluid 
a  deep  yellow  or  yellowish-brown  tinge,  «o  that  it  may  even  stain  linen 
or  cotton  fabrics,  with  which  it  comes  in  contact,  of  a  similar  color. 
The  saline  biliary  substances,  namely,  sodium  gl^cocholate  and  taiiro- 
cholate,  according  to  Lehraann,  Imve  also  been  detected  in  the  urine. 
In  these  instances,  the  biliary  matters  are  reabsorbetl  from  the  hepatic 
duets  ami  conveyed  by  the  blood  to  the  kidneys. 

•  CJrinary  and  Renal  Diseases.     Pliiladelphia  edition.  1872.  p.  198. 

•  Lemons  dc  Physiologic  Exp^rimenlalc.     CJIycog6nie.     Paris,  1855,  p.  218. 
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riAanmum  ferrocyanide ^  when  introduced  into  the  circulation,  af>- 
pears  with  great  readiness  in  the  urine ;  and,  according  to  the  oliserva- 
lions  of  Beniard,  may  begin  to  be  eliminated  within  twenty  minutes 
after  being  injectwl  into  tlie  duct  of  the  stibraiixillnry  gland. 

Iodine^  in  all  its  combinatioQH,  passes  out   by  the  same  channel. 

'After  the  adminit*ti-atii>n,  iti  the  lieulthy  humiui  subject,  of  192  luillt- 
grammes  of  iodint-,  iti  the  fuim  of  syrup  of  the  iodide  of  iron,  we  have 
found  it  tol»e  present  in  the  urine  at  the  eml  of  thirty  minutes,  and  that  it 

r  continued  to  be  discharged  for  nearly  twenty-four  hours.     In  tiie  case  of 

itwo  patients  who  hud  lieen  taking  potassium  io<iide,  erne  of  them  for  six 
weeks,  the  otiier  for  two  niDnths,  the  urine  etill  contained  iodine  at  the 
end  of  three  days  after  the  suspension  of  the  medicine  5  but  at  tlie  end 
of  three  days  and  a  half  it  was  no  longer  present.  Even  when  io<^linc, 
however,  is  taken  in  a  free  foiin,  as  in  that  of  alcoholic  solution,  it 
aJways  passes  out  by  the  mine  in  coniltination.  It  cannot  be  detected, 
accordingly,  by  the  simple  admixture  of  starch  with  the  urjut,  but  must 
be  set  free  by  the  addition  of  a  dfop  or  two  of  nitric  acid,  aller  which  it 
produces  its  characteristic  blue  color  by  union  with  the  atarch.  The 
same  tiling  is  true  of  the  other  aniniat  fluids,  such  as  the  saliva  and  the 
perspiration,  by  which  iotiiue  is  also  eliminated  after  its  iutro<luction 
into  the  system. 

Quinine,  when  taken  as  a  remedy,  has  been  detected  in  the  tirine. 
Ether  passes  out  of  tite  circulation  in  the  same  way,  and  its  odor  may 
sometimes  be  very  perceptible  in  the  urine,  after  having  been  inhaled 
for  the  purpose  of  produring  ana;sthesia.  The  |K'cul(ar  odors  develojied 
in  the  urine  after  the  use  of  A^paragxt»^  and  certain  other  vegetable  sub- 
stances, are  pro<lucc<l  by  a  transformation  of  their  ingretlienta  while 
passing  through  the  animal  83'stcm. 

Albumen. — Undei  <jrdinarv  conditions  the  allMmien  of  the  blood  does 
not  pass  out  in  any  proportion  from  the  renal  vessels  ;  but  whenever  the 
pressure  in  these  vessels  ia  increased  beyond  n  certain  point,  owing  to 
congestion,  compression  *.>i  the  renal  veins  by  alKbiniinrtl  tumors,  preg- 
nancy, or  altered  nutrition  of  the  kidneys  in  Hright's  disease,  the 
albuminous  ingredients  of  the  blood  transude  through  the  capillanes 
nnd  make  their  apiK-arance  in  the  urine. 

Albuuiiuou8  urine  is  usually  rather  pale,  and  often  somewhat  opales- 
cent from  the  admixture  of  exfoliateil  epithelium  cells  or  of  fibrinous 
casts  from  tlie  uriniferous  tubules  of  the  kidney.  When  this  is  tlie  case. 
It  should  l»e  rendered  transparent  by  flltration  before  applying  the  tests, 
since  the  turbirlity  already  existing  miglit  mask  the  reaction,  if  the 
albumen  were  present  in  small  pnj[)ortion. 

i   It  the  uriue  have  an  acid  reaction,  the  application  of  heat  produces  a 

turbidity  which  is  more  marked  in  proportion  to  the  (piaiitity  of  albu- 

men  whieh  il  contains      In  cstn-ine  cases  the  fluid  may  solidify,  IJko 

le  scrum  of  bloo<l,  before  reaching  llie  boiling  point;  but  the  albumen 

more  frequently  thrown  dowu  in  ioo8e  whitish  lUkes.     When  the 
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lorliidity  produced  by  boiling  is  moderate  ia  amount,  it  may  resemMe 
that  due  to  tlie  precifjilatioii  of  tiie  eartiiy  pliospliates.  It  con,  iiow* 
ever,  ha  distiiiguisli&l  by  thu  addition  of  «  drop  of  free  acid,  wbicU  at 
once  redissolvuii  the  earthy  phosptiales,  wbily  it  does  not  atfect  n  tur- 
biditj'  caused  by  alljumen.  An  nllmmitioii.s  pre<;i|iitate,  on  the  contrary, 
however  abundant,  is  redissolved  by  the  addition  of  a  caustic  alkali. 

If  the  uriuu  be  alkaline  iu  reaction,  boiling  may  not  throw  down  thi* 
i^albutueu  present,  thijj  substance  lieing  soluble  in  an  alkali.  )  Urim-, 
accordingly,  which  is  suspected  of  being  albuminous,  should^be  flr&t 
ren<!ered  ilistinctly  acid  in  reaction,  if  necessary,  by  the  addition  of  a 
small  qnaiitity  of  acetic  aci<l. 

Nitric  acid,  added  to  albuminous  urine,  produces  a  turbidity  by 
coagulation  of  the  albuuien.  Alcohol,  added  to  the  urine  in  equal 
Volume,  will  have  the  same  etfect ;  and  a  solution  of  potassium  ferrocy- 
anidu,  aeididated  with  acetic  acid,  will  also  produce  coagulation.  All 
the  above  tests,  if  applied  in  succe^sioji,  will  leave  no  doubt  as  to  the 
presence  or  absence  of  albumen. 

Deposits  in  the  TTrine. 

The  depofiita  which  appear  spontaneously  in  the  urine  consist  cither: 
Ist,  of  some  of  its  normal  ingredients,  thrown  down  in  consequence 
of  a  disturbance  in  ita  relative  composition;  or  2d,  of  exudations 
from  the  mucous  membrane  of  the  urinary  passages,  owing  to  a  di». 
eased  condition  of  the  parts.  Tliose  Iwlonging  to  the  first  class  are  the 
earthy  phosphates  ami  the  urates.  The  most  common  of  those  belong- 
ing to  the  second  are  blood,  mucus,  and  pus. 

Dt'poitiis  of  (he  Earth  1/  Fhottphaifs. — These  deposits  are  always  of  a 
white  color,  and  are  seldom  abuntlaut.  When  the  urine  is  first  passed, 
the  phosphates  are  disseminated  through  its  mass  iu  tlic  form  of  a  light 
cloudiness,  which  settles  slowly  to  the  bottom  of  the  vessel.  The 
urine  is  alkaline  or  neutral  in  reaction,  and  is  usually  of  less  than  the 
average  specific  gravity.  The  [irwipitatc  is  amor])housj,  presenting  no 
crystalline  forms  under  the  microscope.  It  is  at  once  redissolved  on 
the  addition  of  an  acid,  and  presents  all  the  chemical  reactions  which 
have  been  described  as  belonging  to  the  earthy-  phos{)hates.  The  alka- 
line reaction  of  the  urine,  wliif-h  gives  rise  to  the  appearance  of  this 
deposit,  m.ay  be  dne  to  a  tfm|>i>rary  dirainntiim  in  the  quantity  of  uric 
acid  produced  in  the  system,  or  to  an  unusual  formation  of  alkalme 
carbonates  from  the  use  of  fruits  or  vegetables  containing  salts  of  the 
vegetable  acids. 

Deposit)!  of  the  Urnteif. — The  urates  appear  as  n  dciw^sit  when  the 
formation  of  uric  acid  in  the  system  is  unusually  abundant  in  propor- 
tion to  the  entire  quantity  of  the  urine,  so  that  a  portion  of  the  nrntes 
are  no  longer  held  in  solnlion.  The  urine  is  nearly  nhvays  concentrated, 
highly  colored,  above  tht-  averngt  speeific  gravity,  and  of  a  strongly 
acid  reaction.  The  deposit  is  sometimes  nearly  white,  but  usually  it  is 
of  a  light  pink  or  even  red  color,  according  to  the  degree  of  conceutra- 
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tion  of  the  urine  from  which  it  is  deposited.     If  the  urine  he  allowc<i  to 

I  settle  in  a  white  earthen  or  porcelain  vessel,  and  then  curefully  poured 

otl",  the  more  deeply  colored  deposits  are  left;  as  a  brick-red  stain  iiiHin 

the  inner  surface  of  the  vessel,  fonnjrig  what  is  known  as  the  *'  brick- 

^Ldust"  sediment. 

^M  Deposits  of  the  urates  are  easily  rect^nized  by  two  special  characters, 
^■namely :  First,  they  never  appear  while  the  urine  is  still  warm,  but  only 
^»Iler  it  has  cooleil;  the  urine,  when  first  passe<l,  Ix-ing  always  perfectly 
clear,  an<l  becoming  turbid  on  rei)ose,  more  or  less  rapidly  according  to 
the  rate  of  cooling.  SoconiUy,  the  urine,  after  cooling,  however  turbid, 
if  heateil  in  a  test-tube,  becomes  clear  again,  usually  l>el'ore  reaching 
the  boiling  point.  Both  these  characters  dciK-nd  upon  the  solubility 
of  the  urates  at  high  tennn-ratures. 

In  rare  cases,  wiien  a  specimen  of  urine  is  turhid  with  the  urates  and 

^klso  contains  albumen,  a  double  eft*ect  may  be  produce<l  l\y  the  applica- 

^■^tion  of  heat.     When  such  a  specimen  is  first  heated,  it  is  cleare<^l   up, 

owing  to  the  solution  of  tlic  urates;  Imt,  on  approaching  the  boiling 

point,  it  again  becomes  turbid  from  |>recipitation  of  the  albumen. 

The  urates  are  also  soluble  in  the  caustic  alkalies,  so  that  the  ad- 
dition of  a  few  drops  of  a  solution  of  sodium  or  ])Otassium  hydrate 
retlissolves  the  precipitate.  The  addition  of  a  free  acid  decomposes  it, 
with  the  formation  of  a  soluble  salt,  an«l  the  separation  of  uric  acid  which 
afterward  crystallizes,  as  when  thrown  down  in  the  same  manner 
^■from  normal  urine.  But  the  volume  of  the  uric  acid  thus  produced  is 
^pbo  much  smaller  tlian  that  of  the  urates  previously  (lissominated  through 
the  urine,  that  the  immediate  apparent  effect  is  that  of  simple  solutioa 
I  of  tlie  precipitate.     A  deposit 

»f  the  urates  is  accortUngly  the  ^^'  ^''^^ 

'only  one  liable  to  occur  in  the 
urine,  which  is  cleared  up  by 
the  addition  of  both  alkalies 

kaud  acids. 
Deposits  of  the  urates,  when 
first  thrown  down,  are  pulver- 
ulent in  fonn,  presenting  un- 

sr  the  microscope  only  the 
■"appearance  of  a  collection  of 
minute  granules.     After  a  day 

>r  two  tlicy  sometimes  crystal- 
lize in  the  form  of  bundles  or 
globular  masses  of  radiating 
needles,  often  with  straight  or 
curved  projections,  exten<ling 

rom   the   outer   surface.     If 
'a  few  drops  of  free   acid   be 

added  to  this  deposit  while  under  the  microscope,  the  crystalline  masstta 
of  sodium  urate  may  be  seen  to  grow  transpaix'ut,  and  slowly  dissolve 
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from  without  innanl,  wliile  rliomboidal  tabular  crystals  of  uric  arid 
make  tbeir  apjwarauce  in  the  adjaceut  limd. 

Crjatals  of  uric  acitl  sotnelimes  appear  spontaueously  in  a  deposit 
of  the  urates  within  a  few  liours  at^or  its  formation,  owing  to  thedt- 
veUiprai'tit  of  a  free  acid  in  ttie  urine;  and  they  are  Bometimes  formed 
within  the  urinary  passages,  »o  as  to  be  present  ■when  the  urine  is  first 
passeil.     Owing  to  their  density  ami  angnlarily  they  are  the  cause  of 
mueh  irritation  to  the  mucous  meaihrani;  of  the  bladder  anci  urethra, 
and  arc  known  as  the  "gravel"  of  the  urine.     In  a  mingled  precipitale 
of  tlie  urates  and  oric  acid,  the  urates  form  an  abundant  light,  pulver« 
uk;nti  pinkish  turhidil}- ;  while  the  uric  acid  ia  a  comparatively  scanty, 
dense,  deej^ly  colored,  crystalline  deposit,  which  sinks  rafiidly  and  aceu- 
uiuhites  at  the  bottom  of  the  vessel,  the  urates  being  mure  slowly  de]M>H>- 
ited  above  it. 

Blood Urine  containing  blood  is  more  or  less  tinged  throughout  Itsi 

mass  with  a  dtiU  rcildish  color  which  is  easily  distingoishe<l  from  that 
due  to  n  concentration  of  the  noinnd  color  of  the  urine  itself.  After 
one  or  two  hours  of  repose  in  a  cylindrical  glass  vessel,  the  bloo<l- 
globules  are  slowly  deposited ;  and  when,  as  frequently  happens,  they 
are  entangled  in  minute  filamentous  coagula,  these  form  a  strongly 
colored  n-d  layer  at  the  bott<)in  of  the  vessel.  The  nature  of  the  deposit 
is  recognize+l  by  two  well-marked  characters,  namely ;  Ist.  The  blood- 
globules  are  easily  distinguished  by  micropcopic  examination,  their 
iKiturtil  form  not  being  entirely  lost  even  after  they  have  remained  ia 
tlie  urine  for  several  liotirs;  and  2d.  The  suja-mataiit  fluid,  when  de-^ 
canted  from  the  deposit,  is  found  to  contain  albmncn. 

Mucus. — The  sliglit  qnuntity  of  vesical  mucus  which  is  normally  con>| 
taiiied  in  the  nrine  is  at  first  uniformly  diBsemiunteil  throughout  its  mass,] 
and  even  after  Ijeiug  lell  in  repose  is  insnllleicnt  to  produce  any  well' 
marked  or  consistent  deposit.     Tlic  light  cloudy  opalescence,  which  it 
forms  at  the  bottom  of  the  vessel,  is  visible  only  on  close  inspection,  and 
is  readily  dis.seiniuated  again  by  the  least  agitation,     lint  in  cases  of 
inflammation  of  the  urinary  ULndderj  the  mmuis  iliscliarged  is  much 
increased  in  quantity  and  altered  in  quality.     It  then  appears  as  a  con- 
sistent mass,  which  does  not  mix  uniformly  with  the  rest  of  the  arinefj 
but  subsides  to  the  Ixittom  as  a  semiflidd  deposit-     Mucus  by  itself  j 
is    tnuiaparent    :iud    colorless,    but    it    fi-equenttj-   contains    a   certain 
number  of  eijitheliuni   cells  exfoliated  from  the  inner  surface  of  tha 
bladder;  and  when   crystalline  or   pulverulent  deposit-s  begin  to  tak6 
phice  in  the  urine,  they  occur  first  in  contact  with  the  mucus,  so  thatJ 
its  surface  is  olten  s[)rink!ed  with  a  thin  layer  of  the  urates  or  phos- 
phates, which  give  it  a  p.Trtly  opaque  appearance.     It  is  distinguished 
by  its  viscid  and  semifluid  consistency.     It  is  not  affected  by  beat,  botj 
is  coagulated  and  shrivelled  by  the  action  of  alcohol  and  of  nitric  or 
acetic  acid.     Urine  containing  mucus  is  especially  liable  to  rapid  de-j 
composition,  and  often  has,  soon  after  being  disuhargeil,  a  peculiarly 
offensive  odor  from  this  cause. 
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Pug. — When  {nn  is  eoiitAined  ia  tlie  urine  it  subsides  on  Btancling, 
&U(J  forma  at  the  bottom  a  (l«use,  botuogcntious^loukiiig,  creamy-white 
layer.  It  ia  |x'ril'ctl_y  fliiitl  iu  conaisteiicy  and  may  be  easily  dissemi- 
nated by  agitation.  Microseo|iic  (.-xuniitiatLuii  showy  it  to  be  composed 
exclusively  of  colorless,  granular,  nucleated  "■  pus-globules,"  identical 
In  api>carauce  with  the  white  glubukii  of  the  blood,  but  distinguit^bublc 
from  those  belonging  to  a  deposit  of  blood  by  their  much  greater 
abundance  and  l«y  the  absence  of  red  globules.     If  the  sujiernatant  fluid 

poured  otf,  and  a  few  drops  of  a  solution  of  caustic  alkali  added  to 
the  purulent  deposit,  it  loses  its  whito  color  antl  opacity,  owing  to  the 
solution  of  its  granukir  cells,  and  swells  up  into  a  transparent,  colorless 
substance  of  gelatinous  consistency,  which  can  no  longer  be  poured 
out  of  the  veastsl  iu  drops,  but  slides  out  in  a  single  semi-solid  mass. 
This  character  alouc  will  serve  to  distinguish  a  deposit  of  pus  from 
any  other  liable  to  occur  in  the  urine.  The  superuatunt  Gul<1,  when 
carefully  filtered,  is  found  to  contain  a  small  quantity  of  albumen,  the 
interstitial  duid  of  pus  l>eing  itself  albuminous. 

Decompositioa  of  the  tTrina 
After  its  discharge  from  the  body,  the  urine  undergoes  spontaneous 
|Change8,  by  whi(^h  its  ingredients  are  altered  ami  finally  disappear.  This 
>rf»ce8S  of  spontaneous  decomposition  is  densely  dependent  upon  the 
small  quantity  of  mucus  contained  in  the  urine,  since  it  is  very  much 
retarded  if  the  mucus  be  separateil  by  tmmetUate  filtration,  ami  is  hast^ 
ene<l  in  a  correspomling  degree  when  the  mucus  is  almomially  abundant. 
It  is  characterized  by  two  diilerent  stages,  which  are  distinguished  fromj 
each  other  by  the  successive  devclnpment  of  an  acid  ainl  an  alkaline 
Baction.  They  are  known  acconliugly  as  the  acid  and  the  alktdine 
fernienlations. 

AfUi  Frrnicntntion  of  the  Urine. — Tins  process,  which  is  the  first  to 
Bhf»w  itself  in  the  urine,  takes  place  for  the  most  part  within  the  first 
twelve,  twenty-four,  or  forty-eight  hours  after  the  discharge  of  the  iirine, 
according  to  the  elevation  of  the  surrounding  teni|)eratiin«.  It  consists 
in  the  luoduclioti  of  a  free  acid,  usu:iTly  lactic  acid,  frrun  some  of  the 
iiindcternnjied  organic  ingredients  of  the  excretion.  The  urino  when. 
?Bh  contains  no  free  acid  substance,  its  reaction  to  test-paper  beiug 
'due  to  the  presence  of  its  sodium  bipliosphate.  But  lactic  acid  has, 
notwithstanding,  been  so  ofl»-n  found  in  nearly  fresh  urine  as  to  be 
sometimes  regarded  as  one  of  its  normtd  c<)nstituent9.  Observation  has 
shown,  however,  that  urine,  although  entirely  free  from  lactic  acid  when 
first  passed,  may  present  distinct  traces  of  this  substance  after  some 
hours  of  ex|>OKure  to  the  air.  Its  pro<luctioii  in  this  way,  although  not 
constant,  appears  to  be  sutliciently  frequent  to  be  regarded  aa  a  normal 
process. 

During  the  period  of  the  acid  fermentation,  there  is  reason  to  believe 
that  oxalic  acid  is  also  sometimes  produced  iu  a  siiuLlar  muuuer.     It  is 
86 
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rertain  that  a  deposit  of  lime  oxalate  is  frequently  present  in  perfectly 
noi'Dial  urine  after  a  day  or  two  ol'exjrosure  to  the  atmosphere,  aud  may 
be  observed,  under  these  circumstances,  without  the  existence  of  aiiy 
morbid  symptom.  Whenever  oxalic  acid  is  formed  in  the  urine  it  must 
unite  with  the  lime  in  [^reference  to  any  other  of  the  bases  present,  and 
is  connequently  deposited  under  the  form  of  Ume  oxalate;  a  salt  which 
is  qiiitt'  iuifoluble  both  in  water  and  in  the  urine,  even  when  heate<i  to 
the  boiling  [mint.  In  these  cases,  llie  lime  oxalate  crystals  gradually 
up{>ear  in  the  light  cloud  of  mucus  collected  at  the  bottom  of  the  vessel,] 

while  the  supernatant  fluid  re- 
'^'       '  mains  clear.  They  are  of  minute 

size,    for   the    most   part    just 
visible  to  the  naked  eye,  rather 
scanty  in  amount,  transparent, 
and  colorless.     They  have  tLe. 
form  of  regtdar  octobedra,  of 
double  quadrangular  pymmidSf  | 
united  base  to  base.   They  make 
their  ufipearance  usually  about 
the  eommeiicement  of  liie  8eo< 
ond  tlay,  the  urine  at  the  s-tme 
time  continuing  clear  and  re- 
tiviniog^  its  acid  reaction.     They , 
frequently  appear  as  a  dejiosit 
when  no  substance  contain! tig] 
oxalic  acid  or  oxalates  has  been  i 
taken  with  the  food.     The  pre- 
cise  source  from  which  the  oxalic  aci<l,  under  these  circumstances,  is 
derived  has  not  been  fully  determined,  but  it  is  most  probably  pro<luced 
from  a  metamorphosis  of  a  small  portion  of  the  uric  acid  of  the  urine. 
If  uric  aciil  be  boiled  in  two  parts  of  water  with  lead  peroxide,  it  is  <le*j 
coinjwsed,  with  the  prodnetinn,  among   other   8tlb^^t{^nces,  of  urea  and] 
oxalic  acid  ;  and  it  is  supposed  that  some  similar  change  may  take  plaeej 
in  the  urine,  causing  the  ap[>earance  of  a  minute  quantity  of  oxalic  acid»| 
which  decomposes  a  portion  of  the  lime  salts  and  thus  appears  asai 
crystalline  deposit  of  lime  oxalate. 

J I  ka  line  Ft'rmentatwn  of  the  Vrine. — At  the  end  of  a  few  days  the 
changes  above  described  come  to  an  end, and  are  sueeeede<l  by  a  diflerentj 
pro<*ess,  wbtoli  consists  essentiHlly  in  the  decomposition  of  the  urea  of' 
tlie   urine    and    its   translbrmation    into  ammonium    carbonate.      This 
change,  which  may  be  produced  arlifleially  in  a  watery  solution  of  urea 
by  continued  boiling;,  takes  plfice  in  the  urine  slowly  at  low  tempera- 
tures,  more   ra|»iilly   during   warm    weather.      The   elements   of   two 
molecules  of  water  imite  with  tliose  of  the  urea  undergoing  decomposi-i 
tio2,  to  produce  ammonium  carbonate,  as  followa: 

t're*  Ammnnlum  n^rhnnatM. 

CH.N,0  +  H.O,  =  (NH.),CO,. 


Crv«tjilb  Or  Limb   Ozalatk,  deposited 
from  henllliy  urlur,  ilurio;  the  iteid  rerment&tlon. 
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The  first  portions  of  the  aiumoniac-al  salt  tluis  produced  neutralize  a 
corresponding  qimntily  of  the  sodium  biphosphnle,  so  that  the  acid 
reuctiotj  of  the  urine  diminishes  in  intensity.  Tin's  reaction  gradually 
becomes  weaker,  as  the  feriiieutatiuu  proceeds,  until  it  at  last  disap|)ears 
III  together  and  the  iiriue  becomes  neutrid.  The  production  of  ammonium 
carbonatp  still  continuing,  the  reaction  of  thi'  fluid  then  becomes  alkaline, 
an«l  its  alkalescence  gruws  more  pronounced  with  the  constant  accumu- 
lation of  the  ammoniacal  salt. 

The  lime  at  wLicli  the  alkaline  reaction  of  the  urine  l)ecome8  estab- 
lished varies  with  its  original  degree  of  acidity  and  with  the  rapidity  of 
its  decomposition.  Urine  which  is  neutral  \vhen  first  passetl,  as  often 
happens  with  that  disclmrged  during  the  earlier  part  of  the  day,  will  of 
course  l^ei'ome  alkaline  more  reavlily  than  thai  which  has  at  first  a 
strongly  acid  reaction.  In  the  summer,  urine  will  become  alkaline,  if 
freely  exposed,  on  the  third,  foitrlh,  <tr  fifth  day ;  while  in  the  winter,  a 
8|>(tH?imen  kept  in  a  coot  |ilacc  may  slid  be  nenlral  at  the  en<l  <j1'  fifteen 
days.  In  cases  of  paralysis  of  the  bladder  accompanied  with  cystitis, 
where  the  vesical  mucus  is  increased  in  qnantity  and  altered  in  quality^ 
and  the  urine  is  retnineil  in  the  bladder  for  ten  or  twelve  hours  at  the 
temjieraturo  of  the  body,  it  may  change  80  rapidly  as  to  be  distinctly 
alkaline  and  ammoniacal  at  the  time  of  its  discharge.  In  these  cases  it 
is  acid  when  fust  secreted  by  the  kidneys,  and  becomce  alkaline  while 
retained  in  the  interior  of  the  bladder. 

The  first  eflect  of  the  alkaline  comlition  of  the  urine,  thus  produced^ 
is  the  precipitation  of  the  earthy  phos|thate8.  This  precipitate  slowly 
Brttles  upon  the  eides  and  bottom  of  the  vessel,  or  is  partly  entangled 
with  certain  animnl  matters  which  rise  to  the  surface  and  form  n  thin, 
opaline  scum  upon  the  urine.  There  are  no  crystals  to  be  seen  at  this 
time,  but  the  deposit  is  entirely  amorphous  and  granular. 

The  next  change  consists  in  the  production  of  a  new  salt,  the 
ammonio-vtagitfsian  phoxphate^  by  the  combination  of  the  ammonia 
formed  from  the  nrea  with  the  magnesium  [ilnisphate  already  present  in 
the  urine.     The  change  may  be  repivsented  as  follows: 


Ma^eilum  phoBphatc, 

MgHPO,         + 


Ammonia.        AmmoDlo-inAgnriiliin  phoipbata. 

Nil,  ^  MgNH.PO, 


The  crystals  of  this  salt  arc  very  elegant  and  characteristic.  They 
show  themselves  thronghcHit  nil  parts  of  the  mixture,  growing  gradually 
in  the  mucus  at  the  bottom,  adhering  to  the  sides  <if  the  glass,  and 
scattered  abundantly  over  the  film  which  collects  upon  the  surface.  By 
their  refractive  power  they  give  to  this  film  a  peculiar  glistening  and 
iridescent  appearance,  which  is  nearly  always  visible  at  the  end  of  six 
or  seven  days.  The  crystals  are  j)erfectly  colorless  and  transparent,  and 
have  the  form  of  triangular  prisms,  generally  with  bevelled  extremities. 
Their  etlges  and  angles  arc  frequently  rejilaced  by  secondary  facets. 
They  arc  insotnble  in  alkalies,  but  are  easily  dissolved  by  acids,  even 
in  very  dilute  form.     At  first  they  are  of  minute  size,  but  gradually 


increase,  s 

eight   days   they   may   become 

visible  to  the  ttakcil  eye. 

As  the  decomposition  of  the 
iinne  continues^  the  ninmotiium 
carbonate  which  is  pro«iu(eti, 
after  gaturuting  all  the  other 
ngredients  with  which  it  is  ca- 
pable of  entering  into  combiua- 
lion,  begins  to  be  given  off  in  a 
free  form.  The  urine  then  ac- 
quires an  ammoniacalotlor;  and 
a  piece  uf  moistene<l  test-|>aper,  ^m 
Letd  a  liltle  above  tlie  surface,  ^| 
will  have  its  color  tuiued  by 
the  alkaline  gas  escaping  from 
the  IJiiirl.  Thi»  is  the  source 
of  tlie  inmnoniacal  vapor  given 

off  wherever  urine  h  allowed  to  reraain  uud  tlecompose.     It  contiunes 

until  all  the  urea  has  been  decomposed. 


Ckfbtals  of  a  Jf  HON  io-M  aokcri  an 
PiiOKPHATK,  <1rpoiiti('d  fiom  healthy  uriue, 
during  the  alk&liQe  fermentivLlou. 


Renovation  of  the  Body  in  the  Nutritive  Process. 

As  the  materinls  of  tmtrition  are  constantly  introduced  with  the  ftiotl, 
while,  on  the  otljcr  hand,  iht-  [)roduct8  of  excretion  are  reiuttve*!  from 
the  body  and  discharged  extemnlly  by  the  breath,  tlie  perspiration,  the 
urine,  and  the  feces,  on  iiict^Hsant  renewjii  takes  pluee  in  the  iiigrwlients 
of  which  tlie  animal  system  is  coni|Kise<l.  During  the  early  perioiU  of 
growth  and  <levelopmi!nt,  the  quantity  of  material  intrrxtuced  is  greater 
than  that  discharged,  and  the  boily  consequently  increases  in  weight 
and  size.  In  wasting  diseases  and  in  advacucil  age,  the  loss  of  sub- 
stance by  excretion  exceeds  the  gain  by  nutrition,  and  the  weight  of 
the  body  is  therefore  diminished.  But  during  health,  in  adult  life,  the 
two  processes  are  equal;  and,  with  certain  temporary  fluctuations 
which  counterbalance  each  othei-,  the  weight  of  the  body  remains  the 
same. 

The  total  quantity  of  ninterial,  introduced  and  dischargwl  within  a 
given  time,  forms,  accordingly,  a  measure  of  the  rapidity  with  which  the 
internal  changes  of  nutrition  and  metamor[>ho9is  go  on  in  the  aninuU 
system.  It  is  not  jwssible  to  indicate  tiiis  qu:intity  in  either  case  with 
absolute  accuracy;  but  the  observations  which  Inue  been  made  in  lhi» 
direction  are  sutficiently  definite  to  show,  in  a  general  way,  the  avemi 
results  of  the  two  corresponding  actions  of  waste  and  supply.  The 
following  table  gives,  a|ii)ntxinmtely,  the  daily  quantity  of  inaterinl 
absorbed  and  discharged  in  a  healthy  ailult,  the  weight  of  the  bofly 
remaining  sensibly  unaltered: 
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AbMrbed  during  U  houn. 


DiaehArgvd  during  M  houn. 


Water 

2250 

^ammes. 

Carbonic  acid    . 

750  grammes. 

Oxygen 

700 

II 

Aqaeoas  vapor . 

500 

AlbomiDom  matter  . 

130 

li 

Perspiration 

850 

Starch  and  sugar 

300 

" 

Water  of  the  urine 

1200 

Fat    . 

loo 

II 

Urea  and  salts  . 

70 

Salts          .        .        . 

20 

ii 

Feces 

130 

3M0 

^mines. 

3500  grammes. 

Rather  more  than  5  per  cent.,  therefore,  of  the  entire  bodily  weight  is 
ab8orl)ed  and  discharged  daily  by  the  healthy  adult  human  subject; 
and,  for  a  man  having  the  average  weight  of  65  kilogrammes,  a  quantity 
of  material,  equal  to  the  weight  of  the  whole  body,  thus  passes  through 
the  system  in  the  course  of  twenty  days. 
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GENERAL  STRUCTURE   AND    FUNCTIONS  OF  TRR 
NEIIV0U8  SYSTEM. 

The  ncrvoua  system  is  an  npparatuB  of  intcrcoDtniuiacating  fibres  ami 
cells,  diHseraiHaletl  tbntughout  the  body,  ajid  Rtaiitlirifj  in  aualomiejtl 
connection  witb  tfie  viirioiis  organs  of  tlie  animal  Hystom.  It  bm  pro- 
pt!rtie8  which  are  different  from  those  of  tin;  *)tUer  organized  tiasuoB, 
and  Lbe  offset  of  its  ojwnition  is  to  bring  the  active  phenomena  of  vari- 
ous parts  of  tliL"  body  ititn  &  definite  relation  witb  each  other,  and  with 
those  of  the  outside  worUy  It  in  therefore  a  nitMlium  of  commnnicn- 
tion,  b}'  which  the  ditferent^animal  functions  are  associated  together  in 
harmonions  action,  antl  are  stiniulnted  or  modified  acconling  to  the 
domajida  of  the  .system  itself  or  the  varying  influence  of  externid  condi- 
tiong. 

Each  organ  and  tissue  of  the  l:»ody  possesses,  independently  of  the 

nervous  S3'8tera,  certain  characteristic  properties  or  moiles  of  activity, 

which  rany   be  called   into  operation   by  any  appro[iriute  litiniulus  or 

exeiling  cause.     If  the  heart  of  a  frog,  after  its  removal  from  the  body, 

touched   with  the   point  of  a  Bteel  needle,  it  contracts  and  repeats 

ry  nearly  the  movement  of  an  ordinary  pulsation.     If  the  leg  of  the 

same  animal  be  separated  from  the  thigh,  the  integument  removed,  and 

the  poles  of  a  galvanic  battery  applied  to  its  expose<l  surface,  a  mus- 

ular  contraction  takes  plac*e  at  the  moment  tlie  electric  circuit  is  com- 

ited.  TliB  application  of  heat,  friction,  or  an  irritating  liquid  to  a 
particular  part  of  the  integument  brings  on  a  local  redness  which  again 
subsides  after  the  removal  of  the  exciting  cause  ;  and  a  solution  of 
lK*lladonna  dropped  upon  the  cornea,  when  absorbed  by  the  tissues  and 
brought  in  contact  with  the  iris,  produces  a  change  in  the  condition  of 
its  fibres  and  a  dilatation  of  the  pupil.  In  these  instances,  the  organ 
which  |x;rforms  the  vital  act  is  excited  by  the  direct  application  of  a 
stimulas  to  its  own  tissues. 

But  this  is  not  the  mode  in  which  the  natural  functions  of  the  animal 

tslem  are  excited  during  life.     The  physiological  stimulus  whicli  valla 
(  399  ) 
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into  action  the  organs  of  the  living  h<M.\y  is  not  direct  but  indirect  in  ita 
0{K<raliun.     Jii  the  healtliy  am]   ujiinjiired  condition  of  the  frame,  the 
mivsclea  are   never  made  to  contract  by  an  external  8timulu6  applied 
immediately  to  their  own  libres,  but  by  one  which  lir»t  operates  apun 
some  other  organ,  adjacent  or  remote.     The  v^irious  secreting  glands 
have  their  functioned  activity  iiicivased  or  dtminiHhet)  by  causes  which 
are  directly  applied  uot  to  themselves  but  to  other  parts  of  the  body; 
as  where  a  flow  of  saliva  from  the  parotid  is  produced  b}"  fowl  intro- 
ducetl  into  the  cavity  of  the  moutti,  or  where  the  discharge  of  [>er8pira« 
tion  by  the  skin  is  modiGed  by  the  influence  of  mentid  con<litionB.     A» 
a  rule,  tliereforo,  in  the  natural  state  of  the  system,  the  various  organs 
situated  in  different  parts  of  the  Imdy  are  connecteil  with  each  other  hy 
a  mututd  sympathy  which   rcg^idntes  their  pliysiological  aclion.     Thia 
connection  in  established  through  tlie  medium  of  the  nervous  s>'8tem. 

The  funclion  of  the  nervous  system  is  therefore  to  axsoeiate  the 
different  partu  o/'  Ihf  bodtf  in  guch  a  manner^  fha(  alimulus  ajyplied  to 
one  organ  may  excite  the  activity  of  another. 

The  Instances  of  this  motle  of  action  are  as  numerous  as  the  dffTeren 
vit:d  phenomena.     The  stimnhiH  of  light  falling  upon  the  retina  pro 
duces  contraction  of  the   pupil.     The   introduction   of  focwl   into  tbi 
atomach  causes  the  gall-bladder  to  empty    itself  into  the  dnodenii 
The  contact  of  alirpcntary  substances  with  the  mucous  membrane  o: 
the  intestine,  excites  the  ]>eristaltic  actitm  of  its  muscular  coat.     T 
presence  of  a  growing  fa»tus  in  the  uterus  is  acconipanied  by  an  increa 
growth  of  the  mammary  glands.     Every  orgtin  is  sabservient,  in  t! 
manifestation  of  its  functional  activity,  to  influences  from  other  parts, 
a  structure  ditlereut  from  its  own. 
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GFeneral  Stracture  of  the  Ifervoiu  Syitem. 

The  nervous  system  consists  of  two  kinds  of  nervous  tissue,  differing^ 
from  each  other  in  appearam*,  structure,  and  pliysiological  endowment 
One  of  these  is  the  white  aubalaricc,  composed  of  nerve  fibres  alone;  the' 
other  is  the  gray  niibHtance,  which  coutainH,  in  addition  to  the  nerve 
fibres,  iiilerslilitd  matter  and  neive  cells.  The  white  substance  is  found 
in  the  trunks  and  branches  uf  the  nerves,  on  the  surface  of  the  spinal 
cord,  and  in  the  internal  parts  of  the  brain.  The  gray  substance  furtns 
the  external  layer  or  convolutions  of  the  brain,  as  well  as  varioutt  de- 
posits about  its  base  nn<l  central  parts,  the  central  portion  of  the  spinal 
cord,  and  a  large  number  of  smnll  detached  masses  in  different  parts  of 
the  !>ody.  These  two  kinds  of  nervous  tissue  are  so  different  in  tbeifj 
propei'tiea  and  fuuclion  as  to  require  for  each  a  separate  descripUuu. 


ITerve  Fibrea. 
The  nerve  fibres  are  cylindrical  filaments,  nrranped   In  bundles 
tracts,  in  which  they  run,  for  the  most  part,  in  a  direction  ]>arallel  to 
each  other.     Their  diameter  varies  considerably,  even   in   the   sama. 
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locality  ;  some  of  the  filtres  in  a  single  bundle  being  10,  15  or  18  micro- 
luillimutreH  in  dianietor,  while  otliers  are  not  more  timti  2.5  nimtn.  Their 
average  8iz^  nlso  varies  in  ilitferent  [mrta  of  Uie  nervons  Kystetn.  The 
larger  fibres  are  found  in  the  peripheral  Iriinks  and  braneht'S  of  the 
nerves,  where  they  have  an  average  diameter  of  12.5  muini. ;  in  the 
white  substance  of  the  brain  and  s[iinal  cord  their  average  diameter  19 

ramm.,  and  in  the  gray  subHtanec  it  is  reduced  to  2  nitiim.  Two  por- 
tions* of  the  nervons  system,  liolh  of  which  contain  nerve  flbre»,  are 
often  distingnislied  from  eaeh  other  by  the  relatiie  numlK-rs  of  their 
larger  and  smaller  fibres.  Tluis  in  the  ciitaneoiis  nerves  of  rnitn,  aecord- 
injj  to  Bidder,  Volkniiinn,  and  KoHiker,  the  larger  and  smallfr  fibres  are 
present  in  alxjut  equal  quiintity,  while  in  tlie  muscular  nerves  the  larger 
fibres  are  tliree  times  as  abundant  as  the  sninller.  In  the  nerves  of  bony 
tissue  the  proptirtioii  of  small  fdires  is  doH))le  that  of  the  large  onr^a, 
nod  in  the  gray  substance  of  the  cerebral  liemisjiherea  then?  are  none 
larger  than  fi  or  7  mmm.  in  dirtmeter.  The  nerve  fibres  l>elonging  to  the 
same  bundle  or  tract  may  even  become  increased  or  diminished  in  diameter 
in  different  parts  of  their  eonrst- ;  as  Kolliker  has  shown  tliat  the  filtres 
of  the  posterior  roots  of  the  spinal  nerves,  in  passing  tlirough  the  cord 
from  the  exterior  to  the  gray 

substance,  are  reduced  in  their  Fig,  134. 

average  diameter  from  10  to  5 
mmm. ;  and  those  of  the  white 
substance,  of  the  eercbrnl  hemi- 
spheres, on  entering  the  gray 
matter  of  the  cfmvolntions,  are 
reduced  from  5  mmm.  to  2 
mmm.  in  diameter. 

The  structure  of  the  nerve- 
rtlue,  in  its  most  complete 
form,  presents  three  distinct 
elements,  namely  :  an  external 
tubular  sheath,  an  intermediate 
medullary  layer,  and  a  central 
^xis  cylinder. 

The  Tubular  Shealh.—Tin» 

.^4.     •            »   II                      at         •  Nekvb  PiBRKi  from  the  SoUHo  Nerre  —  A.t 

iXtenor    of   the    nerve   fibre   is  «,  the  torn  extremltj  of  .nerve  Bbre  with  the  ,xU 

eora[K)Sed  of  a  colorless,  trans-  eyUnder  (»)  protruding  from  It.    Ate,  the  medul- 

.         .     ,     ,                         ,  Inrjr  layer  is  uenriT  ■epnrKtcd  by  ncclOentMl  eon- 

pnrent      tubular       membrane,     pre„io„,  tut  the  .si.  cylinder  p««c.  »cro..  th« 

which    cbisely    invests    the    re-      injured  portion.    The  outline  of  the  tubulnr  mem- 
^^z^:^      ^    -'.•    „  J    •  brnnei.  al.o  .een  .Icon  theoutBldeof  lh«r«in»in- 

maining  port  ions  and  is  seen     ing  poriion.  of  th«  Bbr., 
with    some    difficulty    in    the 

natural  condition  of  the  fibre,  owing  to  its  extreme  thinness  and 
tlelicacy.  It  may  often,  however,  be  distinguished  at  certain  points 
where  the  ner^'oua  flbie  is  accidentally  compres8e<l  or  indented,  as  at  r, 
~  34;  or  it  may  be  brought  into  view  for  considerable  distances 
ling  to  the  method  of  Kolliker,  by  treatijig  the  fibres  with  a  cold 
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Bolntion  oT  sodium  hydrate,  and  afterward  boiling  them  for  an  instant 
in  the  same  fluid.  This  exiructs  tlie  greater  part  of  their  contenls,  and 
leaves  the  lulnilur  sheath  in  thv  form  of  aii  enipdy  cjiiodricsl  canal.  In 
Its  gtnuu'al  flu-'iuiciil  leiatioiiH,  tlie  tuliohir  sheath  is  simitar  to  the  sW- 
colenima  of  musoular  fibrt;,  its  principaJ  physical  properties  licing  it» 
cohesion  and  elasLieity.  Its  phy siologiea!  function  is  undoubtedly  that 
of  a  protecting  enveli>|K3,  by  which  the  iiiterual  [lortions  are  maint&ini'd^y 
in  jiluce  attd  preserved  from  mechanical  injury.  ^M 

The  Medullary  Laynr — Immediately  within  the  tubular  sheath  is  ft 
layer  of  transparent,  highly  refriicti\e,  nearly  fluid  material,  of  olea^' 
nous  consistency,  terraeil  the  mctlullary  layer,  or  medulla,  which  gi> 
to  the  nerve   fibres,  and  the   tracts  composed    of  them,  a  white 
sljining  aspect.     This  subt^tance  is  rea<lily  altered  by  a  diminution 
temperature,  or  by  the  contact  of  unnatural  fluids,  even  by  ex{X)sure  to 
the  air  or  the  imbibition  of  water,  or  by  the  ordinary  manipulatioi 
rcquire<l  in  preparing  it  fur  microscopic  examin:ilion.     Under  these 
fluenees  it  undergoes  a  sort  of  coagidution,  lieing  i«icreafte<l  in  dentii^ 
and  in  refractive  power,  so  that  VnAh  its  external  and  internal  limits 
indicated  by  a  dark  and  strongly  marked  outline.     This  gives  to  the 
nerve  fibre  the  very  characteristic  appearance    of  a    cylinder  with  a 
double  contour,  presenting  two  distinct  paridlel  outlines  at  each  etlgc; 
an  nii])earance  by  which  it  miiy  tie  easily  distinguished  from  any  oli 
anatomical  clement.     As  the  eoagulatirm  of  the  medullary  layer  gc 
on,  its  outlines  become  more  or  less  irregular,  and  after  a  certain  tin 
it  in\'oh'es  tl>e  whole  of  tlie  fibre  in  a  more  or  less  confused  mass 
irregularly  refracting    substance.     The   fibres  containing  a  mciluUarji 
layer,  and  exhibiting  the  characteristic  double  contour  due  to  its  pr 
sence,  are  culled  •'  medullated  nerve  fibres." 

In  the  smaller  variety  of  nerve  fibres  from  the  substance  of  the  brai 

and  spinal  cord,  the  ex  term 
tubular  sheath  is  wanting, 
at    least    cannot    be    demo 
strated  ;  and  such  fibres,  owin| 
to  their  want  of  support  and 
their  «oft  consistency, are  rea<l- 
ily  distorted  hy  accidental  pre 
sure,  or  by  the  contact  of  re 
gents.     The}'  become  swolU 
or   varicose  at    manj'   pointsj 
and  the  meclullary  substanc 
is  forced  out  or  exudes  froi 
their  torn  extremities  in  irr 
gularly  globular,  fusiform,  or 
filamentous  masses,  which  show 
on  their   exterior  the   douhk 
contour   due  to   a   BU{)crQcii 
coagulation.     These  detacl 


Fig.  135. 


NeRTB  FiBRtA,  TruTii  the  white  cutxtKncc  at 
the  brnln. — a, a,  a  fortloai  of  tho  mjrellDe,  iireiseil 
out,  nnd  ajaling  In  Irrvgulftrly  ruunUed  dropi. 
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18,  wbieli  are  everywhere  visible  in  ordinary  microscopic  prepa 
rations  of  the  brain  substance,  art;  termetl  *'  myeline  drops,''  and  owe 
their  pei'uliar  appearance  to  the  nature  of  the  Ingi'edients  which  form 
the  raeddllary  layei"  of  the  nerve  fibre.  Tlie  medullary  layer  is  com- 
posed of  ft  Buhatance  teimetl  tnyeliuf,  which  is  not,  however,  a  dialinct 
proximate  princiiile,  hut  is  itself  a  mixture  of  various  ditfereut  mate- 
rials. It  consists  mainly  of  cerebrine,  n  nitrogenous  matter  found  only 
in  the  nervous  tissues,  together  witli  a  large  proportion  of  cholesterine 
and  fat.  There  is  also  a  certain  proportion  of  iecitliine,  a  nitrogenouu 
and  phoiiphorized  nuittiM*,  which  is  also  fonnd  in  the  grny  substance. 
The  mixture  of  these  ingre<Uents  gives  to  tlie  myeline  its  peculiar  con- 
sistency and  reaction. 

In  regard  to  its  physiological  function,  the.  medullary  layer  of  the 
nerve  fibre  is  generally  considered  as  an  isolating  substance,  like  the 
gutta-percha  envelope  of  a  submarine  telegra|>h  wire,  so  an*anged  as  to 
/confine  the  transmi.ssion  of  nerve  force  within  proper  limits,  and  prevent 
'  its  diffusion  to  neighboring  parts.  We  have  no  absolute  proof  that 
sucii  is  its  true  cliaracter,  but  there  are  some  facta  which  lend  a  certain 
probability  to  this  view.  The  m(-dnllary  layer  exists  throughout  the 
main  portion  of  a  large  majority  of  the  ner\e  fibres,  where  they  trans- 
port the  nervous  stimulus  uniuterruptt-diy  from  one  point  to  nnother; 
but  thej-  are  destitute  of  it  both  at  their  origins  and  terminations, 
where  the^-come  in  contact  with  the  elements  of  the  gray  matter,  or  are 
connecte<l  with  the  peripheral  organs  of  sensation  and  motion.  What- 
ever may  be  its  exact  function,  therefore,  the  medttlla  evidently  plays  a 
secondary,  and  not  a  priucipid  part,  in  the  physiological  action  of  the 
nerve  fibre. 

The  AxtH  Cylinder. — The  central  part  of  the  nerve  fibre  consists  of  a 
palo,  homogeneous,  or  finel^y  granular  cord,  of  a  cylindrical  or  slightly 
flattene<l  form,  occupying  tlie  jiosition  of  the  longitudinal  axis  of  the 
fibre.  From  these  chnracters  it  has  received  the  name  of  the  "  axis 
cylinder."  It  differs  from  the  meiluUary  la3'or,  by  which  it  is  enveloped, 
in  consisilency ;  for  while  the  latter  is  nearly  fluid  in  its  natural  con«li- 
tion,  the  axis  cylinder  is  solid,  aii<l,  though  very  delicate,  possesses  a 
certain  degree  of  elasticity,  liy  some  observers  (Schultze,  Gerlach)  the 
axis  cylinder  is  reganle<l  as  compose<t  of  many  excessively  minute  flbril- 
lae,  unite<l  into  a  uniform  bundle;  by  others  of  etjual  authority  (Kbl- 
liker)  the  indications  of  such  a  fif)rillated  constitution  of  this  part  of  the 
nerve  fibre  are  considered  as  uncertain. 

The  axis  cylinder  is  composetl  of  iin  albuminous  substance  which  is 
insoluble  in  water,  alcohol,  and  ether;  becomes  pale  and  swollen  by  the 
action  of  concentrate<l  acetic  acid  ;  and  is  readily  dissolved  by  a  boiling 
Bpiution  of  so«lium  hj'drate.  It  is  8taine<{  ]-ed  b^'  treatment  with  a  solu- 
■jjJIMi  of  carmine,  while  the  enveloping  medullary  layer  remains  un- 
<k>lored;  and  by  this  means  a  visible  distinction  may  Ite  made  betv-'een 
the  two.  The  application  of  a  solution  of  gohl  chloride,  and  subsequmt 
exposure  to  light,  stains    the  axis  cjiinder  of  a  dark  purple,  nearly 


black  color;  and  by  tbis  mode  of  preparation  nervous  fibres  of  eslreno* 
dulieacy  bave  been  traced  uinoug  surrounding  tissues,  wbere  they  woul<^ 
otherwise  escape  observation. 

In  its  pliy«io!ogieal  pro])erties,  tbe  axis  cylinder  is  undoubte^lly  th 
moat  essential  eletneut  of  tbe  nerve  tibre,  since  it  is  tbe  only  one  univer- 
sally present,  and  til\va3-s  extending  througbout  tbe  wbole  length  of  i 
fibre  flora  its  oriirin  to  its  tenni nation.  Its  albuminous  nature  a|80^~^ 
distinguishes  it  from  otber  parts  of  the  nerve  fibre,  and  indicates  the"^^ 
relative  inii)ortance  of  its  function.  It  is  probably  through  the  axis 
cylinder  that  tbe  passage  of  tbe  nerve  current  takes  place,  and  in  ita 
substance  that  the  priueipal  cbaugt'S  aecurapauying  this  action  ai 
etic't:tt:d. 

A'oit-Medullated  A>rt>e  Fibrefi. — Beside  tbe  nerve  fibres  constitutei 
as  aljovcj  by  an  axis  cylinder,  hurrounded  by  a  uietlullary  layer,  with  ol 
without  an  external  tubular  membrane,  there  are  others  which  cronsi^it 
of  tbe  axis  cylinder  destitute  of  any  medullary  layer,  and  which  cons©-! 
quctilly  do  not  exhibit  the  appearance  of  a  double  contour.     These  a: 
called  "non-meduUated  nerve  Dbres.''  /They  are  found,  in  man,  only  in 
certain  parts  of  the  sympathetic  nerves,  in  tbe  termimJ  nervous  expi 
sions  of  tbe  mnscle«  and  organs  of  sense,  and  in  tbe  nervous  centres 
the  immediate  vicinity  of  the  cells  of  the  gray  substance.  1  In  the  syra- 
p.atlictic  nerves,  they  are,  for  tlie  most  part,  tiiingled  with  a  considerabV 
proportion  of  medullated  fibres,  though  some  of  the  sympathetic  braucb 
distributed  to  the  intestine  an<l  tbe  spleen,  according  to  SchuUze, 
composed  of  non-medullateil  fibres  exclusively.     The  branches  of  tl 
olfactory  nerve,  distributed  to  the  nasal  mucous  membrane,  also  consl 
altogether  of  fibres  of  tbis  kind.     Such  nervous  brunches  bave  not  Ihi 
white,  opaque  aspect  belonging  to  other  nerves,  but  are  grayisb-lookini 
and  senii-traDSparent  in  appeanincc;  a  peculiarity  which  is  evidently  d 
to  the  absence  of  the  myeliue  or  medullary  layer. 

The  same  nerve  fibre  may  be  medullateil  for  the  greater  part  of  i 
course,  and  become  destitute  of  medulla  at  its  termination,  as  is  ibe  n 
with  the  cerehro-spinal  nerves  generally;  or  fibres  may  originote  in  tl 
gray  substance  as  non-me<lullatcd  axis  cyl)n<lers,  and  become  inveete 
after  a  short  distance,  with  a  distinct  mednll.iry  layer.  Tbe  non-medti 
lated  nerve  fibres  are  not,  therefore,  regaitled  as  essentially  differcul 
from  tbe  others,  but  only  as  presenting  a  less  complicated  form  <>f  strn 
ture. 

Coume  and  Mutual  Rrlation  of  the  Nerve  Fibre)*. — In  the  wliite  suD- 
stance  of  the  brain  and  spinal  cord,  the  nerve-fibres  form  continuon 
tracts,  of  larger  or  smaller  size,  lying  in  contact  with  each  other,  an 
not  mingled  with  any  eonsidernlile  proportion  of  other  tissue.  But  o9n 
passing  out  of  ihc  bony  cavities  toward  the  exterior,  they  become  col- 
lected into  small  bundles,  each  of  which  is  invested  with  a  thin  pro- 
longation of  connective  tissue,  derive<l  from  the  dura  mater  and 
periosteum ;  these  buuilles  are  associated  into  larger  ones  which  are 
held  together  by  a  denser  layer  of  the  same  connective  tissue ;  and 
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Snnlly  the  wbole  are  united  into  a  single  compound  mass  by  its  exterior 
investment,  wliich  is  kiiown  as  the  *'  neurilemma."  Sueh  a  complete 
bundle  is  called  a  tte.j-iw,  ami  the  nerve  libres  of  which  it  is  e<jni|)08ed 
arc  usually  all  distributed,  alter  u  longer  or  shorter  transit,  to  acisociated 
organs,  or  to  adjacent  regions  of  the  body. 

The  nerve  fibres  themselves  are  not  known  to  divide,  branch,  or  inoscu- 
ite  with  each  other  in  any  part  of  their  course  througii  the  main  trunks 
'and  branches  of  the  nerves.  So  far  as  observation  goes,  each  nerve 
fibre  is  continuous  and  independent,  IVora  its  origin  in  the  nervous 
centres  to  within  a  microscopic  distance  of  its  peripheral  termination. 
When  a  nerve  tlierefore  divides  ^uring  its  course  into  several  branches^ 
or  when  the  brandies  of  aiJjacent  nerves  inosculate  with  each  other 
to  form  a  pk-xus,  !ike  the  eervicid,  brachial,  or  lumbar  plexuses,  this  is 
only  because  certain  ultimate  nerve  fibres,  or  bundles  of  librea,  leave 
those  with  which  they  were  previously  associated,  and  pursue  a  dillerent 


Fipf.  1.3fi. 


Fig.  137. 


(a),  tQio  lU  ultimate  ttbrck,  b,  c,  d,  e. 


loDieulAtlou  of  NsRvas. 


direction.     A  nerve  which  originates,  for  example,  from  the  spinal  cord 
id  runs  down  the  upper  extremity,  to  be  finally  distribute*!  to  the  in. 
^guraent  and  muscles  of  the  Imnd,  contninn  at  its  point  of  origin  all  the 
fil.-tments  into  which  it  is  afterward  divided,  and  which  are  merely  sepa- 
rated at  successive  points  from  the  main  bundle.     In  case  of  the  inoscu* 


GENERAL    STRUCTURE    AND    FUNCTIONS 


> 


I 


lation  of  two  norvos,  the  communication  between  them  is  eflected  M 
some  of  the  fibrea  belonging  to  tlie  first  passing  over  from  it  to  join  tto« 
second,  while  some  of  those  belougmg  t,o  the  second  may  also  cross  aX*' 
join  the  first  ;  tlie  ituUviiJual  fibres  in  each  instance  remaining  distinct 
nnd  retaining  tlieir  identity-  throiiglioiit.      In  whatever  way,  theivfo 
the  nerve  fibrea  are  assotuated  iu  the  various  trunks  and  branches 
the  nerves,  they  may  still  net  in«lependently  and  preserve  their  speci 
functions  in  every  part  of  thetr  eourse. 

Periphfrat  Terminalion  of  tfie  Nerve  FibreK. — Near  tlie  temiinatio 
of  the  nurve  fibres    in  the  tisanes  to  which  tiiey  nre  distributeil.  they 
present  certain  important  moditictitioBs  both  in  structure  and  arrange- 
ment. 

First,  the  smaller  nervons  branches,  or  bnndlcs  of  nerve  fibres,  after 
penetniting  the  substance  of  the  tissues,  suddenly  divide  and  subdivide 
with  imnsnal  riipidity  ;  and  these  suUlivisions,  uniting  with  each  other 
by  inosculation,  I'onii  ftbinubint  p/f.r »«■.•»,  from  which  are  given  otT  the 
individuid  flbr^-a  supplying  Ibe  anutomicnl  elements  of  the  tissues,  la 
the  ekin  there  are  two  snch  nervotiii  plexuses,  a  deeper  and  a  more 
superficial,  of  which  the  latter  is  the  more  closely  set  and  compose<l  of 
mure  slender  bundles,  coMtuining  only  one  or  two  fibres  each.  As  « 
general  rule,  also,  in  other  tissuos,  ^he  last  or  terminal  plexus  is  the 
finest,  and  incloses  between  its  meshes  the  narrowest  interspaces.  \  Tbe 
nerve  fibres,  on  reaching  tlie  situjttion  of  the  terminal  plexus,  are  .ilso 
considerably  reduced  iu  tiize,  beijig  diminished  both  in  the  skin  anri  the 
muscles  from  10  or  15  mnim.  to  4  or  5  mmm.  in  diameter.  According 
to  Kbiliker  it  is  sometimes  possible  to  observe  this  diminution  in  the  ^ 
si/e  of  a  single  nerve  fibre  in  ditferent  parts  of  its  course  through  the  H 
muscular  tissue. 

Secondly,  both  in  the  terminal  plexus  and  the  branches  given  off  from 
them,  the  nerof.  fibrea  thv-mxelvex  undergo  dimtsion;  so  that  a  single 
flhre  in  tliis  situation  may  give  rise  to  two  or  more  branches,  each  hriiucb 
retaining  all  the  original  anatomical  characters  of  a  nerve  fibre.  There 
is  usually  a  marked  constriction  at  tlie  point  where  the  nerve  fibre 
divides;  but  this  is  followed  by  a  corresponding  enlargement,  so  that 
the  secondary  fibres  soon  become  nearly  or  quite  equal  in  diameter  to 
that  from  which  tlicy  were  derivwL  A  nerve  fibre  may  accortlingly  pass 
uuilivideil,  bo  far  as  we  know,  throughout  its  course  in  the  roots,  trunks, 
ami  principal  branches  and  ramifications  of  tlie  nerve,  and  may  tlien, 
shortly  before  its  termination,  break  up  into  a  nnnilier  of  separate  but 
closely  adjacent  secondary  fibres.  It  has  been  estimated  b}'  Reichert, 
that,  ttt  the  subcutaneous  muscle  of  the  frog,  ten  priuiitive  nerve  fibiM 
may  give  rise  by  their  division,  to  about  300  terminal  extremities. 

Thirdly,  the  nerve  fibre,  when  near  its  jjeripheral  termination,  be- 
comes altered  in  structure.  This  alteration  consists  in  a  disappearance 
of  tne  medullary  layer,  by  which  the  fibre  loses  its  double  contour;  and 
by  a  similar  dtsuppcarance  or  a  separation  of  the  tubular  Bheatli.  Tbe 
nerve  fibre,  thus  altfred,  is  reduced,  in  its  constituent  parts,  to  the  aiis 
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cylinder  alone ;  that  is,  all  the  secondary  elements  of  its  structure  are 
lost,  and  there  remains  only  the  essential  conducting  filament  of  the 

Fig.  138. 


ITIBI01I  or  ITiRrs  FiBRBS,  In  A  tmnll  hri«nch  from  the  •ubeuUnfoui 

frog.    iKolllker.) 


iu«e1i>  of  A 


axis  cN'linder.     Lastly  the  nerve  fibre,  at  the  point  of  its  final  termina- 
tion, is  frequently  hrougiit  into  relation  with  cell-likL-  botiies,  which  are 

jtnetimes  regarded  as  analogous  in  character  to  the  nerve  cells  of  the 

ray  8ul>8tance  in  the  nervous  centres. 

The  ultimate  termination  of  the  nerve  filxes  in  the  skin  has  been  most 
distinctly  seen  in  the  so-calle<l  ■"'  racinian  l)o<lies''  and  the  "tactile  cor- 
puscles."  The  Pncimati  bodies  are  ovoid-shaped  masses  from  1  to  4.5 
millimetres  in  length,  found  in  the  subcutaneous  connective  tissue  of  the 
liunds  and  feet,  ami  various  other  parts  of  the  Injdy,  e»)nsi»tiiig  of  a 
series  of  concentric  laminie  of  connective  tissue,  wjtii  a  central  cavity, 
inclosing  a  transparent,  colorlesH,  fluid  or  semifluid  material.  A  single 
ultimate  nerve  fibre  penetrates  the  Pacinian  body  at  one  extremity,  and 
l»af59es  into  its  central  cavit3'.  At  tin*  jwint  of  entrance,  the  extemal 
tubular  sheath  leaves  the  nerve  fibre  and  l»ocomes  cr'ntitiitoos  with  the 
connective  tissue  laminie  of  the  Pacinian  bo<lv.     The  medullary  layer 

Iio  disappears,  ami  the  nerve  fibre,  thus  reduced  to  its  axis  cylinder, 
ins  longitudinally  thr<jui:li  tlie  ijreater  part  of  the  central  cavity  and 
erminates,  towanl  its  fnrther  end,  in  either  one  or  several  slightly 
rounded  extremities.  The  "tactile  corpuscles,"  found  in  the  sensitive 
papillnj  of  the  skin  of  the  hands  and  feet,  are  similar  in  form  to  the 
Pacinian  Ixxlies,  but  of  much  smaller  size;  havuig  an  average  length, 
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in  man,  of  about  100  inmm.  Thej*  consist  each  of  a  central,  iriuisi- 
l>arent,  gulutlnous  mass,  surroiioded  by  an  envelope  of  coiiiu'clivt 
tissue,  wliieb  is  mnrkiKl  by  many  tranverse  elongated  nuclei.  Kacb 
corpuscle  receives  one  or  two  nerve  fibres  which  run  upwanl,  in  either 
a  straight  or  spiral  course,  and,  after  losing  their  me«UiUary  layer,  in 
some  instanees  reach  the  central  gelatinous  nucleus,  though  lor  the 
most  part  their  terminations  are  nut  t.listiuctl3'  visible. 

The  simplest  form  of  tactile  corpuscle  is  that  known  as  the  ^terminiil 
bulbs"  of  the  Kcnsitive  nerves,  in  the  conjunctiva,  the  lips,  the  papillie 
of  the  tonufiif,  aiiil  the  soft  palate,  'llu-y  are  round  or  elongated  ovoid 
botlies,  consisting  of  a  closed  sac  of  connective  tissue,  sometimes  marked 
with  transverse  nuclei,  and  containinj^  a  homogeneous  or  finely  granulir 
substance.     Into  this  body  is  received  the  ultimate  branch  of  a  nerw 


Fig.  139. 


Fig.  140. 


Tbrhikal  Bvlb  of  A  irnRl- 
tive  niTVc;  frrini  the  iruigunctlvk 
of  the  calf.     (Frc).) 


Tactilh  CoupPBctitft,  from  theMtgcofl 
tnnicuc  of  tiM'  «|iRrrowr.— 1,  2  ;i.  MedutUte^  ner* 
flbrc*    BU|ji)lyii>c    four    lAotllc  eor|)UB(;le«.    Da 
Bbr*  dlvlden  Into  two  bmnchps ;  «ncl  oq^  of  the! 
iBtrneed  to  a^nr  tho^xtremlty  of  the  eorr^-tpoa 
Idk  corpiiiiclp,  where  U  rmls  In  m  ceM-Uke  ex|M 
■Ion.     (Itililer.) 


fibre,  which  is  reduced  to  its  axis  cylinder  and  terminates  in  the  in 
rior  by  a  free  extremity.     In  some  regions,  as,  for  example,  the  lips  i 
the  human  siibje<'t,  and  the  tongue  In  birds,  are  to  be  seen  structur 
which  are  intermediate  in  form   between   the  terminal   bulbs  and  tlii 
tactile  corpuscles. 

In  the  mascles,  as  a  rjile,  each  muscular  fibre  h.is,  connccterl  with  it,' 
at  IcAst  one  neiTe  fibre,  ami  sometimes  more  than  one.     The  ultimate 
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TsnMiHATioM  or  Jl 
Nkrve  FiBRit  la  inu»> 
ciiUr  •brc,  from  the  fowL 
(Kouget.) 


nerve  fibre,  given  off  as  a  branch  from  the  terminal  Fig.  l-lil . 

plexus,  approaches  the  muscular  liJ»re,  usutilly  at 
a  right  angle,  aufl  penetrates  its  exterior;  the 
tubular  sheath  of  tin.'  ni-rve  fibre  becoiuiug  cou- 
tiniiuus  witli  tlic  surcuk'tnma.  At  the  saiof  time 
its  medullary  layer  eenses  ubrnplly,  and  the  axis 
cylinder  spreads  out  into  a  thin  oval  expansion 
of  granular  matter  inters^txTsed  with  uiiok-i,  ualled 
the  "■terminal  plntL-,"  and  hing  in  imioetiiate  cun- 
tact  with  tlu*  eontraetile  substance  of  the  mnscuiur 
fibre.  Some  variatiuiiM  in  the  form  and  disposi- 
tion of  the  axis  oyliudcr  in  the  terminal  |»late  are 
to  be  seen  in  the  nuisek's  of  niuphil»ia;  but  tiie 
above  represents  its  essential  characters  in  the  muscles  of  birds  and 
nianitnalians. 

rhyaioloiiiral  Properties  of  thf  Nerve  Fibres. — The  nerve  fibres  are 
organs  of  comraunieation.  They  serve  as  connecting  filiinu-nts  betweenN 
the  nervous  centre*!  on  the  one  band  and  the  perijihera!  organs  of  sensa-  j 
tion  and  motion  on  the  other.  For  this  purpose  thej'  are  endowed  with 
a  power  of  irritability  hy  which,  when  excited  at  one  or  the  other 
extremity,  they  transmit  the  nervout*  impulse  Ibronghout  their  entire 
length,  and  produce  a  corresponding  i-tfcct  at  their  upiiosite  termination. 
Thus  the  nerve  fibres  distributed  to  the  skin,  when  excited  at  their 
peripiieral  extremities,  produce  in  ti>e  brain  n  sensation  corresponiling 
to  the  external  impression.  On  the  other  hand,  those  which  are  distri- 
butefl  to  the  muscle?*,  when  excited  at  their  origin  by  the  iraptdse  of  the 
will,  produce  a  eontractitm  in  the  mnscular  fibres  at  their  periiihery. 
This  physiological  action  produces  no  visible  change  in  the  nerve  fibre 
itself.  Its  etfects  are  manifest  only  at  tbe  extremities  of  the  nerve,  in 
tlie  organs  where  it  terminates.  Nevertheless,  it  is  evident  that  the 
nerve  fibre  serves  to  commnnicHte  in  some  way  nn  action  from  one  of 
its  extremities  to  the  other;  since,  if  it  be  divided  in  any  part  of  its 
course,  the  communieation  at  once  ceases,  and  sensiTtimi  can  no  longer 
be  perceiveil  from  impressions  made  upon  the  skin,  nor  voluntary  con- 
traction excited  in  the  mnsclca. 

Owing  to  the  different  effects  thns  produced,  at  their  oentrnl  and  j»eri- 
pheral  extremities,  the  nerve  fibres  and  tlie  nerves  composed  of  them 
have  U-en  <li.stinguished  by  different  names.  Those  which  transmit  the 
stimulus  of  sensation,  from  tbe  f>erij»hery  to  the  nervous  centres,  are 
culled  Ketittitiw  nerves  or  nerve  fibres  ;  those  which  transmit  the  stimulus 
of  motion,  from  the  nerv()us  centre  outward  to  the  nniscles,  are  calle«l 
motor  nerves  or  nerve  fibres.  As  a  general  rnle.  both  sensitive  and 
motor  nerve  fibres  are  associated  together  in  the  same  nervous  bundle, 
and  separate  from  each  other  only  wiien  near  their  final  distribution  in 
the  skin  or  mucous  membranes  on  the  one  band,  and  in  the  muaclea  on 
the  other.  But  in  nome  situations,  near  the  origin  of  the  nerves  as  well 
as  near  their  termination,  the  sensitive  and  motor  fibrea  run  in  diMtincl 
2T 
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bun<lteg ;  as  for  example  in  tbo  sensitive  and  motor  roots  of  the  flf 
j)fiir  uf  crnniftl  nervcH,  imd  in  tlie  itnttrior  jxnti  posterior  roots  of  tl4 
spinul  nc-r^ea  gencrall\'.     Tbe  flbrcs  iH^loiigiiiir  to  the  faeini  nerve 
nil   motor  fittres,  making    this  exclusivdy  n  motor  nerve.      The  tin 
braiiuhes  of  the  fiftli  pair,  oti  tbe  other  Iiaud,  wljiclj  are  distributed 
tlie  integument  and  mucous  raenibranes  of  the  fjiee,  are  composed  exclt 
sively  of  sensitive  fitu-es  ;  while  the  liraiicli  of  the  same  nerve  distril)nt< 
to  tlie  muscles  of  mastication  is  made  up  |)rlucipally  or  entirely  of  motot 
fibres. 

No  essential  distinction  has  been  discovered  in  the  nnatomicnl  char 
flctcrs  of  8ensiti\e   and   motor  nerve   fibres.     In   nerves  and    ner\oi 
blanches  wliicfi  prrform  a  motor  function,  the  nerve  fibres,  as  a  rule,  JireJ 
of  coraparativc'ly  largo  size,  averaginj;   15  mmm.  in  diameter;  while  it 
those  performing  a  sensitive  function  they  are  smaller,  nvenigiug  n< 
more  than  10  mmm.  in  diameter,  and  many  of  them  being  considerably 5 
less.     IJtit  tiiis  dillerence  is  only  one  of  proportion  in  numbers  between 
the  larger  and  Bmaller  tibrea  ;  since  both  large  an<l  small  fibres  are  found 
in  bfith  motor  and  sensitive  ner^^es.     Even  in  the  motor  nerves,  the 
large  fibres  Ix/comc  reduced  to  the  size  of  the  smaller  ones  before  their 
teruiiuatitm  in  the  musculfir  tissue;  and  the  nerve  fibres  genernlly  nrej 
diminished  or  increased  in  diameter  on  passing  into  or  out  of  the  grayl 
substance  of  the  nervous  centres.     No  absohite  distinction  therefore  can 
be  made  between  sensitive  and  motor  nerve  fibres  as  regartla  their  size|;J 
and  in  regard  to  the  essential  details  of  their  atnicture,  namely,  thel 
tubular  sheath,  the  medullary  layer,  and  the  cylinder  axis,  they  are  to 
nil  appearance  cnnipletfly  identical. 

Efffct  of  lUiu'ftioii  vpon  the  N^rve  Fibres, — The  immefliate  effect  of 
dividing  or  Beriotisly  injuring  the  nerve  filircs  is  a  8US]H?nsion  of  theirJ 
])hysiological  function.     The  physical  cominuuicatiou  being  cut  otf  be-i 
twecn  their  extvetnities,  the  sensitive  fibres  can  no  longer  transmit  an 
imnression  from  the  skin  tct  t!ie  nervous  centre,  and   the  motor  fibreflj 
can  no  longer  convey  the  stimulus  of  vojiintaiy  motion  from  the  nervous' 
centre  to  the  muscles.     In  addition  to  this  result,  when  the  <livide<l 
nerve  fibre  is  pernianenlly  separated  funn  its  central  connections,  llierflj 
also  follows  a  change  in   its  texture,  which  is   propagatetl   mainly  il 
one  direction,  and  which  consists  in   an    atroph}'  or  degeneration  of  I 
the  nervous  substance-     The  most  distinct  effects  of  this  degcneratioal 
of  a  divided  nerve  fibre  are  to  be  seen  in  its  moduJlary  layer.     Accorrlii 
to  the  observations  of  Vulpian  and  Philippeaux,  the  alteration  in  strnoj 
ture,  which  takes  place  from  tlie  jioint  of  division  toward  the  |>eripherA', 
begint)  to  be  |)erceptible  in  mammalians,  by  microscopic  examination,  at 
the  end  of  five  days.     The  transparency  of  the  fit>re  is  first  diminished,! 
its  contents  having  a  more  or  less  cloudy  appearance-     At  the  end  ot\ 
eight  or  ten  days,  the  double  contour  of  the  fibre  has  become  irregulapJ 
and  at  various  points  partiallj'  or  completely  interrupted ;  and  the  sub 
stance  of  the  medtillary  layer  is  broken  up  into  separate  masses  of 
varying  size,  presenting  the  appearance  of  a  coagulation  .ind  dislocation. 


OF    THE    XERVOUS    SYSTEM. 


411 


As  tlie  process  goes  on,  the  continuity  of  the  nieduUnrj  layer  is  entirely 
destroyed,  and  this  substance  is  retiueed  lo  the  condition  of  Isolated 
•  lily-looking  drops,  scntturcd  through  the  interior  of  tin-  tuliidrtr  sheath, 
which  ))ecome  gnvlunlly  trHnsfoniied  into  a  ditTused  mixtnre  of  minute 
tp-anules.  Finally,  the  grannica  themselves  diHappear^  and  the  tubular 
ehoath,  partirdly  emptie<l  by  the  atrophy  <>f  the  inedullnry  layer,  beeome« 
eollapSL-d  and  vvriiikhd.  The  nerve  wliieli  tias  stdTcrcil  thene  chauijes 
lias  lost  its  white  glistening  color,  and  has  a.ssnmed  a  grayish  hue.  The 
axis  cylinder  either  does  not  partieipate  in  tlie  above  alterations,  or  ita 
changes  are  not  so  maiiiteHt  to  the  eye;  since,  according  to  some  ob- 
servers, it  remains  vi'»ible  after  the  medullary  layer  has  disapiwared. 

According  to  various  observers  (Waller,  Krause,  Tulpjan),  the  de- 
generation of  divided  nerve  fibres,  both  in  the  Bensitive  and  motor 
nerves,  may  be  propagated  throughout  their  peripheral  extremities, 
extending  even  to  the  sensitive  pa]iill!e  of  the  tongue  and  the  tactile 
corpuscles  of  the  skin.  Yiil|>ian'  has  found  that  in  dogs,  six  weeks 
after  tlie  division  of  the  sciatic  neri-e,  no  nerve  fibres  could  be  dis- 
covered in  the  niiisclea  of  the  foot  which  had  not  undergone  the  eame 
alt»-ration. 

The  rapidity  with  which  degeneration  takes  place  in  the  fibres  of  a 
divider!  nerve  varies  with  the  species  nnd  age  of  the  animal  to  which  it 
lielongs.  The  chnnge  is  less  rapid  in  the  cold-blooded,  more  so  in  the 
wnrm-blooded  animals.  In  thoiie  of  the  same  species,  it  goes  on  more 
quickly  in  the  young,  mr^re  slowly'  in  animals  which  are  fully  grown. 
.Vccording  to  Vnlpian,  in  yonng  dogs,  as  a  general  rule,  the  disap]>ear- 
ance  of  the  medullary  layer  is  complete  at  the  end  of  six  weeks  or  two 
months  from  the  date  of  the  injury. 

The  <legeneratinn  of  the  fteriphoral  portions  of  di\ndcd  nerves  has 
often  been  utilizerl  in  order  to  determine  the  source  of  particnlar  bun- 
dles of  nerve  fibres.  If  a  nerve,  for  example,  receives  roots  or  commn- 
nieating  branches  from  two  ditferent  sources,  and  afterward  supplies 
by  its  ramifications  several  organs,  it  mny  Ix-  ascj-rtaincd  whether  the 
fibres  coming  from  one  source  are  or  are  not  distributed  to  a  particular 
organ.  For  this  purpose  the  root  or  communicating  branch  in  question 
is  divided;  and  when  the  subsequent  [troccss  of  degeneration  is  com- 
plete, the  atrophied  nerve  fibres  derived  from  this  source  tnsiy  be  fol- 
lowed by  microscopic  examination  throughout  their  course,  and  recog- 
nized in  the  organ  to  which  Ihey  are  distributed. 

Union  and  Regeneration  of  dimded  .Vr'r«f.<<.— The  loss  of  function 
in  a  divided  nerve  is  n«>t  permanent ;  but.  if  the  neighboring  parts  lie 
healthy  and  no  other  injury  have  been  inflictcfl,  the  nerve  fibres  may 
reunite,  and  their  power  of  communication  be  restored.  When  the 
division  has  been  a  simple  one,  the  two  extremities  of  the  divided  nerve 
rcmnining  in  contact  or  in  close  proximity  with  each  other,  their  union 
takes  place  with  comparative  readiness;  but  even  when  a  considembic 
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portion  of  the  nerve  has  been  cut  out,  there  may  be  a  reprixiuction  of 
thf  hisL  parts,  and  thf  iictve  may  tinully  rogniu  its  natural  coutiiiutly. 
The  fibres  of  new  riiiiii!itiuii,thiis  iiioiluw<l,  iire  at  first  of  smnll  tliainctcr 
ami  of  grjiyush  asjifct.  Thoy  grjitluiilly  increase  in  size,  become  pro- 
viik'tl  with  a  mediilhiry  l:<yt.'r,  ami  at  last  present  all  the  anatoiuir&l 
chanifttis  of  the  hualthj'  ueive  libre.  Schitf,  Vulpian,aud  Philippeaiix 
have  found  that  ti,  is  ]K».HMilih'  for  tJie  coiitiiiuiiy  of  a  iicrve  to  lie  re- 
established, after  tiie  exciHiou  of  portions  of  its  trunk  equal  Ut  five  or 
even  six  centimetres  in  length.  -According  to  Vnlpian,  in  very  young 
animaU,  a  loss  of  nerve  substanue  from  one  to  two  CfUtimetres  in  lent^th 
may  be  r*'stored  at  the  end  i»f  six  weeks;  and  the  same  observer  h:ui 
seen,  in  yoiirig  rats,  a  portion  of  the  sciatic  nerve,  aix  millimetres  long, 
reproduced  in  the  course  of  .sexenteen  da^ 8. 

At  the  same  time,  the  degeneraLed  portion  of  the  nerve,  sitoatod 
b<^yond  the  point  of  its  divisiinT,  becomes  restored.  There  is  a  reproduc- 
tion of  the  iiie<lullary  hiyer,  which  had  become  alrophitH.1  by  the  de- 
generative process,  and  the  entire  nerve  again  exhibits  its  normal 
anatoraii.-al  character.  The  time  reijuii-ed,  for  the  complete  regeneration 
of  the  peripheral  partruii  of  a  tlividi-d  nerve,  is  in  general  from  three  to 
twelvi-  months,  according  to  the  age  and  species  of  the  animal  upon 
which  the  experiment  is  |>erformed. 

The  complete  regeueration  of  a  divided  or  exsected  nerve  is  indicated 
by  the  resLoratioii  of  its  nc»rinal  fiiiu'tion.  If  it  be  a  sensitive  nerve,  the 
t>ower  of  sensation,  which  was  at  first  lost,  returns  in  that  portion  of 
the  integument  to  which  its  fibres  are  distributed  ;  if  it  be  a  motor 
nerve,  the  power  of  voluntary  motion  is  regained  in  the  corresponding 
njuscleg.  The  ol>survaliotis  itf  Vnlpian  have  shown  that,  after  the  ex- 
cision of  the  <-entral  extremity  of  the  hypi>gIossal  nerve  in  flogs,  it« 
peripheral  portion  may  become  capable  of  exciting  contraction  in  the 
muscles  of  the  tongue  at  the  end  of  four  months  j'  and  according  to 
those  of  Schitf  upon  young  dogs  and  cats,  sensibility  may  reappear  ia 
the  tongue  and  lip  in  fourteen  days  after  the  excision  of  portions  of  the 
lingurd  and  infra-orbital  nerves,  from  two  to  two  and  a  half  centimetres 
in  length. 

In  the  human  subject,  at  least  in  adult  life,  the  restoration  of  divided 
nerves  is  much  less  ra]iid  ;  an<l,  necording  to  L'Kti^vant'  and  Weir 
Mitclielt,'  often  either  does  not  tnlce  place  at  all,  when  the  injured  nerves 
are  of  considerable  size,  or  docs  so  very  imperfectly. 

The  smaller  norvons  brsuK-hes  snpjilying  the  skin  are  frequently 
diviiieil  by  accidental  incisions,  causing  a  local  aniesthesia,  or  loss  of 
tactile  sensiliility  in  the  IraracdiAte  neighborhood.  This  anaesthesia 
persists  usually  for  weeks,  or  even  months,  after  the  healing  of  the 
wound ;  but  it  almost  invariably  disappears  at  last,  and   the   skin  re- 
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jvers  its  normal  sensibility.  Restoration  may  also  undoubtedly  take 
place  in  nerves  of  larger  size,  as  in  the  case  reporte<l  by  L'Eti^vant/ 
where  the  tmHlinn  nerve  was  divided  in  a  man  tweuty-six  years  of  age, 
at  tbc  upper  third  of  the  ami.  The  poner  of  motion  and  sensibility, 
dffiendent  on  tlie  fibres  of  this  nt-rve,  remained  abolished  fur  ten 
uiuntli^,  but  began  lo  reappear  in  fourteen  niontljs,  and  were  almost 
cyiuplelcty  restored  at  the  end  of  a  \ettr  and  a  half. 

Nerve  Cells. 
The  nerve  cells,  which  form  ttie  churaetonstic  anatomical  element  of 
the  gray  snbstance,  are  rounded  or  irregularly  shaped  bodies,  consisting 
uf  a  soft,  semi-transjiarent,  flncdy  pr;ihui;ir,  aibuniiiiuiis  matter,  and  con- 
taining a  rather  largo,  distinctly-  markeci  nucleus  Mini  nuch-oliis.  Some- 
times they  also  contain  a  certain  ([untility  of  brown,  yellowish,  or 
blackif^h  pigment  grains,  which  are  especinlly  abund.ant  in  the  imme- 
diate neighborhood  of  the  iiueteus.  The  nerve  cells  vary  in  size  in  dif- 
ferent parts  of  the  gray  substance.  The  smaller  ones,  from  10  to  20 
mmm.  in  diameter,  are  found  in  the  ganglia  of  the  symjgathetic  systgfl), 
the  convolutions  of  the  cer«d>riil  hemij^pheres,  and  in  the  posterior  horns 
of  gra^'  matter  in  the  spinal  cord.  The  larger,  averaging  from  40  to  CO 
mmm.,  are  in  the  convolutions  of  the  cereht'lluin,  and  in  the  mediill.'\ 
oblongata;  the  largest  of  idl,  as  a  general  rule,  being  met  with  Lo  the 
anterior  hums  of  gray  mat- 


ter of  the  spinal  cord,  where 
they  reach  the  lUameter  of 
130  or  135  mmm.,  or  seven- 
teen times  the  size  of  the  red 
gloUdes  of  the  blood. 

The  most  marked  anato- 
mical features  uf  the  nerve 
cells  are  their  prolonga- 
tions.  These  are  nnrntw 
processes  or  extcnsicms  of 
the  cell  substiinco,  and  con- 
iisting  apparently  of  the 
»me  material.  In  the  gan- 
liu  of  the  symiiathetic  sys- 
era,  nm\  in  th<>.»<e  situated 
upon  the  roots  of  the  spinal 
and  cranial  nerves  in  man, 
the  nerve  cells  have  for  the 
most  part  a  rounded  form, 
and  only  one  or  two  pro- 
longations. Throughout  the 
gray  substance  of  the  brain 


Fig.  142. 
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and  8|>inHl  cord,  on  tlie  contrary,  they  firesent  tliree,  four,  five,  or  eri-n 
eight  jirolougfttioiis,  rHuuing  in  different  (livoctiona  and  fjiving  to  tliu 
Cf  II  a  i^'culinr  nidiated  a]>|>earaiitre.  The  prolougatioua  after  a  i.-«rt&iu 
distance  Ijfcoinc  branched,  the  branches  tUiia  formetJ  again  <livi<liiii; 
and  subdividiu'5,  growing  at  the  t*ame  time  Bmaller  in  size,  until  they 
terminate  in  a  more  or  less  ahundaut  tuft  or  ratiiitication  ofexeeedihgly 
slender  filaments.  According  to  Gerlach,  the  terminal  fibres  of  this 
laniification  constitute  a  jtlexns  of  fine  nervous  threads,  penetrating 
the  interstitial  subritunce  of  tlie  gray  matter.  It  is  not,  however,  known 
with  certainty  whether  these  lil^res  terminate  by  free  extremitie«,  or 
whether  they  form  a  network  of  communication  between  ditfereut  nene 
cells. 

Connection  between  the  Nerve  Ctlls  and  Ncrxw  Fibres. — In  all  cases 
the  nerve  fibres  are  connected,  at  their  central  origin,  irith  masses  «f. 
gray  Bubstance,  into  which  they  penetrate  and  in  which  they  are  inti- 
m.ately  mingled  with  the  nerve  eell8.  In  some  instances,  a  dii-eet  cou- 
tiuiiity  can  lie  seen  between  the  uerx-e  tibrea  and  certain  prolongatiouii 
of  the  nerve  cells  ;  in  others,  such  a  direct  anatomical  connection  is  only 
rendered  more  or  less  probable  by  tlic  tsirailarity  in  direction  between 
tlie  nerve  filu'cs  aiul  the  processes  of  the  nerve  cells,  and  by  their  resein> 
blanee  in  physical  constitution. 

in  the  ganglia  of  the  sympathetic  system  and  in  those  of  the  roots  of 
the  siniial  and  cranial  nerves,  the  nerve  cells  of  a  rounded  form  give 
off,  art  a  rule,  in  man  and  the  mnmmjilifins,  only  a  single,  pale,  undividtnt 
jjrocess,  which  at  first  presents  the  a]ipearance  of  an  axis  cylinder  of 
small  diameter,  but  wliich  subsequently  increases  in  size  and  liecomcs 
lirovided  with  a  medullary  layer,  aasuining  at  the  same  time  the  distinct 
double  contour,  cluvracteriatic  (»f  a  fully  formed  nerve  fibre.  These  cells, 
sending  out  a  single  nerve  process  in  one  direction,  nre  calletl  "  unipolar'' 
nerve  cells.  In  the  ganglia  of  the  spinal  nerve  roots,  and  in  the  Qasse- 
rian  ganglion  of  fishes,  nerve  colls  are  fmuid  which  send  ofiT  two  such 
processes  in  opposite  directions;  the  iijc.ilullsiry  layer  of  the  nerve  fibre 
ceasing  on  each  side  just  before  its  union  with  the  body  of  the  cell. 
Such  cells,  with  two  opposite  nerve  processes,  are  called  "bipolar"  nerve 
cells.  These  connections  have  been  recognized  by  all  obser^-ers,  and 
there  is  no  doubt  as  to  their  oxistenoe. 

In  the  gray  substance  of  tire  l»rain  and  spinal  cord,  the  nerve  cells,  ss 
above  described,  are  "multipolar,"  or  send  out  a  number  of  prolonga- 
tions, in  different  diiections,  which  divide  and  ramily  without  making 
any  certain  anatuniieal  connection  with  other  parts.  Beside  the*« 
blanching  jirolongations,  however,  .'u;ror(ling  to  the  observations  of 
Deitera,  confirmed  by  Schultxe,  Gerlach,  and  Kblliker,  the  multipolar 
nerve  cell  also  sends  out  a  single  prolongation  which  is  different  from 
the  others,  iu  that  it  does  not  branch  but  continues  on  its  course  for  a 
considerable  distance,  presenting  the  usual  physical  ns|ject  of  a  naked 
axis  cylinder.  This  simple  unbranched  process  is  called  the  "axis 
cylinder  process,"  to  distinguish  it  from  the  remaining  ramifietl  pro- 
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cylinder  alone ;  that  is,  all  tbe  secondary  oleraents  of  its  Btnicture  are 
lost,  and  there  remains  only  tlie  essential  cunducting  filament  of  the 

Fig.  laa. 


L     piTiBTCK  O?  fTcRTB  FiDBBa.  in  A  amfill  tirnnch  from  the  lubcutaneoui  tnuicle  of  s 
^m  frog.    (KOIUker.) 

I     Mcie  cylinder.    Lastly  the  nerve  fibre,  at  the  point  of  its  final  termina- 
'      tion,  is  frequently  brought  into  relation  with  eell-like  bodii-M,  which  are 
sometimes  regardeil  as  analugoiiB  in  character  to  the  nerve  ccIIh  uf  the 
gray  sulvstance  in  the  nervous  centres. 

The  nltimate  termination  of  the  nerve  fibres  in  the  skin  has  been  most 
distinctly  seen  in  the  stu-alled  '*  I'aciniaii  IxMliee"  and  the  ''tactile  cor- 
puscles." The  Pacinian  bodies  are  o\'oid-shaped  masses  from  1  to  4.5 
millimetres  in  length,  found  in  the  subcutaneous  connective  tissue  of  the 
hands  and  feet,  and  various  other  parts  of  the  body,  consisting  of  a 
series  of  concentric  laminaj  of  connective  tissue,  with  a  central  cavitv, 
inclosing  a  transparent,  colorless,  fluid  or  semifluid  material.  A  single 
ultimate  nerve  fibre  penetrates  the  Pacinian  body  at  one  extremity,  and 
pa.sscs  into  its  central  cavity.  At  the  point  of  entrance,  the  external 
tubular  sheath  leaves  the  m-rve  fibre  and  iK?coraes  continuous  with  the 
c<^nnecti\"e  tissue  laminje  of  the  Pacinitm  body.  The  medullary  layer 
JO  disappears,  and  the  nerve  fibre,  thus  reduced  to  its  axis  cylin<ler, 
ina  longitudinally  throui!;h  tlie  greater  part  of  the  central  cavity  and 
terminates,  toward  its  farther  end,  in  either  one  or  several  slightly 
rounded  extremities.  The  "tactile  corpuscles,"  found  in  the  sensitive 
papillaj  of  the  skin  of  the  hands  and  feet,  are  similar  in  form  to  the 
m  bodies,  but  of  much  smaller  size;  having  an  average  length. 
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in  man,  of  al)Out  100  minm.  They  consist  each  of  a  central,  tranM- 
]>arent,  gelntiiujus  mass,  surrouniled  by  an  envelope  of  couuective 
tissue,  wUich  is  mnrko<l  by  many  tran verse  elongated  nuclei.  Kacli 
corfiu.Holo  receives  une  or  two  nerve  fibres  which  nm  upwartl,  m  either 
a  straiglit  or  Bpirnl  course,  ami,  after  losing;  their  medullary  layer,  in 
some  instances  reach  the  central  gelatinous  nucleus,  though  for  the 
nioHt  part  their  terminations  are  not  ilistinttly  visible. 

The  sinijilt'st  form  of  tuctile  cnr|>usde  is  tliat  known  as  the  "terininul 
bulbs"  of  ttie  sensitive  nerves,  in  the  conjunctiva,  the  lips,  the  pnpillte 
of  the  t^jngne,  and  the  soft  palate.     They  are  round  or  elongnted  ovoiH 
E  >xKlies,  consistinj^  uf  a  closed  sac  of  connective  tissue,  sometimes  markcil 

I  with  transverse  nuclei,  and  containing  a  homogeneous  or  fini'ly  gnmular 

^^         eul)stancc.     Into  tliis  body  is  received  tUe  ultimate  branch  of  a  nerve 


Fig.  139. 


Fig.  140. 


TsRMiTiAt,  Btlh  or  ft  cenal. 
tlve  nerve;  from  the  oonjuiictlvk 
oftbecftir.    (Frey  ) 


12   3 

Tai'TI  L«  Co«iT«rtEB,  from  th«"  ertge  of  1J»« 
tnitRue  of  the  sitArrow.  — 1,  J  X  MeduUJttifd  Dprvr 
flbrc*  supiilying  four  tnrlilc  cnrjiuvelet.  One 
fibre  dividea  Into  two  brnnehet;  and  one  of  them 
in  tmeed  to  De«r  theexfreinify  of  the  niirr«'»poniJ- 
\ne  corpuRcle,  where  It  ends  la  ■  ceU-lIke  expikii- 
■ion.    (Ihlder.) 


fibre,  which  is  reduced  to  its  axis  cylinder  and  terminates  in  the  into- 
riur  by  a  free  extremity.  In  snrae  regions,  as,  for  example,  the  lips  in 
tlie  human  subject,  and  the  tongue  in  birds,  are  to  be  seen  structures 
which  are  interme*Iiate  in  form  between  the  terminal  bulbs  anil  the 
tactile  corpuscles. 

In  the  muscles,  ns  a  rub',  ent-h  muscular  fibre  has,  connected  with  it, 
at  least  one  uei-ve  libre,  and  sometimes  more  than  one.     The  ultimate 
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Tieniit NATiox  or  a 
Nerve  Fidmk  to  muii* 
cnlnr  fibre,  from  tba  fowL 
(Kouget.> 


nerve  fibre,  given  off  as  a  brauch  from  tlic  termin.al  Fig.  1 41 . 

plesuH,  approaches  tlie  muscular  fibre,  usmilly  ut 
a  right  angle,  and  |ienetr:ites  its  exterior;  liie 
tubtilitr  sheath  of  the  nerve  fibre  beeoming  coji- 
tiiKious  wilb  tlie  Hiircoletniuii.  At  the  same  time 
it«  medullary  layer  eeases  itbrnptly,  and  the  axis 
cylinder  spreads  out  into  a  thin  oval  expansion 
of  granularraatler  intersfHiraed  with  unci li, called 
the  "  terraijial  plate,"  and  lyhi'^  in  iiuinediate  e<m- 
taet  with  the  contractile  substance  of  the  muscular 
fibre.  Some  variations  in  the  form  and  disposi- 
tion of  the  axis  cylinder  in  the  terminal  plate  are 
to  be  seen  in  the  muaclee  of  aniphilna;  but  the 
above  represents  its  essential  characters  in  tlie  muscles  of  birds  and 
mammaliAns. 

I'hysiologiral  Properties  of  Ihe  Xt'rve  Fibren. — The  nerve  fibres  are 
organs  of  communication.  Thej^  serve  as  connectrujf  Ghuneuts  betweenN 
the  nervous  centres  on  the  one  hand  anij  the  periijlu-nd  or^aas  of  sensa-  J 
tion  and  motion  on  the  otlier.  For  this  purpose  they  are  endowed  with 
a  power  of  irritability  by  which,  when  excited  at  one  or  the  other 
extremity,  they  transmit  the  nervous  imindse  throughout  their  entire 
length,  and  produce  a  corresponding  elfect  at  their  o|»posile  termiTUition. 
Thus  the  nerve  fibres  distributed  to  the  skin,  when  excited  at  their 
periphenvl  extremities,  produce  in  the  brain  a  sensation  corresponding 
to  the  externid  impression.  On  the  other  Land,  those  which  are  distri- 
buted to  the  muscles,  when  excited  at  their  onjj;in  by  the  impulse  of  the 
will,  produce  a  uontniction  in  the  muscular  fibres  at  their  perijihery. 
This  physiological  aciion  produces  no  visible  change  in  the  nerve  fibre 
itself.  Its  effects  are  manifest  ont\'  at  the  extremities  of  the  nerve,  in 
tlie  organs  where  it  terminates.  Nevertheless,  it  is  evident  that  the 
nerve  fibre  serves  to  communicate  in  some  way  an  action  from  one  of 
its  extremities  to  the  other;  since,  if  it  be  divided  in  any  part  of  its 
course,  the  commuuication  at  once  ceases,  an<l  sensation  can  no  longer 
be  perceived  from  impressions  made  upon  the  skin,  nor  voluntary  con- 
traction excited  in  tlie  muscles. 

Owing  to  the  different  effects  thus  produced,  at  their  central  and  peri- 
pheral extremities,  the  nerve  fibres  and  the  nerves  composed  of  tliem 
have  been  ilistinguished  by  different  names.  Those  which  transmit  tlie 
stimulus  of  sensation,  from  the  periphery  to  the  nervous  centres,  are 
called  Ar>jK?>uv  nerves  or  nerve  fibres  ;  those  which  transmit  the  stimulus 
of  motion,  from  the  nervous  centre  outward  to  tlie  nnisoles,  are  culled 
motor  nerves  or  nerve  fibres.  As  a  general  rule,  both  sensitive  and 
motor  nerve  fibres  are  assiK-iated  together  in  the  same  nervous  bundle, 
ami  separate  from  each  other  onty  when  near  their  final  distribution  in 
the  skin  or  inuenns  membranes  on  the  one  hand,  and  in  the  muscles  on 
the  other.     But  in  smne  situations,  neur  the  origin  of  the  nerves  .is  well 

near  their  termination,  the  sensitive  and  motor  fibres  run  in  distinct 
27 
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bumllps ;  as  for  example  in  the  sensitive  and  motor  rootH  of  the  flftli 
piiir  of  CRiiiiiil  nerves,  luiil  in  tlie  nntcrior  and  pusterior  roots  of  the 
fipiiml  nerves  generally.  The  filires  lielongiug  to  tlie  faciM.1  nerve  are 
all  motor  fibres,  ranking  this  exclusively  a  motor  nerve.  The  three 
Uranches  of  the  fifth  pair,  on  the  other  hand,  whicli  are  distributed  to 
the  integumetil  and  mucous  membranes  of  the  face,  are  composed  exclu- 
sively of  sensitivD  filires  ;  while  the  branch  of  the  enme  nerve  distribnte<l 
to  the  muscles  of  mastication  is  made  up  principally  or  entirely  of  motttr 
fibres. 

No  essentinl  diytinetion  has  been  discovered  in  the  anatomical  char- 
acters of  sensitive  and  motor  nerve  tibres.  In  nerves  and  nervous 
branches  which  perform  a  motor  l\iactton,  the  nerve  fibres,  as  a  rule,  are 
of  comparatively  large  size,  averaging  15  mmm.  in  diameter;  while  in 
those  pi'rforming  a  sensitive  function  they  are  Rmaller,  averaging  not 
more  tliim  10  mmm-  in  diameter,  and  many  of  I  hem  being  considerably 
less.  But  this  diflbrenee  is  only  one  of  proportion  in  nmnliers  Ijctween 
the  larger  and  smaller  fibres  ;  since  both  large  and  small  fibres  are  found 
in  both  motor  and  sensitive  nerves.  Even  in  the  motor  nerves,  the 
large  fibres  lx*coiue  retluced  to  the  size  of  tlje  smidler  ones  before  their 
termination  in  the  muscular  tissue;  and  the  nerve  fibres  generally  are 
diminisheil  or  increased  in  diameter  on  passing  into  or  out  of  the  gray 
substance  of  tlie  nervous  centres.  No  rdtsohite  di.stinclion  therefore  can 
be  rauile  between  sensitive  and  motor  nerve  filtres  as  regartla  their  size; 
and  in  regard  to  the  essential  details  of  their  structure,  namely,  the 
inbular  sheath,  the  medullary  layer,  and  the  cylinder  axis,  they  are  to 
nil  apfiearance  completely  identieal. 

Efeci  of  lh'\nsion  upon  (he  Xerve  Fibres. — The  immediate  effect  of 
dividing  or  seriously  injuring  the  nerve  filjrea  is  a  suspension  of  their 
pliysiological  function.  The  physical  communication  being  cut  off  be- 
tween their  extremities,  the  sensiti^'e  fibres  csin  no  longer  transmit  an 
imi»resMlon  from  the  f^kin  to  the  nervous  centre,  and  the  motor  fibres 
can  no  longer  convey  the  stimulus  of  voluntary'  motion  from  the  nervoiw 
centre  to  the  muscles.  In  addition  to  this  result,  when  the  dividetl 
nerve  fibre  is  permanently  separated  fiom  its  central  connections,  tliere 
also  follows  a  change  in  its  te^tture,  which  is  propagateil  mainly  in 
one  direction,  and  which  consists  in  uti  atrophy  or  rlegeneration  of 
the  nervouH  substance.  The  most  distinct  effects  of  this  degeneration 
of  a  divideil  nerve  fibre  are  to  be  seen  in  its  medullary  layer.  According 
to  the  observaLions  of  Vul[>ian  and  I'hilippeaux,  the  alteration  in  struc- 
ture, which  takes  place  from  the  point  uf  division  toward  the  peripherv, 
begins  to  be  perceptible  in  mammalians,  by  microscopic  examination,  at 
the  end  of  five  d.ays.  The  transparency  of  the  fibre  is  first  diminished, 
its  contents  having  a  more  or  less  clou<ly  appearance.  At  tlie  end  of 
eight  or  ten  days,  the  double  contour  of  the  fibre  has  become  irregular 
and  at  various  points  partially  or  complelely  interrupted ;  and  the  sub- 
stance of  the  mednllary  layer  is  broken  up  into  separsite  masses  of 
varying  size,  presenting  the  appearance  of  a  coagulation  and  dislocation. 
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tie  process  goes  on,  the  continuity  of  the  inodullary  layer  is  entirely 

Hestroyofl,  anrl  this  Bubstaiice  is  rcdiKJwI   lo  the  oomlition  of  isolated 

^■ptly-lookin^  drops,  sciittcred  tliroiiE;!!  tlie  interior  of  the  tiilmliir  shi-itth, 

^HtLii;h  l)ecome  gradually  tniusfonnfd  into  a  ditrust-d  mixture  of  minute 

^Kranules.     Finally,  the  gmnules  themeelves  disappear,  and  the  tubular 

^^heatli,  partially  emptied  by  the  atrophy  of  the  nKHlnllur^-  biycri  heeomes 

eoUapsfd  »(ul  wriitkti'fl.     The  nerve  whir!i  iias  sJiitRTcd  these  chanijfs 

has  lost  its  white  glistening  color,  and  has  assuraed  u  grayish  hue.     The 

axis  cylinder  either  does  not  participate  in  the  above  alterations,  or  its 

changes  «re  not  so  manifest  to  the  eye  ;  sinee,  Recording  to  some  olv 

servers,  it  reru.iins  visible  after  the  medullar}'  layer  has  disapjwared. 

According  to  various  observers  (Waller,  Kranse,  Tnlpian),  the  de- 
generation of  divided  nerve  fibres,  both  in  the  eensitive  and  motor 
nerves,  may  be  propagati'd  throughout  their  peri[>heral  extremities, 
extending  even  to  the  sen^iitive  papillae  of  the  tongue  ami  the  tiit'tile 
eorpusclos  of  the  skin.  Vulpinn'  has  found  that  in  dogs,  six  weeks 
^_Aftor  the  division  of  the  sciatic  nerve,  no  nerve  fibres  could  be  dis- 
^Kovereil  in  the  muscles  of  the  foot  which  had  not  undergone  the  same 
alteration. 

The  rapidity  with  which  degeneration  takes  place  in  the  fibres  of  a 
divided  nerve  varies  with  the  species  and  age  of  the  animal  to  which  it 
In-longfl.  The  change  is  less  rapid  in  the  cold-blooded,  more  so  in  the 
warm-bloo<k'd  animals.  In  thosio  of  the  same  species,  it  goes  on  more 
quickly  in  the  young,  mi>ro  slowly  in  animals  which  are  fully  grown. 
According  to  Yulpian,  in  young  dogs,  as  a  general  nde,  the  disappear- 
ance of  the  medullary  layer  is  complete  at  the  end  of  six  weeks  or  two 
irutnths  from  the  date  of  tiie  injury. 

The  degou<*rati<m  of  the  pcri]>heral  portions  of  divided  neri'es  hns 
often  been  utilized  in  order  to  determine  the  source  of  particular  h»in- 
dles  of  ner\'e  fibres.  If  a  nerve.  f<jr  example,  receives  roots  or  commu- 
nicating branches  from  two  different  sources,  and  afterwarl  supplies 
by  its  ramifications  several  organs,  it  mriy  be  ascertained  whetiier  the 
fibres  coming  from  one  source  arc  or  are  not  distributed  to  a  particular 
organ.  For  this  purpose  the  root  or  communicating  branch  in  question 
is  divided  ;  and  when  the  subsequent  process  of  degeneration  is  com- 
plete, the  atrophu'd  nerve  fibres  derived  from  this  source  may  be  fol- 
lowed by  microscopic  examinaition  throughoiit  their  course,  and  recog- 
nized in  the  organ  to  which  they  are  distributed. 

Union  and  Refjenerahon  of  dimded  Nrrnpx. — The  loss  of  function 
in  a  divided  nerve  is  not  pennnnent  ;  but,  if  the  neighboring  parts  be 
healthy  and  no  other  injury  have  been  inflicted,  the  nerve  fibres  m.ay 
reunite,  and  their  power  of  communicntion  be  restored.  When  the 
division  has  been  a  simple  one,  the  two  extremities  of  the  divided  nerve 
remaining  in  contact  or  in  close  iiroxiniitv  with  each  olher,  their  urdon 
takes  place  with  comparative  readiness;  but  even  when  a  considerable 

Le<}onB  Bur  lu  Phj'siologie  du  Systduio  Nervoax.     Paris,  18G6,  p.  213. 
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portion  of  tho  nvrve  has  been  cnit  out,  there  may  lie  a  reproduction  ofj 
the  lost  parts,  and  tlie  nerve  may  tiiwilly  rfg.ain  its  natural  couiiiiuily. 
The  fibres  of  new  formation,  thus  produced,  are  at  first  of  small  diameter 
ftJiil  of  ^rajisli  aspuut.  Tlu'y  gradually  increase  iu  size,  l»eeome  pro- 
vided with  a  moduli ary  layer,  and  at  last  present  all  the  anatomical 
characters  of  the  Uentthy  nerve  libre.  Schilf,  Vulpian,  and  Ptiilippi;aux 
hiive  found  that  it  is  possible  for  the  continuity  of  a  nerve  to  be  re- 
establinhed,  after  the  excinion  of  portions  of  its  trunk  equal  Ut  fi^'e  or 
even  six  centimetres  iu  length.  According  to  Vulpiiui,  iu  very  young 
animals,  a  loijs  of  nerve  tsubstauce  from  one  to  two  centimetres  in  length 
may  be  restored  at  the  end  of  six  weeks;  and  the  same  observer  ba« 
seen,  in  young  rats,  a  portiou  of  the  sciatic  nerve,  six  millimetres  long, 
reproiluceil  in  the  course  of  seventeen  days. 

At  tlie  same  time,  tlie  degenerated  portion  of  the  nerve,  sitaated 
be^'onci  the  point  of  its  division,  becomes  restored.  Tliere  is  a  rejiroduc- 
tion  of  the  niedtjllary  layer,  which  had  become  atrophied  by  the  de- 
generative process,  aud  the  entire  nerve  again  exhibits  its  normal 
anatomical  character.  The  time  re(|uired,  for  the  complete  regencratiou 
of  the  pi'ripheral  jjorliou  of  a  divided  nerve,  is  in  gencr.'d  from  three  to 
twelve  months,  according  to  the  age  and  8i>ecies  of  the  animal  UfioQ 
wfiich  the  expL'riraent  is  |>erformed. 

The  complete  regeneration  of  a  (Hvided  or  exseetoti  nerve  is  indicated 
by  the  restoration  of  its  normal  function.  If  it  be  a  sensitive  nerve,  the 
power  of  sensation,  which  was  at  first  lost,  returns  in  that  portion  of 
the  integument  lo  which  its  flibres  are  distributed  ;  if  it  be  a  motor 
nerve,  the  power  of  voluntary  motion  is  regained  in  the  oorrc.sponr)ing 
muactea.  The  observations  of  Vul[>iaii  have  shown  that,  after  the  ex- 
cision of  the  central  extreuiity  '^f  the  hy|)oglossat  nerve  in  dogs,  its 
peripheral  portion  may  become  cap:d>le  of  exciting  contraction  in  the 
muscles  of  the  tongue  at  the  en«l  of  four  months ;'  aud  according  to 
those  of  Schilf  upon  youtig  dogs  and  cats,  sensibility  may  reappear  in 
the  tongue  and  lip  in  fourteen  days  after  the  excision  of  portions  of  the 
Mugiiul  and  iufra-orbital  ner\cs,  from  two  to  two  and  a  half  centimetres 
in  length. 

In  the  human  snbjeet,  at  least  in  adult  life,  the  restoration  of  divided 
nerves  is  much  less  rapid  ;  and.  aceonling  to  I/Kti^vant'  and  Weir 
Mitchell,'^  often  either  does  not  take  place  at  nil,  when  the  injured  ncrve» 
are  of  considerable  suze,  or  does  so  very  imperfectly. 

The  smaller  nervous  branches  supjilyin;;  the  skin  are  frequently 
divided  by  accidental  incisions,  causing  a  local  antesthosia,  or  loss  of 
tactile  sensibility  in  the  immedinte  neighborhood.  This  aniesthesia 
persists  usually  for  wci-ks,  or  even  months,  after  the  healing  of  the 
wounil ;  but  it  almost  invariably  disappears  at   last,  and   the  skin  re- 

'  Legoiis  snr  la  PlivHinlofrie  du  SystiSine  Nervpux.     Paris,  1866.  p.  272. 

•  Traits  dcsSeL-tions  NervpiiseB.     Paris,  1873. 

•  Injariea  of  Nerves,  and  their  Conflequences.     PliiladelphlR,  1874,  p,  84. 


covers  its  normal  sensibility.  Restoration  may  also  untloubtertly  take 
place  in  nerves  of  larger  size,  as  in  tlie  case  retx>rted  by  L^Ktievant,' 
where  the  median  nerve  was  divided  in  a  tuan  twenty-six  years  of  ago, 
at  the  u|)[iir  tliird  of  the  arm.  The  imivvlt  of  motion  and  seudihilily, 
defieii'lent  on  the  fibres  of  this  nerve,  remained  abolished  for  ten 
niontiis,  but  began   to  reapix;ar  in   fuiirteeii  niontli^i,  and  were  almost 

t  completely  restored  at  the  end  of  a  year  and  a  half. 
r  Nerve  Cells. 

The  nerve  cells,  vrhieh  form  the  clmraeteristic  anntomietil  element  of 
the  gray  substance,  are  rounded  or  irrrj^uhuly  slmijcd  biidien, consLstiDg 
•of  a  soft,  semi-transparent,  finely  grariuisir,  nlbnniiiiuus  matter,  ami  con- 
taining a  rather  large,  ilistiiictly  marked  nndeiiH  and  nucleolus.    Some- 
times  they  also  contain    a  certain    qunntity    uf   lirowji,  yellowiali,  or 
blackish  pigment  grains,  which  are  CHpecially  abundant  in  the  imme- 
diate neigUborhuod  of  the  nucleus.     The  nerve  cells  vary  in  size  in  dif- 
ferent parts  of  the  gray  auliHtanw.     Tlie  amailer  ones,  from   10  to  2D 
mmni.  in  diameter,  are  found  in  the  g:in^lia  of  tlie  sympathetic  sygtem, 
the  convolutions  of  the  ceij^ral  hem|s]jhere8,  and  in  the  posterior  horns 
of  gray  matter  in  the  »pin:d  conl.     The  larujer,  averaging  from  40  to  60 
mmm.,  are  in  the  convolutions  of  the  cerelx'llinn,  and  in  tlie  medulla 
obloiigata  j  tlie  largest  of  all,  as  a  general  rule,  being  met  with   in  the 
anterior  h^ojjjs  of  gray  mat- 
ter of  the  spinal  cord,  where 
they  reach  the  diameter  of 
130  or  135  mmm.,  or  seven- 
teen times  the  size  of  the  red 
glalwles  of  the  blood. 

The  mf>at  msirked  anato- 
mical features  of  the  nerve 
cella  are  their  prolonga- 
tions. These  are  narrow 
processes  or  extensions  of 
the  cell  substance,  and  con- 
sisting apparently  of  the 
same  material.  In  the  gan- 
glia of  the  syna pathetic  sj's- 
tem,  and  in  those  situated 
ujion  the  roots  of  the  spinal 
and  cranial  nerves  in  man, 
the  nerve  cells  have  for  the 
most  part  a  rounded  form, 
and  only  one  or  two  pro- 
longations. Throughout  the 
gray  substance  of  the  brain 
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aiid  spinal  cord,  on  the  contrary-,  they  present  three,  four,  five,  or  eren 
eight  prolougutious,  rimiiiug  in  diUei-tait  directions  and  gixnng  to  the 
cx'U  a  peculiar  radiated  njipearaiice.  The  protoiigations  after  a  certain 
<li8tance  become  branched,  the  blanches  thus  ft>rrae<l  again  dividing 
nn<l  subdividing,  growing  at  the  same  time  smaller  in  size,  until  the)- 
terminate  in  a  more  or  less  abuadajit  tutttjr  rumitication  of  exceetUngly 
slender  lilanients.  According  to  Gerkch,  the  terminal  fibres  of  this 
rnmificatiou  conBtitute  a  plexus  of  fine  nervous  threads,  penetrating 
the  interstitial  subdtance  of  the  gray  matter.  It  is  not,  however,  known 
with  certainty  whether  these  fibres  terminate  by  free  extremities,  or 
whether  they  form  a  network  of  comuumicution  between  diU'ereut  ner\'e 
cells. 

Connection  between  the  Nerve  Cflh  and  Nen^e  Fihrex. — In  all  cases 
the  nerve  fibres  are  connected,  at  their  ceutrid  origin,  with  masses  of 
gray  substance,  into  which  they  penetratq  and  in  which  they  are  inti- 
mately mingled  with  the  nerve  cells.  In  some  instances,  a  direct  con- 
tinuity can  be  seen  between  the  nerve  fibres  and  certain  prolongations 
of  the  nerve  cells;  in  others,  such  a  direct  anatomical  eunnuction  is  on!}- 
remlered  more  or  less  probabJe  by  the  similarity  in  direction  l>et«eea 
tlie  nerve  fibres  and  tlie  processes  of  the  nerve  cells,  and  by  their  resem- 
blance in  ijhysicid  conHtitntion. 

In  the  ganglia  of  the  sympathetic  system  nnd  in  those  of  the  roots  of 
the  spinal  and  cranial  nerves,  the  nerve  cells  of  a  roimde<l  form  give 
off,  as  a  rule,  in  man  and  the  mainmidiiitis,  onl}'  a  single,  pale,  nndivide<l 
process,  which  at  first  presents  the  appearance  of  an  axis  cylinder  of 
Bmall  diameter,  but  which  suliseqiientiy  increases  in  size  and  Ijecomes 
provided  wilh  a  medullar\'  layer,  assumitig  at  the  same  time  the  distinct 
double  contour,  cliaracteristic  of  a  fully  formed  nerve  fibre.  These  ceJIs, 
sending  out  u  single  nerve  process  in  one  direction,  are  called  "  unipolar" 
nerve  celli*.  In  the  ganglia  of  the  spinal  nerve  roots,  and  in  the  Gasse- 
rian  ganglion  of  fishes,  nerve  oella  are  found  which  send  off  two  such 
]jroci'!sse9  in  op[)osite  directions  ;  the  mclultary  lii3-er  of  the  nerve  fibro 
ceasing  on  each  side  just  iH^lbre  it«  union  with  the  body  of  the  cell. 
Such  cells,  with  two  op|iosite  nerve  processes,  are  called  ''bipolar"  nerve 
Cells.  These  cuimectiuiis  have  been  recognized  by  all  observers,  and 
there  is  no  doubt  as  to  their  existence. 

In  the  gray  substance  of  the  brain  nnd  spinal  cord,  the  nerve  cells,  ns 
above  described,  are  "■multipolar,"  or  send  out  a  nundier  of  prolonga- 
tions, in  different  directions,  which  divide  and  ramify  without  making 
any  certain  anatomical  connection  with  other  parts.  13e8i<lc  these 
bnttu'hing  prolongations,  however,  according  to  the  observations  of 
Deiters,  ecufirmed  by  Schnltze,  Gerla<'h,  iind  Kolliker,  the  innitipolar 
nerve  cell  also  scuds  out  a  single  prolongation  which  is  ditferenl  from 
the  others,  in  that  it  does  not  branch  but  continues  on  its  course  for  a 
considerable  distance,  presenting  the  usual  physical  aspect  of  a  naked 
axis  cylinder.  This  simple  uidirtinehed  process  ia  culled  the  ^' axis 
cylinder  process,"  to  distinguish  it  from  the  remaining  ramifie<l  pro- 
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jlongations.  Cells  of  this  description,  provided  both  with  nirnifieil  pro- 
4>ugntions  and    with  a  single  nnbrnncheil  axis  cylitirWr  process,  are 

'found  iihundantly  ia  th*-  spimil  cotlI,  tht'  nifclullu  ulilongntn,  tlie  cere]»el- 
liim,  tlic  co5;;£ora  striata,  Jiml  tiie  nptic  tiialtnni  Tlie  axis  cj'linder  pro- 
SS8,  iu  the  spinal  cord,  passes  into  the  hiiiKlles  of  mi'dullated  iieive 
fihres  forming  the  roots  of  tliu  iiervea  and  the  i-oliiitms of  tlic  cord;  and 
ill  the  convoliitioim  of  tlie  c^rolneliuui  :ukI  tlit>  oi-rt'bial  ganglia,  tlie  nerve 
fibres  which  pviiutrjite  the  gray  substance  lose  tlicir  iiifdiillary  layer 
and  become  reduced  to  the  condition  of  a  naked  axij*  cylinder,  similar  in 
api)earance  to  the  jirolojigations  of  the  norve  ceils.  For  these  reasons 
it  is  considered  probaltlc  that  the  nerve  fibres  are  connected  by  con- 
tinuity of  substance  with  the  axis  cylinder  process  of  the  nerve  cells. 
But,  according  to  the  most  careful  observers,'  this  connecti<»n  is  more  or 

Lless  hypothetical,  an<l  is  not  positively  sliown  by  iHroct  observation.    It 

evident  that  there  is  a  physiological  communication  between  the  nerve 

Ibrea  and  the  nerve  cells;  but  it  is  possible  that  snch  a  communtcntioa 

lay  take  place  by  other  methods  ihau  jui  immediate  continuity  of  their 

substance. 

Finally,  it  is  certain  that  there  are  nerve  cells  in  the  gray  matter 
which  are  not  directly  connected  with  nerve  fibres.  According  to  the 
observations  of  Gerlaeh,  there  is  a  tract  throughout  the  dorsal  portion 
of  the  8[>inal  cord,  near  the  central  i>art  of  its  gray  substance,  where  all 
the  nerve  cells  are  provide*!  with  branching  prolongations,  but  do  not 
possess  any  undivided  process  resembling  an  axis  cylinder.  It  is  not 
lown  whether  such  cells  exist  also  in  other  portions  of  the  nervous 
irstem. 

Physiological  Properlieii  of  thf  N'-roa  Cellx. — The  nerve  cells,  and 
the  gray  aulistaneo  of  which  they  form  a  |inrt,  act  as  centres,  iu  wliieh 
the  nervous  impressions  are  received  through  the  S4?nsitive  nerve  fibres 
from  the  periphery,  and  from  which  a  stimulus  is  sent  out  through  the 
motor  Qbres  to  tlie  muscles.     Every  collection  of  gray  substance  is 
therefore  called  a  **nervou3  centre."     While  the  nerve  fibres  accordingly 
lire  organs  of  transmission  onh',  the  grjiy  substance  and  its  nerve  cells 
>nstitutc  an  ap|>aratus  in  whicii  the  nervous  influence  is  modified  in 
iter,  and  changed  from  one  form  to  anntlier.     Their  function  is 
'W  feceivc  impressions  conveyecl  to  them  by  the  nerve  fibres,  and  to 
convert  these  impiessions  into  impulses  which  are  transmitted  to  dis- 
tant organs.     The  nature  of  the  process  by  which  tins  change  is  elTected, 
,      and  the  action  which  goes  on  in  the  nerve  cells  during  its  accomplish- 
I^KDent,  are  entirely  unknown  to  us;  but  it  ia  PTh-idently  essential  to  the 
^^physiological  operation  of  the  nervous  system,  since  neither  sensaliun 
^^^r  movement  is  ever  excited,  in  the  natund  condition,  throujjh  the 
^^erve  fibres,  unless  they  are  in  communication  with  the  gray  substance 
of  a  nervous  centre. 


I      kn< 
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"   •  Kiillikcr.  Eltmeats  d'llietolo^e  Hamaine,  5me  tditioo-     Paris,  1868,  pp.  3C1, 
363,  36.1,  39y. 
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Rejlex  Action  of  the  Nervous  System. — The  nervous  systeio  thus 
stands  as  a  medium  of  communication  between  different  parts  of  the 
living  body,  so  that  a  stimulus  applied  to  one  organ  may  excite  the 
activity  of  another.  This  communication  between  adjacent  or  distant 
parts  is  never  direct,  but  always  a  circuitous  one.  It  passes  invariably 
through  au  intermediate  nervous  centre,  which  receives  the  impression 
conveyed  to  it  by  nerve  flbres  from  one  oi^an,  and  reacts  by  sending 
out  a  stimulus  which  calls  into  activity  the  other.  This  is  called 
the  "  reflex  action"  of  the  nervous  system,  because  the  stimulus  is  first 
sent  inward  to  the  nervous  centre  and  then  returned  or  reflected  in  the 
opposite  direction.  In  this  process,  the  intermediate  act  between  tbe 
inward  and  outward  passage  of  the  nervous  stimulus  is  accomi)li8hed  io 
the  gray  substance  of  the  nervous  centres. 


CHAPTER   II. 

NERVOUS    IRRITADILITY    AND    ITS    MODE    OF 

ACTION. 


The  property  possessed  by  nerves  of  being  called  into  exciU'roent  by 
an  apprupriiite  stiinulua  is  tcrincU  their  "  initiibilUy."  This  propt'rty 
is  not  confint.M]  to  tlie  eleincnls  <«f  thu  norvouB  syati'm,  but  exists  also  in 
other  tisanes  and  orgims.  Eacli  orgiui  oi*  atuitoiuiejil  elemenl,  wiieii 
subjected  to  the  application  of  a  stimuhis  adnpted  to  its  physiological 
character,  reacts  in  a  way  peculiar  ti>  itself  and  |»rodiices  a  vinihle  result 
of  a  definite  kind.  Thus  a  glandular  organ,  when  excited,  exhibits  the 
phenomena  of  secretion  ;  a  muscle  or  a  innscular  fibre,  those  of  contrac- 
tion. The  visible  result  ol'  ghinrhilar  activity  is  tlie  accuiuulation  and 
discliargG  of  the  secreted  fluids,  that  of  muscular  contraction  is  a  change 
of  form  in  the  muscle,  iind  a  movement  of  the  jmrts  to  which  it  is  at- 
tached Tlic  irrilability  of  a  nerve  or  a  nerve  fibre,  on  tlie  other  hand,  is 
not  manifested  by  any  perceptible  change  in  its  own  substance,  but  by 
the  phenomena  of  sensatiou  or  motion  in  the  organs  to  wbieh  it  is 
distributed. 

Irritability  of  Senaitive  Fibres. 

The  irritability  of  the  sensitive  nerve  fibres  is  most  directly  mnni- 
fested  during  life  by  the  y»rodiiction  of  sensation.  This  sensation, 
however,  does  not  exist  in  the  nerve  itself,  but  in  the  nervous  centre 
where  its  fibres  terminate.  The  proof  of  tins  is  that  if  the  communicjv- 
tion  between  any  part  of  a  sensitive  nerve  and  the  brain  be  cut  off  by 
division  of  the  nerve  fibres,  no  stimulus  subsequently  applie<i  to  the 
[.•eparatetl  trunk  or  braiiclie.s  of  the  nerve  will  ]irodiice  any  [icrceptiMe 
'sensation.  If,  however,  the  conuecliou  between  the  nerve  and  the 
nervous  centre  be  retained,  while  that  with  the  external  integument  be 
cut  off,  stimulants  of  various  kinds  applied  to  the  nerve  itself  will  pro- 
duce a  sensation  wbieh  is  more  or  less  acute  according  to  the  stiniiilus 
employed.  Pinching  or  pricking  the  nerve,  variations  of  temjierature, 
or  the  passage  of  an  electric  current,  will  jdl  have  the  eflV'ct  of  bringing 
into  action  the  nervous  irritability,  and  thus.  |)rodueing  the  effect  of  a 
Bcnsatiou. 

In  order  to  accomplish  this  result,  however,  two  conditions  are  essen- 
tial. First,  the  nen-e  must  be,  as  above  mentioned,  in  communication 
with  the  nervous  centre  whore  the  sensatiiui  is  to  be  jHTCcived  ;  and 
secondly,  ,the  in.-rve  flhres  themselvrs  munt  retain  their  power  of 
irritability.     The  irritability  of  a  aensltivc  nerve  may  be  so  deadened 
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l»y  the  compression  of  a  Imtnliige  or  the  uiiplicntion  of  cold,  that  no 
.stimulus  njjplied  to  the  pjirt  "ftilll  produce  any  perceptible  effevt.  Ac- 
cording  to  tlie  observations  of  Weil-  Mitchell,'  the  application  of  extreme 
cold,  in  uiMii,  to  Uu  region  of  the  ulnur  nerve  at  the  elhow  provinces. 
when  the  chilling  inocess  has  reached  a  certiun  stage,  complete  loss  of 
sensibility  in  the  piirt-s  to  which  the  nerve  is  tViHtrilmted.  The  irrita- 
bility of  Hensitivc  nerve  fibres  may  alao  be  temporarilj-  tiuspendc-d  by 
luechiinicid  injuries  in  tlieir  immediate  m-ighborlioo<l,  not  involving-  the 
fibres  themselves.  Thus  a  divtsiou  of  certain  parts  of  the  white  s-ub- 
btance  in  the  brain  or  spinal  cord,  is  known  to  produce  a  loss  of  sensi- 
bility in  particular  reginns  of  the  bwly,  which  may  disapjK'ar  after  a 
short  time,  notwithstanding  that  the  wounded  fibres  remain  ununited  ;' 
and  according  to  the  observations  of  L'Eti^vant,'  section  of  one  branch 
of  a  sensitive  nerve,  beside  tlie  persistent  anrcsthesia  of  the  divided 
fibres,  may  also  cause  a  tomp<irary  loss  of  sensibility  in  neighburing 
fibres,  derived  by  anastomosis  from  other  l>ranchea. 

The  irritability  of  sensitive  nerve  fiiires  may  also  be  abnormally 
increased  by  vascular  congestion,  or  local  injuries.  The  application  of 
cohl,  or  sliuttiuy;  off  the  supply  of  blood  by  the  ligature  of  arteries. 
may  produce  in  the  nerve,  before  it  leacliea  the  stage  of  insensibility,  a 
condition  of  unnatural  excitement  which  is  indicated  by  pain,  in  the 
parts  correspondiug  to  its  distribution. 

During  life  the  irritability  of  sensitive  nerves  is  manifested  by  the 
evidences  of  ronscioiis  sensation.  After  death,  as  in  a  decapitatetl 
animal,  it  may  also  l>e  sliown  to  exist,  f<ir  a  pertain  time,  by  the  reflex 
actions  taking  place  in  the  spinal  cord  or  in  other  parts  of  the  nervous 
system. 

Irritability  of  Motor  Fibres. 

The  motor  nerves  are  es|>ecia!ly  conveinent  for  studying  the  action 
of  nervous  irritability,  because  their  excitement  has  for  its  result  a 
visible  muscular  contraction  ;  and  this  may  tnke  place,  even  when  the 
nerve  and  its  muscle  ha\e  been  separated  frum  the  rest  of  tlie  body. 
To  produce  this  result,  however,  as  in  the  case  of  the  sensitive  nerves, 
two  conditions  are  requisite,  n.iniely;  first,  the  nerve  fibre  must  pre- 
serve its  normal  irritability;  and  secondly,  the  muscular  tissue  must 
also  be  capable  of  respdiiding  to  a  stimrdus  by  the  contraction  nf  its 
fibres.  The  laws  regulating  these  two  sets  of  phenomena  mav  tljtii'fore 
Ijc  studied  in  connection  with  each  other. 

Mtidfi  of  exiiihin'ng  Mneciiln}-  Irritabilidj. — This  is  best  shown  in  the 
cotd-blooded  animals,  since  in  them  it  continues  active  for  a  longer  time 
than  in  the  birds  and  manimaliims.  A  frog's  leg  is  separated  from  the 
body  of  the  animal,  the  skin  removed,  and  the  [lotea  of  a  galvano-elcctric 
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Fboo'b  Liia,wl*h 
tlio  poli'i  of  >l  gl|. 
VnOlobnllcry  it)i)illi;i) 
to  the  muaolci  at 
0,6. 


iipnratua  (Fig.  143,  a,  6)  applied  to  the  surface  of  Fig.  143. 

the  denuded  muscles.  A  coutracUon  takes  place  . 
each  time  the  circuit  ia  completed,  when  the  elec-  \  ^^^i^\  I 
trie  discharge  passes  tlirotigh  the  limb.  In  this  case, 
the  stimulus  ia  a|)|)lie(t  directly  to  the  iinisck'H,  and 
ahows  that  their  irritabilitj-,  or  power  of  contrac- 
tion under  the  influence  of  an  excituig  cause,  does 
not  de{)eud  upon  their  remaining  in  connection 
with  the  nerves  or  nervous  centre.s.  A  Binjrle  mus- 
cular fibre,  in  fixct,  separated  from  all  neigliboring 
parts,  maj'  sometimes  be  seen  to  contract  under  the 
microscojje  for  a  certain  time  aflcr  its  removal  from 
the  uiUseuUir  tissue.  The  muscles  wilt  also  respond 
by  contraction  to  variou.-*  tjthir  kinds  of  mechanical 
or  chemical  stimulus,  such  as  pinching,  pricking, 
cauterizing,  the  contact  of  hot  or  cold  bodies,  or 
the  application  of  various  acid,  alkaline,  or  saline 
solutions.  The  most  etiicient  and  mauugeahle  stimu- 
lus, however,  is  the  electric  discharge. 

Mod>;  of  exhibiting  Nfroona  Irritability. — In  order  to  exhibit  the 
irritability  of  the  motor  nerve  fibres,  n  frog's  leg  is  prepared,  as  in  the 
preceiling  experiment,  except  that  the  sciatic  nerve  is  cut  off  at  its 
point  of  emergence  from  the  spinal  canal,  and  tlissecte*!  from  the  adja- 
cent tissues,  so  that  a  considerable  portion  of  it  is  left  exposed,  but 
retaining  its  connection  with  the  se|>arate<i  limb 
(Fig.  144).     If  the  two  |>olc.><  of  a  galvanic  battery  Fig.  144. 

be  now  placed  in  contact  with  ililferent  points  (a,  6) 
of  the  exposed  nerve,  and  a  current  allowed  to  pass  \      n         I 

Itctwcvn  them,  at  the  moment  of  its  passage  a  cun- 
traclion  takes  |)lace  in  the  muscles  below.  It  will 
l»e  seen  that  this  exiM'rinient  is  allotfelher  different 
firom  the  one  represented  in  Fig.  143.  In  that.  c«se 
^ke  electric  discharge  passes  through  the  muscles 
themselves,  and  acts  upon  them  by  diri-ct  slimdhis. 
Here  the  current  pas-ses  only  Irum  a  to  6  througli 
the  tissues  of  the  nerve,  and  acts  directly  upon  the 
nerve  alone;  while  the  nerve,  acting  upon  the 
muscles  by  its  own  special  agency,  causes  in  this 
way  ft  rauHcular  contraction.  So  long,  therefore, 
a»  the  muscles  are  in  u  healthy  condition,  their  con- 
traction, under  the  influence  of  a  Btimuhis  applied  Ell 
to  the  nerve,  demonstrates  the  irritability  of  the 
latter,  anil  may  be  usdl  as  a  convenient  measure  of 
its  intensity. 

77je  irritability  of  a  motor  verve  covtinuen  after 
dmth.     The    knowledge  of  this    fact   follows  from     thelcutfo  nerveTx» 
what  has  been  said  witli   regard   to  experimenting     ftttached.    a,  6.  poio^ 
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bility  of  the  nerve,  like  tlmt  of  the  muscles,  dei^nds  direetly  upon  its 
aiiiituiuiral   structure  and   constitution ;    ajid  so  long  as  these  remiilo 
uiiiiupuired,  the  iitrve  will  retain  its  vital  [jruijerties,  though  respint-j 
tion  and  eireuLitioti  inuy  have  cewaed.     For  the  same  reason,  nervnua 
irritability  Itmtif   lunger  alU^r  death   in  tlie  C(dd-blooded   than   in  the 
warm-blooded  animaU.     Various  artilieial  irritants  may  be  employt-dj 
to  cuH  it  into  activity.     Pinching  or   pricking  the  exposed  nerve  with] 
steel  instruments,  tlie  appliciitioii  of  caustic  liquids*,  and  the  passagf  uf 
gnlvaiiic  discharges,  all  have  this  effect.     The  galvanic  current,  how- 
ever, is  the  best  means  to  employ  for  this  purpose,  since  it  is  more 
delicate  in  its  opcnitiun  than  the  others,  and  will  continue  to  succec'l 
for  a  longer  lime. 

The  nerve  is  so  sensitive  to  the  galvanic  current  that  it  will  re.4pond1 
to  it  when  insensible  to  all  other  kinds  of  stiinulua.      A  frog's  leg! 
freshly  preijareil,  hh  above,  with  the  nerve  attiiched,  will  react  so  readily 
when   a  discharge  is   passed  through   tlie  nerve,  that  it  forms  an  ex- 
tremely delicate  instrument  for  detecting  the  presence  of  electric  cut 
rents  of  low  intcns^ity,  and  Ims  been  sometimes  used  for  this  purposed 
uu<ler  the  name  of  tlie  ''  galvanoseojiic  frog."     It  is  oidy  necessary  toj 
introduce  the  nerve  as  jinrt  of  tlie  electric  circuit;  and  if  even  a  very 
feeble  current  Im  present,  it  is  at  once  betni^ed  by  a  muscular  con»J 
traction. 

Nervmm  irritability,  hlr  (hat  of  the  mu.tf^'s,  I'.s  erhau^li'd  by  repfati'i\ 
excilement.     If  u  frog's  leg,  pix'parcd  in  the  manner  above  describeil, 
■with  the  sciatic  nerve  attachtnl,  be  allowed  to  remain  at  rest  in  a  damp 
and  cool  place,  where  its  tissue  will  not  become  attere<i  l)y  desiccation^ j 
the  nerve  will  remain  irritable  for   m.an_)  hours;  but  if  it  be  excit<Ml,| 
soon  after  its  sejHiration  from  the  body,  by  rej>cated  shocks,  it  t»eginf| 
to  react  with  diminished  energy,  and  becomes  gradually  less  irritable,] 
until  at  last  it  ceases  to  exhibit  any  further  exciiabllity.     If  it  be  noir] 
allowed   to  remain  for  a  time  at  rcrst,  its  irritability  will  be  partially 
restored ;  and  muscular  contraction  will  again  ensue  on  the  application 
of  a  stimulus  to  the  nerve.     Exhausted  a  second  time,  nnd  a  seeoud 
time  alloweil  to  repose,  it  will  again  recover  itself;  and  this  may  be , 
repeated  several  times  in  succession.     At  each  repetition,  however,  llie'l 
recovery  of  nervous  irritability  is  less  comjiletc,  until  it  flnall3'  disajM 
pears  altogether,  and  can  no  longer  Im  recalled.     The  irritability  of  the] 
muscles  may  be  exhausted,  in  a  similar  way,  by  repeated  excitement. 

Various  circumstances  tend  to  diminish  or  suspend  the  irritability  of! 
the  motor  nerve  fibres.  As  in  the  case  of  the  sensitive  fibres,  eonipre»« 
sion,  cold,  or  other  similar  agencies  will  depress  the  power  of  tbej 
muscular  nerves,  so  tliat  they  can  no  longer  excite  a  contraction  whenj 
subjected  to  the  galvanic  current.  Severe  and  sudden  mechanical  in-| 
juries  ollcn  have  the  same  elfect  ;  as  where  general  muscular  relaxation,^ 
or  diminished  power  of  voluntary  motion,  is  produced  by  any  extensive 
contusion  or  laceration  of  one  of  the  limbs.  Such  an  injury  produces 
genera!  disturbance  or  akoch,  whicli  affects  the  entire   nervous  systeoiil 
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anJ  destroys  or  siispciida  its  irritahility.  The  etft-cts  of  a  nervous 
shock  of  tliia  kind  ruay  frequently  be  seen  in  man  after  railroad  acci- 
dents, where  the  patient,  tliough  exteiisively  injured,  may  remain  for 
^ume  hours  in  a  state  uf  uuusuul  musciihir  debility,  and  at  the  same  time 
without  the  sensation  of  pain.  It  ia  only  after  reaction  has  taken  pintle, 
and  nervous  iriitabilitv  hns  been  restored  liy  repose,  that  the  powers  of 
sensation  and  voluntary  motion  are  re-estnl)lished. 

It  is  often  found,  on  prej>aniig  tlie  frog'ts  leg  l'<*r  experiment  a»  above, 
that  immediately  after  tiie  limb  has  been  sejiarated  from  the  body  and 
the  integument  removed,  the  nerve  is  destitute  of  irritability.  Its 
vitality  has  h»een  susjx'nded  by  the  violentte  inHiettHl  in  the  jireparatory 
operation.  In  a  few  uiopients,  if  kept  under  favorable  conditious,  it 
recovers  from  the  shock,  and  regains  its  natural  irritability. 

Different  Action  of  the  Direct  ami  Inverife  Curretdx, — The  action 
of  the  galvanic  current  upon  the  nerves,  as  first  shown  by  Matteucti,  is 
in  many  respects  peculiar.  If  the  current  be  made  to  traverse  the  nerve 
in  the  natural  direction  of  its  fibres,  namely,  from  its  origin  toward  its 
distribution,  aa  from  n  to  b  (Fig.  144),  it  is  caller!  the  dir*!ct  current. 
If  it  iHf  m.ide  topa.ss  in  the  contrary  direction,  as  from  b  to  n,  it  ia  called 
the  in wr8e  current.  When  the  nt-rve  in  fresh  titvd  exceedingly  irritable, 
or  when  the  galvanic  current  is  of  sufileient  intensity,  a  muscular  con- 
traction t;ikes  |>Iace  at  both  llie  commencement  tind  termination  of  the 
current,  whether  it  \w  direct  or  inverse.  U«it  wlu-n  the  activity  of  the 
nerve  has  l»ecome  somewhat  diminished,  or  when  the  current  emjjloyetl 
is  of  feefde  intensity,  contraction  takes  place  only  at  the  commettctmfnl 
of  the  direct  and  at  the  termination  of  (he  invurxe  current.  This  may 
readily  be  show^n  by  preparing  the  two  legs  of  the  same  frog  in  auch  a 
manner  that  they  remain  connecU:':d  with  each  other  by  the  sciatic  nerves 


Pig.  14.=». 


and  that  portion  of  the  spinal  column  from  which  these  nerves  lake  their 
origin.  The  two  legs,  so  prepared,  are  placed  each  in  a  vessel  of  water, 
with  the  nervous  connection  hanging  between.  (Fig.  145.)  If  the  posi- 
tive pole,  a,  of  the  battery  be  now  placed  in  the  vesjiiel  which  holds  leg 
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leg  Xo.  2,  it  will 


No.  1,  nnd  tUe  negative  pole,  b,  in  lluit  coutaii 

seen  that  the  gaivanio  eurnnil,  wilt  traverse  the  two  logs  in  opiwsital 
directions.  In  Xo,  1,  it  will  pass  in  a  direction  contrary  to  the  coiir 
of  its  nervous  flbrcs,  that  is,  it  will  be  for  tins  leg  an  invense  current d 
while  in  No.  2  it  will  pass  in  the  same  direction  with  that  of  the  nervous 
filires,  that  is,  it  will  be  for  this  k-g  a  direct  current.  It  will  now  be 
found  that  at  the  moment  when  tha  eircniil  is  completed,  a  contrnctiott 
t:ikus  place  in  No.  2  hy  the  dirtHit  current,  while  No.  I  remains  at  rest; 
but  at  the  time  the  circuit  is  broken,  a  contraction  is  protluced  in  No.  1 
by  the  inverse  current,  while  tio  movement  tukus  place  in  No.  2.  A  suc- 
cession of  alternate  coiitractione  may  thus  be  produced  in  the  two  legs 
by  repeate<ily  closing  and  oijening  the  circuit.  If  the  position  of  the 
poIe8,  fj,  6,  be  reversed,  the  elfects  of  the  current  will  be  changed  in  k 
corresponding  manner. 

After  a  nerve  haa  l>ecomc  exhausted  by  the  direct  current,  it  is  stilt 
sensitive  to  the  inverse;  and  after  exhaustion  by  the  inverse,  it  is  still 
sensitive  to  the  direct.  It  was  even  found  by  Mattcucci  timt  after  a 
nerve  has  lieen  exhausted  for  the  time  bj*  the  <lirect  current,  the  return 
of  its  irritalnlity  ta  hawtened  by  the  sidiKtiiuent  passage  of  the  inverM 
current;  so  that  it  will  become  again  sensitive  to  the  direct  cumsnt 
sooner  than  if  allowed  to  remain  at  rest.  Nothing,  accordingly,  is  so 
exciting  to  a  nerve  as  the  passage  of  direct  and  inverse  currents,  alter- 
nating Avith  each  other  in  rapi4l  Rucccssion.  Such  a  mode  of  applying 
the  electric  stimulus  is  that  aflbrtled  by  the  Farndic  apparatufi,  in  wliicli 
momentary  currents  of  indnced  electricity  are  ma^le  to  traverse  the  cir- 
cuit in  two  opposite  direction;*  in  rapid  alternation. 

The  irritabiiify  of  motor  twrcea  is  distinct  from  that  of  the  mtttckf. 
This  is  shown  by  the  fact  that  the  two  properties  may  be  destroyed 
or  suspended  indeiiendontly  of  e.'ich  other.     When  the  frog's  leg  has 
Ijccu  ])repared  and  sejiaraled  from  the  body,  witli  the  sciatic  nerve  at- 1 
taelied,  the  muscles  contract,  as  shown  above,  whenever  the  nerve  is ! 
irriLuti'd.     The  Iri-itubility  of  the  nerve,  therefore,  is  manifested  in  tbisj 
instance  only  through  that  of  the  muscle,  and  that  of  the  muscle  iS'j 
called  into  action  only  tlirough  that  of  the  nerve.     But  the  action  of 
wuurara  has  the  power,  as  first  pointetl  out  by  Beniard,'  tif  destroying 
the  irritability  of  the  nerve  without  affecting  tImt  of  the  muscles.     If  nj 
frog  be  ])oisoned  by  this  substance,  and  the  leg  prepared  as  above,  tht 
poles  of  a  g:dvantc  battery  applied  to  the  nerve  wilt  produce  no  effect. 
But  if  the  galvanic  discharge  l)e  passed  directly  through  the  muscles,] 
contraction  takes  place.     The  musctitar  irritability  haa  surs'ivcd  thatj 
of  the  nerves,  and  must  therefore  be  regarded  as  essentially  distinct^ 
from  it. 

Thero  arc,  therefore,  two  kinds  of  paralysis:  first,  a  muscular  p8^ 
tU3'sis.  in  wtdch  the  nniscular  fibres  tliemselves  are  directly  atlecte<I; 
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and  secondly,  a  nervous  paralj'sis,  in  which  the  affection  is  confined  to 

le  nerve  fibres,  the  muscles  retaining  their  natural  properties,  and  being 

still  capable  of  contraction  under  the  iuHuence  of  direct  slimulufi. 

k       Identity  of  Action  in  the  Sensitire  and  Motor  Neire  Fibres. 
The  results  which  are  produced   by  the   physiological  action  of  the 
erve  fibres  differ  from  each  other  in  the  two  classes  to  which  they 
Delong.     The  stimulation  or  excitement  of  the  sensitive  fibres  produces 
a  sensation,  or  a  sensitive  impreissidn  in  the  nervous  centre;  that  of  the 
motor  fll)res  causes  contraction  of  the  muscles  to  which  they  are  tli$t.ril>- 
uted.     Moreover,  if  a  sensitive  nerve  or  nerve  fibre  be  divided,  stirauluH 
applied   to  its  central  or  attached  estietiiity  still  excites  a  sensation, 
while  the  application  of  the  same  stimulus  to  its  separated  or  perijihenil 
portion  produces  no  appiiretit  result.     On  tlie  other  band,  if  a  motor 
nerve  be  divided,  irritation  of  its  attached  extremity,  which  is  still  in 
I      connection  with  the  nervons  centre,  is  without  effect;  but  irritation  *ft 
its  j>eripherid  portion  ciiuses  a  muscular  contraction  as  berore.     lu  other 
wortls,  the  nervous  force,  in  a  sensitive  nerve,  appears  to  move  always 
in  a  centripetal  direction,  thut  is  from  willumt  inward  ;  in  a  motor  nerve, 
on  the  other  hand,  in  a  centrifugal  directicm,  or  from  within  ontwarfl. 
In  the  natural  condition  of  the  [tarts,  aUo,  the  excitement  of  a  sensitive 
^rierve  never  ijmduces  directly  any  other  effect  than  sensation  ;  that  of  a 
^Ksotor  nerve  only  gives  rise  to  the  phenomena  of  movement. 
^^     These  facts  easilj*  stiggest  the  idea  that  the  two  kinds  of  nerve  fii)res 
may  !«  distinct  in  their  priijuTtics  ami  modes  of  nctiun  ;  tiiat  the  sensi- 
LsMve  fibres  ma^'  be  capable  of  acting  ojdy  in  a  centripetal  direction  and 
^Bl^f  excitirrg  the  phenomena  of  sensibility ;  and   that  the  motor  fibres 
Bfcftn  only  act  from  within  outward  and  transmit  a  special  kind  of  nerve 
"force,  adapted  to  excite  muscular  contraction. 

^11  is  cvitient,  however,  that  the  reasons  given  above  are  not  sufUcient 
indicate  a  difference  in  the  activity  of  the  nerves  themselves,  bnt  only 
the  sensible  results   of  its  operation.     In  neither  case  is  tliere  any 
rceptible  effect  produce<l  in  the  nerve,  but  only  in  the  organ  with 
wuicii  it  is  in  connection.     When  a  sensitive  nerve  is  excited,  the  sensa- 
I      tion  is  i>erceive<l  in  the  nervous  centre  ;  when  a  motor  nerve  is  called 
intf>  activity,  the  contraction  i*  performed  \ty  the  muscular  fibres  at  its 
periphery.     It  is  possible  that  the  condition  of  the  ner>'e  fibres,  when  in 
^n  state  of  excitement,  may  be  the  same  in  c«ch  instance,  and  that  the  dif- 
^^Brcncc  in  the  effect  produced  may  be  due  to  the  different  physiological 
^"properties  of  the  organs  in  which  tliey  terminate ;  just  as  the  conducting 
wire  of  a  galvanic  battery  may  l>e  made  to  ring  a  l>ell  or  move  an  inilex, 
trtccording  to  the  mechanism  with  which  its  poles  are  connected.     There 
P^re  certain  facts  which  can  hardly  bear  any  other  interpretation  than 
'      this,  and  which  lend  to  the  conclusion  that  the  physiological  action  in 
the  nerve  fibres  themselves  is  not  essentially  different  in  different  kindo 
of  nerves. 
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1.  The  stimulus  applied  to  a  neruf,  tvhtlker  eensitive  or  motor ^ 

(Inii'H  the  same  fffevt  throughout  its  entire  length. 

Ill  tlie  mitunvl  eonditioii  of  tlie  parts,  the  imprcsBions  made  upon  the 
(.xtemal  iiitt-giinu'iit,  wlit'ii  tliey  give  rise  to  sensation,  are  transinittetl 
liy  the  sensitive  lu'rve  througb  its  wliolu  courso  to  the  nervous  centre. 
Tiiere  it  is  perceived  rs  a  sensation;  and  the  ttensation  thus  prodnced  ia 
relerred  by  the  inilividunl,  nut  to  tht;  hraiu  or  to  an^'  part  of  the  ncr\'e, 
hut  to  the  integument  ulit'it;  tlie  mrve  origi»Hte(J.  If  an  irritation  I* 
a|ij>licd  to  the  nerve  in  the  middle  of  its  course,  the  sensation  is  still 
pert'eived  as  if  it  came  from  the  same  portion  of  the  integument  and  had 
travelled  through  the  same  distance  as  before.  It  is  well  known  tli.at 
after  nmptvUition  of  n.  limh  in  the  human  subject,  if  the  Hevereil  extremity 
of  one  of  the  nerves  happen  to  lie  compressed  or  otherwise  irritate*!  by 
the  tissues  of  the  cicatrix,  or  if  it  be  the  seat  of  inflammatory  nctiun, 
mnny  ilitferent  seiiRutioiis  of  pain,  movement,  heat,  or  cold,  are  excited, 
whifli  are  jdways  ivt'eijvd  by  the  iniltvidnal  to  the  amputated  portion 
of  the  limb;  ain^  patients  often  assert  that  they  can  feel  the  separatetl 
part*  as  distinctly  aa  if  they  were  still  attached  t(*  the  body.  The  im- 
pression conveyed  throiit.di  the  remaining  portion  of  the  nerve  is  the 
same  as  if  the  whole  of  it  were  still  in  existence. 

The  action  of  the  motor  nerves  is  of  &  similar  kind.  A  volantarj 
stimulus,  which  originates  in  the  brain,  passes  through  the  entire  length 
of  a  motor  nerve  to  reach  the  muscles  and  excite  their  contraction. 
But  if  the  nerve  he  divided  at  any  interme<liale  point,  and  a  galviuiic 
Btimulns  applied  to  tlie  peripheral  portion,  a  contraction  follows  iu  th 
same  muscles  as  before.  In  each  case,  the  physiological  effect  t3  pro* 
(Inced  at  the  extremity  of  the  nerve  fibres;  and  it  seems  to  make  no 
essential  dilference  in  its  character  from  liow  great  a  distance  it  h 
Ijeen  transmitted. 

So  fur  as  yet  known,  therefore,  the  nerve  fibre,  whether  sensitive  or 
motor,  when  its  irritability  is  excited,  may  Im?  thrown  at  once  into* 
condition   of  activity  thronghont   its  entire  length ;    the  whole  nervi 
assuming  a  state  of  polarifij,  analogous  to  that  of  a  magnetize*!  bar,  ii 
which  the  visible  phenomena  of  attraction  or  re|>ulston  are  manifested 
only  nt  its  extremities,  although  the  whole  substance  of  the  bar  partici- 
pates in  its  magnetic  molecular  action.     When  the  exciting  stimulus,  a>j 
in  the  sensitive  nerves,  is  naturallj-  ap[)lied  at  the  periphenil  extreraitVf 
It  roust  necessarily  l>e  commmiicated  from  without  inward;  and  when 
it  commences  nt  the  inner  extremit}',  ns  in  a  motor  nerve,  it  must  move 
in  a  direction  from  within  outward.     But  nothing  thus  far  shows  th.tt 
it  may  not  be  capable  of  moving  in  either  of  these  two  directions  in  tin 
same  nervous  fibre.     The  following  experiments  show  that  this  is  i 
reality  the  case,  so  far  as  regards  the  sensitive  nerves. 

2.  Sensitive  intpressionn  maij  paifs,  in  Ihe  Jibres  of  a  f(en»itioe  nrr 
eithtT  from  icHhaut  inward  or  from  icithin  outward. 

This  of  course  never  takes  [ilace  in  the  natural  condition  of  the  p-irts; 
but  its  possibility'^  has  been  demonstrated,  in  the  expenmcnts  of  Paul ' 
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Bert,'  b}-  dividing  a  sonsitlve  nerve  and  tlicn  reversing  ita  positioHf 
KO  tiiat  its  peripheral  extrtniity  is  brought  into  connection  with  the 
nerve  centres.  'I'he  end  of  tlie  tail,  in  u  j  oimg  rat,  was  deprivetl  of  its 
integument  for  u  lengtii  of  live  c-entituetre«,  tuid  tbc  denuded  portion 
inserted  beneath  tht;  integuuTeut  of  the  back  of  tlje  winie  ;inimal.  At 
the  end  of  eight  days,  when  tiie  ingrafted  portion  ha*!  bi-come  adiierent 
to  the  subcntaueous  tissues^  and  had  contracted  BUlliciuut  vaaeular  eon- 
I  iiection  fur  its  support,  the  tail  was  iinipiitated  at  its  base,  ajid  thcnw- 
!  forward  remained  attached  to  the  body  of  tiie  animal  only  by  what  was 
previously  its  peripherftl  extremity.  In  tliree  months  the  signs  of  sensi- 
bility again  began  to  bt?  ra!inife8te<i  when  the  end  of  tlie  tail,  thus  re- 
versed, was  subjected  to  compression ;  and  at  the  end  of  six  months  its 
sensibility  was  re-established  to  an  unniistakahle  degree.  'I"he  nerves 
of  the  tail,  wliich  before  the  operation  Iran  emitted  sensitive  impressions 
from  ita  [MJint  toward  its  base,  afterward  transmitted  the  same  impres- 
sions from  its  ba.sc  toward  its  point. 

Tliere  is  no  evidence,  therefore,  tliat  nerve  fibres  are  endowed  with  two 
dirt'erent  modes  of  action,  one  for  sensation,  the  other  for  motion.  la 
each  case  the  condiliim  of  the  nerve  itself  nuiy  be  of  tlie  siime  nature. 
lUit,  being  thrown  into  a  state  of  excitement  throughout  its  entire  length, 
it  communicates  a  stimulus  to  the  or«jan  with  which  it  ia  connected.  If 
this  organ  be  a  perceptive  nern'ous  centre,  the  etJcct  produced  is  a  sen- 
sation ;  if  a  muscle,  it  results  in  contraction  and  movement.  These  acts 
cannot  be  interchanged  with  each  other,  because  the  muscle  cannut  feel 
and  the  nervous  centre  is  incapable  itf  ci.>ntractiiHi ;  but  they  are  b^tU 
indirect  efl'ects  of  tlie  nervous  influence,  and  do  not  necessarily  depend 
,      u\y(m  any  difference  in  its  nature. 

^i  Rapidity  of  Transiniuion  of  tlie  Uerve  Force. 

PIF    It  is  a  matter  of  conscious  exjierience  that  the  operations  of  the  nerv- 

j  0U8  system  require  a  certain  time  for  their  aecomplisbment.  Tlie  action 
both  of  the  senses  and  of  the  will  is  exceedingly  raiiid,  but  still  is  not 
absolutely  instimtaneons.  Between  tlic  nuntal  dccibiuu  to  ]»erfomi  a 
voluntary  movement  and  its  actutd  execution,  thcic  is  a  short  but  real 
interval   of  time,  during  which  the  nervous  mechanism  is  cidled  into 

I  activity.  A  certain  period  nlso  intervenes  between  the  contact  of  a 
foreign  bod}'  with  the  .skin,  and  our  com]i]ete  perception  of  its  existence 
and  qualities.     There  is  even  moiv  or  less  diflerence  between  individuals 

I  in  llie  length  of  time  required  for  the  iwrforraance  of  nervous  action; 
the  quickness  of  the  sen-ses  iind  the  promptitude  of  the  will  frequently 
varying  to  a  perceptilile  degree.  In  the  case  of  a  voluntary  movement, 
the  period  consumed   in   its  entire  accomidishnient   mny  be  occupied 

I  by  three  ditlerent  processes,  namely:  1.  The  act  of  volition,  taking- 
placn  in  the  brain  ;  2.  The  transmission  of  the  motor  impulse,  through 
the  spinal  cord  and  uer>'es,  to  their  peripheral  terminations ;  and  3.  The 


'  La  Vitality  propre  dea  Tissues  animanx.     Paris,  1866,  p.  12. 
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excitement  of  the  muscular  fibres  to  a  state  of  contraction.     In  the  case 

of  a  Kt'nsatioii,  tlicre  ave  nlso  tliree  aiuilogous  successive  acts,  namclv 
1.  Tlie  rt'ception  of  the  iiiipresaion  by  the  Beiisitive  uiembrane;  2.  Tra« 
u)issiun  ol'  the  Btinuiius  tlimugti  tLe  Jierve  fibres  inward;  and  3.  Its  [iv: 
eeption  iu  tUe  braiu  an  a  couscious  pcusation.  It  is  an  impoitant  pb 
Bioldgicjil  jiroblein  to  detcruiiiie  tbe  degree  of  rapidity  with  which  ill 
transniission  of  stiimiluB  tiikea  place  ihiuugU  the  nervt-  fibres  in  eith 
direction;  and  it  ha*  recently  become  u  mutter  of  practical  interebt 
relation  to  pathology. 

Mi-tkoda  of  (li'tirminivg  the  Jiafi'  of  Transmifnion  of  the  Nerve  For> 
— The  measurement  of  the  rate  of  transmission  of  the  nerve  force  w 
first  aeconipJiaUed  by  llelmholtz,'  and  has  since  been  carried  out  by 
ntimljer  of  dillorcnt  observers  v\itli  essentially  eimilnr  results.  TIi 
j)riiid|ile  adopted  is  in  all  cases  the  same.  Muscidar  conlmction 
excitetl  by  a  stimulus  which  passes  thruiigli  two  nen-es  of  ditferi- 
length,  or  through  two  dillereiit  lengths  of  the  sanienen'e;  the  delaj 
in  contraction,  when  the  etimidus  jinssca  through  the  greater  of  I 
two  distances,  gives  the  ttmo  required  for  its  transmission  by  the  lute: 
vening  nerve  iilires. 

These  experiments  were  first  ixTlbrmed  upon  nerves    find  mnscl 
freshJy  separated  from  the  boily  in  the  cold-blooded  animals.     1  he  goi 
trocncmiua  muscle  of  a  frog  is  prepared,  with  a  portion  of  the  bci 
nerve  attached.     A  galvanic  battery  with  nn  induction  apparatus  is  al60 
provided,  so  that  the  closure  of  the  circuit  of  the  battery  will  pro<Uic«j 
an  instantaneous  electric  current  in  the  induction  coil.     By  this  meani 
the  stimulus  of  the  induced  current  is  first  applied  to  the  mii^-le  itself, 
and  the  time  noted  wliith  intervi-rres  between  the  closure  of  the  circuit 
and  the  muscular  contraction.     This  re])re3ent9  the  period  required  for 
the  excitement  of  the  muscular  fibres  themselves,  and  was  found  in  th 
experiments  of  llehnholtz  to  be  about  .j},^  of  a  second.     If  the  stiniiitii 
\\c  now  applied  to  the  nerve  in  immediate  proximity  to  Ihe  muscle^  the 
above  interval  is  not  peiceptibly  altered.     But  if  it  be  applied  to  the, 
nerve  at  a  point  one,  two,  or  three  centimetres  distant,  a  decided  i*ctard 
tioti  is  manifested  in  the  muscular  contraction;  and  this  retardalioi 
becomes  greater  as  the  length  of  the  nerve,  between  the  muscle  and  lh( 
point  of  stimulation,  is  increased. 

The  intervals  of  time  in  these  experiments  have  been  measured  h; 
various  contrivances,  the  most  successful  of  which  depend  npon  the  ns 
of  an  automatic  registering  apparatus,  on  the  principle  of  that  cmploye<l 
by  Marey."  In  this  apparatus,  a  curd,  with  its  surface  blackened  hv 
smoke,  moves  by  clockwork,  with  uniform  velocity,  in  a  horizontal 
dirtetion.  Upon  this  card  the  extremity  of  a  diapason  or  tuning  fork, 
vibrating  iiOO  times  |>Gr  second,  traces  an  undulating  line  (Fig.  14(>,  <l)! 
which  records  the  time  occupied  by  the  card  in  moving  from  one  point 
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'  Comptes  RenduB  de  I'Acadtmie  des  Sciences.    Paris,  1851,  tome  xzxiii.  p.  262 
*  Pa  Moavemeal  daas  lea  Foactiiiaa  de  la  Vie.    Paris,  ISeS,  p.  422. 


AND    ITS    MODE    OF    ACTION. 


427 


lo  another.  A  straight  horizontal  Jfne  (b)  is  also  traced  upon  the  c.ird 
\>y  the  extremity  of  a  filendier  stt'el  lever,  the  other  end  of  whieh  forms 
a  part  of  the  galvfliiio  circuit.  The  closure  of  the  circuit  ia  accom- 
plished by  aniovenieiit  which  pushes  aside  this  lever. and  thus  causes  a 

I  Fi?.  14fi. 

r 

P  Di*.oKAit    OF   THk   HaaiaTBkino   A  fi*a  batus,  kcuordtag  to  the  ptnti  ui   Mnrej*. 

«.  I'ndulAtlni;  line  tmrpd  by  thr  diaiiaaon,  which  mmrka  the  time  conaumed  Uy  (he  cnnt  ta 
moving^  from  oue  jiolnt  to  nnother.  b.  Line  traced  by  the  Orat  lerer,  rorming  pnrt  of  the 
enlTKnlc  circuit,  e  Line  trnccd  hy  lite  ■tcoiid  lever,  whteh  1*  moved  ljy  the  contraction  of 
the  muscle,  d.  l>cTlitlloa  of  the  line  A,  indicating  the  cloture  of  the  (;ntvnnlc  circuit  And  the 
•tlmulAtlOD  of  the  nerre.    «.  DevintioD  of  the  line  t,  tadicatlog  the  muaaul.'M' eontractioD. 

deviation  (d  )  in  t  he  line  traced  by  its  extremity.  This  deviation  registers 
upon  the  card  the  Jnslant  of  the  closure  of  the  circuit,  and  consequently 
thiit  of  tiie  btinmlatitm  of  the  nerve.  The  muscle  used  for  experiment 
is  fixed  in  position,  with  its  tcndun  attached  to  a  second  lever  in  such  a 
way  that  any  muscular  contraction  will  draw  aside  its  free  extremity. 
This  lever  traces  upon  the  card  a  second  straight  horizontal  line  (r) 
parallel  to  the  first ;  and  when  tlie  muscle  contracts,  the  iiiio  is  devi- 
ated, as  at  (e),  by  tlie  lateral  movement  of  the  lever. 

Thus  when  the  experiraeiit  hiia  been  performed,  there  are  left  upon  the 
Rurface  of  tlie  card  two  deviations  d  and  e,  one  of  which  represents  the 
stimulation  of  the  nerve,  the  other  the  muscular  contr!ieti')n ;  aud  between 
the  two  is  included  a  certain  interval.  The  number  of  uiidulalions  in 
the  diapason-trace  (a),  coirepponding  to  this  interval,  gives  ti»e  time 
which  has  elapsed  l>etween  the  stimulation  of  the  nerve  and  the  contrac- 
tion of  the  muscle.  In  the  examjdc  shown  in  Fig.  14(),  na  the  interval 
Iw'tween  the  deviationsi  includes  13  sim|i!e  vilnalions,  of  which  500 
would  represent  one  second,  the  time  occupied  is  O.Oiifi  of  a  second. 
Ily  this  means,  intervals  of  time  of  very  short  duration  may  be  registered 
and  compared  with  accuracy. 

Subsequently  to  the  ex|)eriments  upon  separated  nerves  and  muscles 
in  the  lower  iinimala,  iuvestij^ations  of  a  similar  kind  were  extended  to 
the  human  subject  during  life.  In  the  experiments  of  Baxt,'  this  was 
ihjne  by  applying  the  electrodes  lo  the  surface  of  the  skin  itnmetliately 
over  the  situation  of  the  median  nerve,  and  at  varying  distances  from 
the  muscles  to  which  its  fibres  arc  distributed.     The  nerve  was  thus 


'  MoQ&tsbericlit  der   Kdniglicben    PrrtisniBcben  Akademic,  April,  1867,  and 
March,  1870. 
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8timuta.ted  at  tbe  wrist,  at  the  elbow,  an<l  at  ihe  upp>er  arm  near  thf»  i 
luwfr  t'xtremitk's  of  the  foraeo-brafbialis  and  ilt-Uoid  muscles ;  iheetfi^i 
of  the  stimulation  beiug  inaiked  by  Ibe  bWtUiug  of  tbe  muscles  at  iha 
ball  of  the  thumb.     Here  idso  it  was  IbuutI  that  tlie  iutcrvening  time 
between  the  apjilication  of  iLe  electrodes  and  ibe  muscular  eouti-action, 
wa.s  greater  when  the  stimulus  was  applied  to  the  nerve  at  the  upp<'TJ 
arm,  than  when  iipplied  at  tbe  wrist;  this  increased  inteiTal  beiug  e^1 
dejitly  the  time  rwjuired  for  ibe  traiibaiission  of  the  nervous  impulse] 
from  one  foiiit  to  the  other.     The  rate  vt  Iraneiuission,  as  a8cert«ijii'<l| 
by  these  experiments,  was  found  to  vary  considerably  acconling  to  ih«| 
dilTerent  ct'uditioits  of  cobl  and  warmth;  the  transmission  in  the  me-J 
dian  nerve,  when  subjected  to  cold,  being  sometimes  lesa  than  oue-balf  [ 
as  rapid  as  in  tbe  same  nerve  at  a  higher  temperature. 

Finally,  in  tliu  experiments  of  Bnrckbardl,'  the  rate  of  transmission  of| 
tlie  uervc  force,  for  voluntary  motion  and  the  acts  of  conscious  sensa- 
tion in  ninn,  bus   been  investigated  at  considerable  length.     In   tbeaej 
ex|)ierimentH,  an  automatic  registering  ap|)aratus  was  employed,  in  which ( 
the  beginning  sind   end  of  the  nervous  transmission  were  marked,  as 
above,  by  coi  responding  deviations  of  a  traced  Hue. 

Rate  of  IVaiiKnifxswn  in  the  Motor  Nervetf. — The  transmission  of 
the  voluntary  impulse  was  measured  in  Burekhardt's  investigations  as 
follows:  The  grilvjinic  battery  and  the  registering  apparatus  Inking  pro- 
perly attached  to  Ihe  [itrson  serving  for  experinienl,  tbe  signal  for  the 
contraction  of  a  particuhir  muscle  was  given  by  the  sound  of  a  I'ell 
conneeled  willi  the  battery.  Thus  the  entire  interval  registered  was 
that  between  the  soun<l  of  the  bell  and  the  muscnliir  contraction.  A 
part  of  this  lime  was  consumed  in  the  double  act  of  bearing  the  sound 
and  producing  the  volitional  lm]vulse.  A  part  was  also  taken  up  in  the 
locnl  process  of  muscular  contraction,  and  only  the  remainder  was  occu- 
]iied  in  that  of  nervous  transmission.  But  it  is  evident  that,  if,  in  two 
diflerent  observations,  the  same  signal  were  used  for  the  contraction  of 
two  muscles  supfilied  by  dillerent  lengths  of  nerve,  tbo  process  taking 
phiee  in  tlio  brain  and  that  taking  |)lace  in  the  muscle  would  be  alike 
in  linth;  and  nny  ditlerence  in  the  time  oliscrved  must  be  due  to  llie 
diOerent  distances  of  nerve  fibre  traversed  by  the  voluntary  motor 
impulse.  The  muscles  employed  for  this  purpose  were,  in  the  lower 
limb,  the  extensor  digitorum  communis  brevis,  tibialis  anticua,  and 
semiuiend^nmosus,  KU))iilied  by  branches  of  the  sciatic  nerve,  and  the 
qua<lrieeps  extensor  cruris,  supplied  by  tbe  anterior  crural  nerve;  in 
the  upper  limb,  tbe  interosseus  cxternus  ]irimii8,  extensor  digitoruni 
coinmuuis,  flexor  digitorum  and  deltoid,  oil  supjilied  by  branches  of 
the  braehial  plexus.  The  residt  of  all  tbe  observations  upon  eiyht 
dirterent  healthy  persons  was,  that  the  mean  velocity  of  transmissioi) 
for  the  voluntary  impulse,  in  the   perii)beral  nerves  of  the  upper  and 


Die   PUjbiologiscbe    Diagaostik  der    NcrvG^nkraukbeiten.      Leipzig,   187$, 
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lower  pxtremitics,  is  a  little  over  21  metres  per  second.  Tlio  miiiimum 
velocity  was  20  metres,  and  the  maxitnuui  36  metres ;  but  of  all  the 
ol'servfttions,  ivliieli  were  tliirty  i"  number,  twenty-tbree,  or  nearly  four- 
fifths,  gave  results  between  2*j  and  2y  metres. 

In  one  instance  the  rate  of  movcuieut  in  the  same  nerve,  for  tLe 
voluntary  jmpitlst'  anil  for  that  excited  Ity  galvanism,  was  tested  com- 
paratively, and  but  little  dilference  was  foutul  to  exist  in  the  two  ca!i«ea. 

According  to  Ihuvkhai"dt,  also,  the  rate  wf  (raiipmission  does  not  vary 
essentially  fur  weak  or  strung  motor  impulses;  that  for  a  muscular  con- 
traction of  moderate  force  passing  as  rapidly  through  the  nerve  as  tliat 
for  contractions  of  greater  power. 

Jiate  of  TrannmiifKion  in  tin-  Sensitive  Nerves. — The  rale  of  trans- 
mission for  impressions  of  c(»useious  sensibility  is  deteiniined  by  an 
analogous  method.  An  irritation  or  tactile  impression  is  produced 
upon  the  skin  at  varying  distances  from  the  nervous  centrep — as,  for 
instance,  upon  the  foot,  the  thigh,  and  the  loins;  and  the  instant  at 
which  the  sensation  is  ptreei\ed  is  indicated  by  a  movement  of  the 
finger.  As  the  time  required  for  the  act  of  conscious  perception  in 
the  brain  and  for  the  vuhmtsiry  movement  of  the  fin;jrer  is  the  same 
in  all  cases,  the  difierence  between  two  successive  observations  is  owing 
to  the  dilT'ercnt  kngtlis  of  the  nerves  transmitting  the  stimulus. 

In  the  investigations  of  Uurekhardt,  which  were  made  upon  thirteen 
diff'-rent  indi\  idiials,  the  moan  rate  of  transmission  for  sensitive  impres- 
sions through  the  peripheral  nerves  was  found  to  be  a  little  less  tlian 
47  metres  jn-r  secf<nd ;  that  is,  more  than  one  nn<l  a  half  times  as  rapid 
as  that  for  voluntary  motion.  The  variations  were  from  a  minimum 
of  20  to  a  mnximum  of  7;J  metres;  but  in  nearly  three-fourths  of  alt  the 
observations,  the  results  wcie  coufintd  within  a  vniirition  uf  fiiou  40  to 
56  metres.  The  lajjidity  of  transmission  varied  but  little  •with  the  in- 
creased or  diminished  intensity  of  the  impression;  the  di  He  re  nee,  on 
the  average,  beiug  but  little  over  one  per  cent. 

Jinlf  of  7'raminiisaiuH  in  thf  Spinal  Cord, — The  investigations  of 
Burckiiardt  first  indicated  m  ditlerence  between  the  rate  of  transmission 
in  the  spinal  cord  and  that  in  the  peri]iberal  nerves.  This  rate  was 
determined  for  the  spinal  cortl  by  comparing  the  time  consumed  in 
the  passage  of  a  voluntary  imj)nlse  to  the  extn-mities  of  two  nerves, 
like  the  scintic  and  the  ulnar,  which  emerge  from  the  siiiind  cord  at 
dill'erent  points.  In  this  case  the  voluntary  impulse,  alter  leaving  the 
brain,  will  traverse  diflierent  lengths  of  the  spinal  cord;  and  as  its  rate 
of  movement  in  the  peripheral  nerves  is  known,  the  difference  in  tJie 
time  tjf  its  entire  [lassage  ni:ty  be  easily  nl'emd  to  its  increased  or 
diminished  rate  of  movement  in  the  spinal  cortl.  Thus  a  motor  impulse, 
which  calls  into  action  the  interosseous  muscles  of  the  hand,  passes 
through  the  cervical  portion  of  the  spinal  cord,  and  thence  through  the 
lower  cen'ical  nerves,  the  brachial  plexus,  and  the  whole  length  of  the 
ulnar  nerve.  An  impulse  which  excites  contraction  in  the  quadriee|)S 
isor  cruris  passes  through  both  the  cervical  and  dorsal  portions  of 
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tlie  sj)iual  cord,  und  tlience  tlirough  the  lumbar  pk'xus  and  llie  anterior 
ciiual  nerve  to  tbe  tlilgli.  Consequently  its  transit  ibrougb  lli»;  spit 
coi'U  is  about  tlii'tc  linita  as  lung  in  tho  svcoiid  iuetance  as  in  llie  first; 
and  its  anioxnit  ul"  ret  nidation  will  iiidfcate  the  rate  of  lraiisU)i86toa  in 
Ihe  bpiiial  cord  as  compared  with  that  in  the  nerves. 

By  this  means  it  was  found  that  the  transmlssiuD  of  voluntary  motor 
impulsen  in  the  &iiiual  cord  is  eonsiderubly  feluwer  than  iu  the  nerves. 
Its  average  rupidiiy  was  a  little  over  lit  metres  per  second;  the  miiii- 
muiu  being  8,  the  maximum  14  metres.  Thus  the  dtffcrenee  in  rapidity 
of  transmission  througli  the  nerves  and  the  spinal  coiil  becomes  vtvy 
manifest. 

TrANSMIHSION  ok  VoLl-NTART  MoTOB   IsiPUI^Efl. 

Tliroiiph  the  spiiml  cord        .         ,        .         .10  metri-s  per  second. 


A  comparison  of  observations  on  the  two  opposite  sides  of  the  body] 
gave  a  diff'ercnec  in   the  rate  of  tranamisBioii,  for  the  right  ami   left 
lateral   halves  of  the  spinal  cord,  of  from   1   to  3  metres  ])CT  sccouii, 
always  in  favor  of  the  left;  side. 

The  trausmlssioii  of  ^entiitwe  impreititwns  through  the  spinal  cord, 
on  the  other  hand,  was  found  to  be  nearly  as   rapiil  as  through  the 
nerves,  the  average  rate  being  a  little  over  42  metres  per  second,     A'< 
remnrkable  dilfcrcnce,  however,  appeared  in  the  triinsmission  of  simpU 
taelile  impressions  and  of  those  which  were  painful  in  character.     Tb0| 
former  are  eumparatively  rapid,  as  above  slated,  while  painful  iin|>rea 
Bioiis  are  comniiniieated  through  the  spinal  cord  at  a  much  slower  rate, 
amounting  on   the  average  to  not  more  thnn   Ki   metres   per  second. 
Thus  the  transmission   of  motor  impulses  and  of  tactile  and  painful 
ioipressious  respectively,  throui^h  the  spinal  cord,  is  as  follows : 

RaTK  of  TBA^H»tl88ION  THKOUQH  THB  SpiNA^  CoKO. 

For  tactile  imitressions  .        .  .42  melres  per  second. 

"    paiiifiil  " 13      '• 

•'    motor  irtipulses        ...  .     10      " 

According  to  these  rcsidts  the  passage  of  a  motor  impulse,  from  the 
brain  to  the  muscles  of  the  foot,  would  occupy  0.088  of  a  Bccon<l ;  of 
which  time  about  one-half  would   lie  requircil  for  tninsmissiiMi  tbroujjhi 
the  spinnl  cord,  and  one-half  for  transmission  through  the  fibres  of  lliej 
Buintic  nerve. 

liapiditf/  of  NrrrouH  Action  in  (he  Braiv. — In  nil  the  exporimcnti»] 
detailed  nbove,  rin  essential  part  of  the  nervou,s  operation  consist."*  iir 
the  hearing  of  the  signal  for  a  volunlnry  movement  and  in  the  act  of  I 
volition  wbicli  sets  in  motvon  the  vfdnntorv  impulse.  This  process,] 
which  takes  place  in  the  brain,  includes  both  the  action  of  the  gray  | 
Biib>it.ance  of  the  nervous  centres  :ind  its  transmission  by  the  nerv« 
fibres  of  the  white  substance  to  the  oriijin  of  the  spinal  cord.  The  tinu* 
lima  consumed  is  ascertained  by  deducting,  from  the  whole  peritMl 
intervening  between  the  signal  given  and  the  contraction  of  the  muscle,j 
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first,  the  time  requisite  foi-  Ihc  mechanism  of  muscular  contraction, 
nnmcly,  O.Ui",  an<l,  secondly,  ILat  occupied  iu  tlie  traii.smi»i^siun  of  llic 
impulse  througli  the  epiiuU  coni  anti  uerves.  Thus  if  tlie  entire  period 
I  e  0.220",  ami  the  time  requirtHl  for  transmission  through  the  spinaJ 
cord  ond  nerves  he  0.088",  tiiere  remains  0.132",  which  is  occupial  iu 
ntuseular  contraction  nnd  in  the  nets  of  sensntion  nnd  volition.  iJurck- 
hardt's  experiments,  tike  those  of  Ilelmholtz,  fix  the  time  required  for 
local  f>tiundati<in  of  the  muscle  nl  0.01";  und  he  estimates  that  aliout 
an  equ.'d  intervnJ  ia  necessary  for  the  mechanism  of  hearing  in  the 
external,  middle,  and  internal  parts  of  the  ear.  The  whole  process, 
therefore,  of  executing  a  voluntary-  movement  in  the  foot,  at  the  signal 
given  by  a  bell,  woidd  be  divided  iu  lime  as  follows: 

TlMK  OCCCPIBD  IN  EXECUTIN'Q  A  VoLCNTABT  MoVEME.VT  AT  A  GirBK  BIQMAU 

Mechanism  of  hcariiig  .......  O.OIO" 

Acts  of  perception  and  volition  in  the  brain         .         .        .  0.112" 

Tronsmissiiiii  tlirnugh  the  Riiiiiul  cord 0.044" 

Transmissiao  (lirougrli  die  KJalic  nervo         ....  0.044" 

Jlechauiiim  of  muscular  contraction 0.010" 

0.220" 

It  appears  that  the  neiTous  action  in  the  brain,  which  represents  the 
operation  of  the  gray  substance  of  the  netvous  centres,  requires  a  con- 
siderably longer  time  than  the  tratisniissiou  of  a  nervoua  impulse  through 
the  nerve  fibres. 

The  physiological  variation  in  rnpidity  of  any  or  nil  the  nervous 
actions  alxne  enumerated,  in  dtlR'reut  individu:ds,  caused  a  dilferencc 
in  the  promptitude  with  which  iseusilile  phenomena  are  perceived  and 
recordetl  by  diilerent  observers.  This  fact  was  first  distinctly  noticed 
in  astronomical  oliservations,  where  it  was  found  that  the  exact  time 
of  the  pttssnge  of  a  star  across  the  thread  of  a  transit  instrument  was 
differently  recorded  by  ditl'orent  observers;  this  variation  In  some  cases 
amounting  to  as  much  as  one  second.  Subsequent  observations  showed 
tlj.'vt  in  no  case  was  the  time  of  the  transit  recorded  with  absolute 
accuracy  ;  but  that  a  certain  delay  always  intervened,  due  to  the  time 
necessarily  oceupied  by  the  nervous  mechanism  of  the  observer.  This 
fact  was  established  by  imitating  the  transit  of  a  star  by  means  of  a 
single  liiminrms  j)oint  moving  in  a  circle  with  uniform  velocity  before 
the  field  of  a  telescope.  IJy  contrivances  similar  to  those  de8cribe<l 
nbove,  tlie  real  instant  of  the  passage  of  this  luminous  point  across  the 
thread  of  the  telesco|K'  field  was  recorded  upon  a  revolving  cylinder, 
and  the  obserAer  also  marked  its  passage  by  similar  me.ins.  The 
ditterence  between  the  rejd  and  the  observe<l  time  represented  the 
"personal  error''  of  the  observer.  The  amount  of  this  error,  however, 
altliough  it^'nries  for  diOerent  i>ersons,  is  constant,  or  nearly  so,  for  the 
same  in<lividunl  ;  and,  when  it  hns  been  once  ascertained,  the  results  of 
observation  ni:iy  be  so  corrected  as  to  approach  nearly  to  absolute 
precision. 


CHAPTER  III. 

GENERAL  ARRANGEMENT    OP   THE  VARIOUS 
PARTS   OF   THE   NERVOUS   SYSTEM. 


In  man  and  the  vcrtfttrate  animals  the  nervous  system  may  boiViviiledj 
inio  two  ecconflury  systems,  ar  groups  of  nen'oiis  centres  with  llioiri 
conimissumt  flhres  an<l  nerves.  These  are,  first,  the  ganglionic  or  ^ytO'i 
pathetic,  ntul  seeomlly,  the  cerobro-spinnl  s3-stem. 

Ganglion ir    Syisttnn — The    ganglionic  or  "^ym|>athetic"   S3-steTn 
cupies  mainly  the  great  ea%-iliis  of  the  body.     It  is  connected  by  it 
nervous  braiir'hes  and  raniificatioirs  with  the  intenial  organs  conccitic 
ill  the  fuuetioiis  of  imtritiun,  and  nutre  espioialiy  with  the  heart  aii4| 
bloodvessels,  which  it  follows  tbniughout  their  peri])hcral  distriliutititt,( 
Ita  especial  auatumical  ehaructercontiists  in  its  being  composetl  of  nuiuei 
ous  8e|)arate   mnsscs  or  collections  of  gray  matter,  of  Bmull  size  ni«! 
roiinik'd  form,  failed  "ganLrlia;''  frnm   which  circuniHtanee  the  who)( 
ganglionic  bystem  takes  its  name.     Thene  ganglia,  connected  with  eacl 
other  by  slender  nervons  Clanienls,  fonn  a  double  chain  of  distinct  hi 
asrsoeiuted    nervous   centres,  pituatcd    in    front  of  the   spinal    colut 
throughout  tlic  n<'ck  and  thorax;  while  in  Ihc  abflomen  they  are 
certain  points  lused  togetliei:  into  larger  niid  more  irregularly  shapr 
masses  upon  the  nicdion  line.     'Jhere  me  also  scatterid  ganglia  alwiil 
the  head,  outside  the  cranial  cavity ;   and  everywhere  the  ganglia  ai 
their  nerves  receive  some  filire.s  (if  cpnimxitiieatifjn   frcmi   tlie  other  divl 
sion   of  the  nervous  Kystem.     The  scutlered  arrangement  of  llie  syi 
pathetic   ganglia,   and    their  deep  situation  among   the   thoraeic   and 
abdominal  organs,  have  hitherto  jireveutetl  a  complete  investigation  of 
their  functions;  and  it  is  doubtful   how  far  any  one  portion  exercises 
central  or  controlling  influence  over  the  vcmaiudcr. 

Cenbro-Spiiiat  Syslent. — The  cercbro-spinal  system,  as  ita  name  indi'? 
Gates,  is  made  up  of  the  brain  and  spinal  cord  as  the  great  nenrous  ocn 
tres,  with  the  nen-es  which  originate  from  tlicm  an<l  wliich  are  distrihutet 
to  the  voluntary  niusclcs  nnd  iuteguim'ul,  the  oiiians  of  special  sentK'J 
and  the  commencement  and  termination  of  the  internal   passages  of 
the  botly.     It  is  espwiially  distinguished  by  the  fact  that  its  deposits  on 
gray  substance,  instead  of  being  distribute*!  in  separate  noilules  as  ill 
the  ganglionic  system,  are  coUcctvil  into  two  principal  ountinnous  mas8e9|l 
the  brain  ami  the  spinal  coni,  occupying  the  cranial  and  spinal  cavities 
where  they  ai'e  envelopcfl  and  connected  Uy  tracts  of  white  suUstaaut 
which  otlen  conceal  in  an  external  view  the  divisions  between  them. 

The  cerebro-spinul  nervous  system  i^  also  distinguished  by  a  ncarlj 
(  432  ) 
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complete  Bj-mmt'try  of  arrangement.  The  internal  abdominal  organs 
are  in  great  measuix-  unsyraiiR'trical,  and  the  corresponding  nervi-s  niul 
nervous  centres  of  tlic  ganglionic  system  present  Ihe  same  want  of 
regularity  in  their  locality  :unl  ilistributiun.  But  while  the  ganglionic 
system  presides  over  the  iutLTiial  organs  and 
functions  of  nutrition,  the  ccrubro-spiual  sys- 
tem, on  the  other  band,  is  connected  with  ibe 
apparatus  of  animal  life,  namely,  the  organs 
of  sensation  anil  movement  by  which  the 
living  body  is  lirougbt  into  relation  with  the 
iVxterior.  As  these  nrguiis,  in  man  and  the 
rertebrate  animals,  are  symmetrically  ar- 
ranged, tlie  cerebnj-spinal  nervous  system 
j)re»eut3  the  same  character.  Doth  the  brain 
and  the  spinal  cord  arc  composed  of  two, 
right  !inr|  kfl,  lateral  halves  ;  each  one  of 
which  furnishes  the  nerves  of  sensation  ami 
motion  to  the  corresponding  Bides  of  the 
body. 

Another  striking  peculiarity  of  this  part 

of  the  nervous  system  is  the  mutual  dacuK- 

aation   of  the  nerve  fibres  belonging  to  its 

two  sides.     Both  the  brain  and  spinal  cord 

have  their  right  and  left  halves  connected 

by  fibres  whicli  pass  across  the  meilian  line 

from  one  to  tlie  other;  the  dilferent  bumJles 

l)eing  often  interwoven  with  each  otlier,  at 

the  jKiinl  of  transit,  In  a  somewhat  com|)ii- 

cated  manner.     This  peculiarity  extends  to 

the  origins  of  the  nerves,  which  decussate 

with  each  other  internally  ;  so  that  the  nerve 

fibres  emerging  froin  I  lie  right  side  of  the 

cercbro-spimd    nia^ss  have  their  origin  from 

the  gray  subs^tanee  of  tlic  left  lateral  half. 

and  those  emerging  from  the  left  side  origi- 
nate from  the  gray  substance  of  the  right 

lateral  Imlf.     The  only  nncertaiuty  in  this 

respect  is  whether  the  decussation  be  com- 
plete  or   partial;   that   is,  whether  all  the 

fibres  of  a  given  nerve  root  !«  connectetl 

with  the  opt>osite  8i<le  of  the  central  mass,  or 

whether  a  part  of  them  originate  from  the 

same  and  a  part  from  the  opposite  side.     The  decussating  fibres,  in  a 

large  numlier  of  Instances,  are  anatomically  <lemonstrated.     In  some 

remaining  excei)tion9  their  course  is  more  or  less  a  matter  of  dotdji. 
Tfie  Spinnl  Cord  is  a  neariy  cylindrical  nervous  mass,  Inclosed  in  the 

cavity  of  the  si^inal  canal,  commencing  by  a  slightly  enlarged  extremity 
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at  the  lirain  a')ovc,  and  ternjinating  bdow  in  n  conical  point  at  the  !e 
of  tlitj  first  lumbar  VLMtflna.  lU  inner  portions  are  ueciipicd  by  gni/ 
substntice,  niuch  forms  a  continuous  cbaiu  of  gangiiooic  matter,  run- 
ning Irooi  one  extrcniity  of  tliu  conl  to  the  other.  Its  outer  portiona 
aro  composed  of  white  substance,  tlje  fibres  of  uliich  run  mainly  m  » 
loiigitndiiiinl  direction,  couneeling  its  dilTercnt  parts  with  each  oUieTf, 
and  forming  a  communication  between  it  siud  the  brain. 

The  spinid  nerves  are  given  oil'  from  t!ie  cord  at  regular  intcrvsia 
niid  in  syiuuietricul  pairs;  one  pnir  for  each  suecossivc  portion  of  tlw 
lioily,  tlu'ir  braaiches  bfiiig  distributed  to  the  integument  and  musolos 
of  the  corresponding  regions.     Jn  fish  and  serpents^  where  locoraotion 
is  performed  by  means  of  simple,  alternating,  lateral  movements  of  tlw; 
spiiinl  eoliimn,  tlie  eonl  is   nearly  or  quite  uniform  in  size,  or  tapers 
gra<lti:dly  from  its  unteiior  to  its  posterior  extremity.     But  in  the  other 
vertebrate  classes,  where  the  body  is  provided  with  special  organs  of 
locomotion  as  f<»re  and  bind  limbs,  or  wings  and  legs,  the  coixi  ia  ii 
creased  in  size  where  the  nerves  of  these  orgnns  are  given  off;  and  llie 
nerves   Bn])plying   the   limbs    are   larger  tbnn    those    which    original* 
from    other  parts  of  tlie  cord.      In  man,  the  lower  cervical   nervci 
which  form  the  brachial  plexus  and  Kupidy  the  ai-msj  and  tlie  sacri 
nerves  forming  the  sacral  [dexus,  which  supjilies  the  legs,  are  largei 
than  those  given  off  in  the  upper  cervical,  dor>al,  and  lumbar  regions. 
The  cord  itself,  J'ltrthcrmore,  presents  two  marked  enlargements  cor- 
responding with  the  points  of  origin  of  these  nerves,  namely,  the  cervio 
enlargejufiif^  which  is  the  source  of  the  nerves  for  tlie  upper  extremity, 
and  the  lumhar  enlarfjcmfnly  which  gives  off  the  nerves  destine*!  for  the 
lower  extremity. 

A  transverse  section  of  the  spinal  cord  shows  that  it  is  incompletcU* 
divided  into  right  and  left  later.i!  halves  by  au  anterior  and  posterior 

median    fissure;    of  whicli    the 
^^'  anterior  is  the  wider  and  pem- 

trates  for  a  comparatively  short 
distance,  while  the  posterior  is 
narrower  but  extends  inward 
nearly  or  quite  to  the  centre  of 
the  coni.  The  gra^'  substanit* 
in  the  interior  of  the  conl  fomi« 
adoiddecicscentic-siiaped  mas-, 
with  the  concavities  of  the 
crescents  turned  outward.  As 
tliese  masses  are  found  at  all 
p;H'ts  of  the  cord,  they  have  in 
reality  the  form  of  elongated 
ribbons  or  bands  of  gray  b»1>- 
stancc,  one  on  each  side 
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as  the  "gray  commissiiro,"  in  the  cfiitiu  of  wli'n-li  is  a  narrotr  longi- 
tmlinsil  canal,  the  "■  Cfiitral  tiuiiil,"  hut  lilllu  over  0.2  mil li metre  in  tli- 
auieler,  ami  liiicU  iiiteniitUy  with  epitheliuui. 

Tbtj  auterior  ami  jiostfriur  poitious  of  gray  substance,  in  eacli  lateriil 
half  of  till!  cunl,  arc  callod  tho  aiitcriur  and  pohtfriur  Iiorns.  luiriie- 
dialely  in  fruiit  of  the  gray  commissure  is  a  tiaubverse  hand  of  wLile 
Bubstance,  the  "  white  commissure"  of  the  cord. 

Tiic  8j»inal  nerves  originate  from  the  cord  on  each  aide  by  two  dis- 
tinct sets  of  fibres,  forming  the  anterior  and  jtostfriur  roots.  The 
•interior  root  (Tig.  143,  d)  passes  out  from  the  surface  of  the  cord  near 
the  extremity  of  the  anterior  horn  of  gray  matter.  The  posterior  root 
(e)  originates  at  a  poiul  corresponding  with  the  posterior  Ijora  of  graj* 
matter.  lioLh  roots  are  composed  of  a  t-onsitleraUle  number  of  fibres, 
_nnite<i  with  fach  otlier  in  purallol  bundles.  The  posterior  root  is  di»- 
(nguisheA  fronk  the  anterior  by  the  presence  of  a  snudl  roumled  mass 
>f  gray  matter,  nr  ganglion,  with  which  it  is  iucorporate<l  aiul  ihroiigh 
which  its  libn-s  pass.  The  two  roots  unite  with  each  other  sooii  after 
leaving  the  cavity  of  the  spinal  ctuial,  and  mingle  their  fibres  in  a  commou 
trunk. 

The  white  substance  of  each  Literal  half  of  the  spinal  cord  is  thns 
divideil  into  three  portions  or  "columns  ;''  so  calletl  bccaubc  the  nerve 
fibres  cuuipudng  them  run,  for  the  most  jntrt,  ]Kiralkl  with  each  other, 
in  a  longiLu<linal  or  vertical  direction.  The  portion  which  is  included 
between  the  anterior  median  fissure  and  the  origin  of  the  anterior  nerve 
roots  is  ibii  anterior  column  ;  that  between  the  anterior  and  po&terior 
nerve  roots  is  the  lateral  column;  while  that  between  the  posterior 
nerve  roots  nn«l  the  posterior  median  lissure  is  the  jjoslerior  column. 
As  the  posterior  mcilian  fissure  {jcnetrates  deeply  into  tlie  substance  of 
the  cord,  quite  ilown  to  the  gray  substance,  llie  posterior  columns  a\t- 
pear  entirely  si'parated  fit>iu  each  oLher  in  a  transverse  section  ;  but  the 
anterior  median  lissure  is  more  shallow  and  8tO[>3  short  of  the  gray 
matter,  so  that  the  anterior  columns  are  connected  with  each  other  by 
the  white  commissure  above  mentione<l. 

The  iraiu,  or  "encephidon,"  is  thnt  portion  of  tho  ccrebro-spiual 
system  contiiinetl  in  the  cranial  cavity.  It  forms  a  more  or  less 
rounde<l  mass  of  nervous  matter,  consisting,  as  in  the  spinal  cord,  of 
right  and  left  lateral  halves  whieh  remain  connected  with  each  other  by 
their  central  ]mrts.  in  lunn  and  the  higher  vertebrate  animals,  it  pre- 
snts,  above  and  behind,  two  principal  divisions,  namely,  tho  cerebrum 
id  cerebellum,  which  are  cora|>osed  externally  of  a  convoluted  layer  of 
gray  substance,  these  two  division."*  together  forming  at  least  ninetcen- 
twentieths  of  the  whole  cncephalon ;  while  beneath  them  is  n  smaller 
jiortion  eomposeil  externally  of  white  substance,  like  the  spinal  cord,  and 
f»>rraing  the  communication  between  the  cord  below  and  the  brain  above. 
Tliis  inferior  portion  is  called  the  "  isthmus,"  and  comprehends  the 
medulla  oblongata,  the  tuber  annulare,  and  the  petluncles  of  the  cere- 
rum.     Beside,  however,  the  portion  visible  externally,  there   are.  In 
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each  of  these  divisions,  varioua  deep-seated  deposits  of  graj'  substance, 
wUicli  nru  concenU-d  by  tlie  0VC1I3  iiiir  parts. 

The  coustructiuu  uf  the  brain,  as  a  whuk',  may  therefore  be  represcMiled 
by  conslrlering  it  as  a  double  series  of  nervous  centres  or  dej^sits  of 
giay  substaiifc,  of  varying  size  and  jjosition,  conneeled  with  each  other 
Btid  ivith  tliC  fejjHud  coj'd  by  trausverse  and  longiUuUual  tracts  of  white 
substance.  Tlie  number  and  rtlativG  ini|>ortaDce  of  these  iiervoua 
centres,  in  difreiont  kinds  of  aniiuals,  depend  upon  the  perfection  of  ti>e 
boflily  organization  in  general,  and  more  especially  upon  the  develop* 
inent  of  the  functions  and  eaiiaeities  connetted  with  particular  i>arts  «.f 
the  nervous  system.  In  the  inferior  classes,  as  fish  ami  reptiles,  the 
brain  is  more  simple  in  its  anatomical  characters;  while  it  bccotoes  suc- 
cessively more  couipHcated  in  birds,  quadniiK-ds,  and  lunn. 

In  fish  ami  rfptiha  the  dillerent  nervous  eenlres  of  the  brain  are  so 
distinctly  separated,  and  of  such  moderate  size,  that  they  are  freiiueiitl;^ 
dPHignated  as  "ganglia.''  ]n  Ihu  brain  of  tUe  alligator  (I'ig.  149)  there 
are  live  pairs  of  these  ganglia,  arranged  one  bcliiud  the  other  in  the 
cavity  of  the  craniuni.     The  first  of  these  are  two  rounded  masses  ( , ), 

lying  just  nhove  and  behind  the  nasal  cavi- 
ties, which  distribute  their  nerves  upon  the 
olfactory  inenabranc.  These  are  the  olfac- 
tory (jaiifjUa,  They  are  cunncrted  with  the 
rest  of  the  brain  by  two  long  and  slender 
commissures,  the  "  olfactory  commissures." 
The  next  pair(,)  nre  somewhat  larger  and 
of  a  tiiangiihir  sliape,  when  viewol  from 
above  downwanl.  Tlicy  are  termed  the 
*'  hemispherical  ganglia,"  or  Xhehfmixphertt^ 
and  corresjiond  to  the  *' cerebrum''  in  the 
higher  classes.  Immediately  following  them 
are  two  quadrnnguhir  masses  (,)  which  pive 
origin  to  the  optic  nerves,  and  are  therefore 
called  the  oplic  gavrjlia.  They  nre  termed 
also  the  "optic  tuV»ereles;"  and  in  some  of 
I  he  higher  animals,  where  they  present  an 
imperfect  division  into  four  nearly  equal 
parts,  they  are  known  as  the  ''tubcrcnla 
quadrigemina"  TJehiml  them  i'*  a  single  tr- 
fttigular  calleetion  of  nervous  matter  ( ,),  tl.2 
rereheUum.  Finally,  the  npper  portion  of  the  cord,  jiisL  behind  and 
beneath  the  cerebellum,  is  seen  to  be  enlargwl  and  spread  out  latemlly, 
80  as  to  form  a  broad  oblong  ma8a(j),  the  nifdtiUa  ohloitgaia.  It  ia 
from  this  latter  (lortion  of  the  brain  that  the  pnenmogastric  or  reapirar 
tory  nerves  originate,  and  its  ganglia  are  therefore  sometimea  termed 
the  "  pneiimogastric"  or  "  res|iiratory"  ganglia. 

It  will  be  seen  that  llie  posterior  columns  of  the  conl,a8  they  diverge 
laterally,  to  form   the  medulla  oblongata,  leave  between  them  an  open 


iiUAia  ojr  Al^Lltt  ATOB.— 
1.  Olfxetorf  gKnitl))!.  3.  Ileml- 
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gatA. 


THE    NERVOUS    SYSTEM. 


487 


lf.O. 


BiiAi?!  OF  PtoRoat  — Profile  tIpw.— 
1.  C.'crcbruni.  2.  DpUo  tutterclc.  3,  Ce- 
rebellum, i.  Optle  nenre.  6.  SledullA 
obloDgata. 


space,  whicn  is  continuous  with  the  posterior  median  fissure  of  the 
cord.  This  space  is  known  as  the  "  fourth  ventricle.''  It  is  partiidly 
covered  in  by  the  liaokwanJ  [irojectioti  of  tlic  cerfbdhnn,  but  in  tbe 
albgator  is  still  somewhat  open  posteriorly,  presenting  a,  kind  of  chasm 
or  gap  l»etween  the  two  lateral  halves  of  the  ineiliilla  oblongata. 

The  successive  ganglia  wliieh  compose  the  brain,  l»iing  arranged  in 
pairs  as  above  described,  arc  separated  from  each  other  on  the  two 
sides  by  a  ]on<:itudiDal  median  fissure,  which  is  continuous  with  the 
posterior  median  fissure  of  the  Bpinal  cord.  In  the  brain  of  the  alligator 
this  Bssurc  appears  to  be  interrupted  at  the  cerebellum ;  but  this  is  due 
to  the  incomplete  devolupniciit  of  the 
lateral  portions  of  this  organ,  as  com- 
pare<l  with  its  middle.  The  same  pe- 
culiarity is  to  be  seen  in  birds  and  ia 
most  qundruixjds ;  while  in  man  the 
lateral  portions  of  the  cerebellum  are 
80  highly  developed  as  to  project,  on 
each  side,  above  the  level  of  its  central 
part,  and  the  l')ngitudinal  median  fis- 
sure, accordingly,  appears  complete 
tliroughout. 

In  Otrdti  the  hemispheres,  or  cere- 
brum, are  of  comparatively  larger  size,  and  partially  or  completely  con- 
ceal the  optic  tubercles  in  a  view  taken  from  above.  The  cerebellum  is 
well  developed  in  this  class,  and  presents  on  its  surface  a  number  of 
transverse  foldings  or  convolutions 
by  whi<-h  its  gray  substance  is  con- 
siderably increased  iu  quantity.  The 
cerebellum  extends  ho  far  b:\okvvard  as 
to  completely  cover  the  medulla  ob- 
longata and  the  fourth  ventricle. 

in  quadrupeds  the  cerebrum  and 
the  cerebi'ltum  attain  a  still  greater 
size  as  comftared  with  the  remain- 
ing parts  oF  the  brain.  There  are 
also  two  other  coUectiona  of  gray 
substance  on  each  side,  situated  in  tlie 
inferior  part  of  the  bemi'^phcres,  ante- 
riorly to  the  tubercula  quadrigemitiM. 
These  are  the  ''corpora  striata"  in 
ftont,  and  the  "  optic  thalarai"  behind. 
These  bodies  are  frequently  «lesignated 
by  the  name  of  the  "  cerebral  gan- 
glia,"  since  they   are   collections    of      ,.'**'^',''  °'  «*"»'t,  viewed  from 

gray    matter   which    occupy   the   lower      iiiberet  of   the  cerebrum,  tumeU  B«lil«. 

and  central  parts  of  the  cerebrum,  and     '  i'T"'\  "''"",".    * .  '■"''"-  '^^"'".^J 
intervene  between  the  tracts  of  white     lua. 
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substance,  coming  up  fiom  hrlow,  niul  tliose  which  continoe  upward  to 
lite  eunvolutioiiH  oT  the  hemispheres.  The  cerebellum,  in  the  quadm- 
jietls,  is  somewhat  iiilarged  liy  lUe  increased  development  of  in  latvml 
{Mutions,  and  shows  an  nlnnidanci!  of  transverse  convolutions.  It  con- 
eettls  iVura  view  the  Iburlh  ventricle  and  the  greater  part  of  ihe  mcdulb 
uhlongata. 

In  the  more  highly  develofed  quadrupeds,  tlie  cerebral  hemispheres 
iiarease  in  size  so  as  to  cover  more  or  less  completely  the  olfactory 
ganglia  in  front  and  the  cerebellum  behind.  Their  surface  also  tx^comcs 
covered  with  numerous  convohiliuns,  which  are  mainly  longitudinal  or 
curvilinear  in  direction,  instead  of  being  transverse  as  in  the  cerc- 
belkim. 

la  Man  the  development  of  the  cerelral  hemispheres  reaches  Hs 
highest  point,  so  that  tlicj  prep)omk'rat6  coujplctely  over  nil  the  other 
nervous  centres  in  the  cranial  cavity.  In  t!ie  human  brain,  acconl- 
ingly,  when  viewed  from  above,  there  is  nothing  to  be  eeen  but  the 
convex  convoluted  surface  of  the  hemtspherea;  and  even  in  a  posterior 
view  they  conceai  everything  but  a  poition  of  the  cerelKdlura.  The 
remaining  parts,  which  are  concealed  by  the  cerebrum  and  cerebellnm, 
particii>ate,  however,  in  the  structure  of  the  entire  encephalon,  aiid 
form,  fis  in  Ihe  lower  animals,  a  fieriea  of  associated  nervous  centres  and 
connecting  tracts  i>f  nerve  Gbres. 

As  the  spinal  cord  passes  upward  into  the  cranial  cavity,  it  enlarpcs, 
hy  a  kind  of  lateral  exp;msion,  to  form  the  medulla  oblongata.  This 
portion  of  the  cerebro-spinal  axis  is  diMtinguiflhe^l  from  the  coni  below, 
not  only  by  its  external  form,  but  also  by  the  somewhat  different 
arrangement  of  its  gray  and  white  Bdbslanee.  The  gray  substance, 
whieh  in  the  cord  presents  on  each  side,  in  front  and  rear,  the  pro- 
jections of  the  anterior  and  posterior  bonis,  recedes,  in  the  medulla 
ohlougata,  more  and  more  in  a  backwanl  direction,  and  becomes  aecu- 
niulated  in  a  nearly  ain/jlo  ma»»s  at  its  posterior  surface.  At  the  same 
lime,  tlie  ninsses  of  white  substance  on  each  side  of  the  postcnor  inedinn 
lissure,  which  in  the  card  are  eallLfl  the  "posterior  columns,"  diverge 
from  e.ich  other  nt  an  acute  angle,  leaving  between  them  the  space  of 
the  fourth  ventricle,  and  assume  the  name  of  the  rexliform  hodir'n. 
They  become  cmitinuous  with  the  inferior  peduncles  of  the  cerebellum, 
and  send  some  of  tliiir  fiUreH,  in  a  radiating  direitinn,  into  the  white 
Htibfltance  of  the  cerebellum,  to  terminate  in  the  gray  subsLincc  of  its 
convolutions.  The  floor  of  the  fourth  ventricle,  thus  exposed  by  the 
divergenee  of  the  posterior  columns,  is  formiit  by  the  gray  substance 
of  the  medulla  oUlonjata,  which  is  acconlingly  continuous  with  that  of 
the  cord,  although  it  has  a  different  position  and  a  different  form. 

Viewed  in  front,  the  medulhi  tiblongata  presents  two  longitudinal 
eminences  of  white  substtiuce,  one  on  each  side  nf  the  median  line,  the 
anterior  piframids,  wliich  take  the  place  of  the  anterior  columns  of  the 
cord.  At  their  conimencemcnl  below,  the  flnterior  pyramids  are  narrow, 
hut  grow  wilier  r.s  they  ancend.     At  their  lower  portion  they  exhibit  a 
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remarkable  decussation,  easily  Been  by  gently  separating  the  sides  of 
Vhe  nntorior  racHliun  fissure,  Ibrmeil  by  dbtiitct  biinJles  ol  white  sub- 
stance crossing  the  mctliaii  line  oljliqunly,  from  bt'low  upward  and  from 
side  to  aide.  Thus  the  riyht  anterior  itymniid  is  formed  ot  fibres  which 
come  from  the  left  side  td"  tin-  cord,  uiid  the  left  aiitenoi  pyrjunid  of 
those  which  cuuie  from  the  riglit  side  of  the  cord. 


Fig  l.Vi. 


V^ 
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MinvirtA    Ohlohoata   AVO    Ua«>   or    tmb    Braim    iir    Mah— Antenor    ri«w.— 
^        1    nccunAtlnn  t>r  thp  ot'^le  norrei     3,2,  Middle  lobr*  of  the  oprehrum.    ft,  a  Orura  cerebri. 
t    Tuber  unnulnrr.    6,6.  Lnternl  lobca  of  the  cerebellum.    &,  Anterior  pyramid,    t.  Ollvury 
i        ItoHy.    tw  Reitirorm  boUjr.    (Hlrtohfeld.) 

Immediately  outside  of  thi*  pynnnids,  in  a  Interal  direction.  Are  two 
elongated  oval  masses,  the  uiiiynry  hndie«^  whieiv  consist  externally  of 
wlijtc  fiulistjTiK'e,  but  internally  c^mtain  encli  a  distinct  tliin  cnnvotuted 
layer  of  gray  substance,  resembling  in  miniature  the  convolutions  of  the 
cerebrnm.  The  olivary  bodies  are.  therefore,  special  deposits  of  gray 
substance  in  the  interior  portion  of  the  mednll.ii  oblongata,  superadded 
to  the  rest  and  not  continuous  with  ttmt  ot  the  spinal  cord. 

At  the  upper  limit  of  tiu*  raediilla  olilongata  is  the  tuber  annulare^  so 
called  because  it  forms  a  rin^-like  protuberance  at  this  part  ot  the  b.ise 
ol  the  brain.  Sniierficially,  when  vit'we<i  in  front,  it  consists  of  trans- 
v«*rse  btindlcB  of  winte  stibstanoe,  eonhiining  fibres  passing  over,  in  an 
arched  form,  from  one  side  of  the  cerebeltura  to  the  oti»er,  and  decus- 
sating with  each  other  at  the  median  line.  Where  they  cross  the  tuber  annu- 
lare these  fibres  constitute  the  "pons  Varolii ;"  at  the  two  sides,  wh«'re 
they  pass  backward  to  the  cerebellum,  they  form  the '^middle  jMiduiicle* 
of  the  cerebellum.*' 
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In  its  deei>er  parts,  the  tuber  annulare  contains  longitmlinal  trncta  of 
w-bitc  substimcf,  passing  iiinvanl  IVorii  tLe-  niL-ilulla  oblongata  towartl 
the  cerebrum-  The  continiiatiou  of  the  anterior  pyramids  in  front,  and 
the  remainder  of  the  longitudinal  biindjes  of  the  meduHa  oblongata 
behind,  pass  into  and  thr<>uj,'h  the  substance  of  the  tuber  annulare,  where 
they  are  mingletl  with  au  irregular  dillused  (deposit  of  gray  substance. 

From  the  upper  border  of  the  tuber  anna- 
'^'  lare,  the  longitudinal  tracts  of  white  sul)- 

stnnce  emerge  in  the  form  of  two  thick, 
obliquely  diverging,  bundles  of  nerve  fibres, 
thii  crura  cerebri^  or  peduncles  of  the  brain. 
They  are  joined  posteriorly  by  other  longi- 
tudinal bundlus  coming  from  the  cerebellum, 
known  as  the  **  anterior  pcirluncles  uf  the 
cerelK'lhun,"  wliich  are  the  organs  of  com- 
munication between  the  cerebellum  and  liie 
eerebriim.  The  filircs  of  the  crura  cerebri, 
thua  constituted,  then  jilunge  into  the  sub- 
stance of  the  two  collections  of  gra}-  matter 
known  as  the  "cerebral  ganglia,"  namely, 
the  corpora  striata  and  optic  thalarai;  thus 
niiiking  a  eonni-etion  between  these  ganglia 
and  the  medulla  oblongata  and  spinal  cord 
below. 

Finally,  from  the  outer  and  upper  por- 
tions of  the  cerehrnl  ganglia,  the  nerve  fibres 
of  the  white  substance  radiate  in  all  direc- 
tions, following  a  more  or  less  curvilinear 


MBDDLI.A  OnLOROATA, 

Tther      Akwi'labk,     and 

UnraA   Ckrkdri.— The  lujipr- 

fiein!  HDii  deep  triin«Tcrne  flbre«    course  from  w  itliin  outward,  until  they  reach 

of  th.  Jubt-r  i.nnuiBr«  h»ve  been     ^1,^  g^ay  Bubst:uice  of  the  convolutions  Bl. 

the  surface  of  tlie  hennspheres.  The  cere- 
bral convolntiotis  of  the  two  sides  are  also 


cut  Rwny,  BhoM-Ini;  the  rontlnuii- 
tlon  of  the  ioni^ituilinnl  fibre*  In 
Ita  Interior.  1.  rrcritiiintinnnr  the 
optic  nerves.  2.  Crus  cerebri.  8. 
Lnternl  portion  of  the  pons  Vn- 
rolll.  4  Anterior  pyrsmlrl.  6,  Oil- 
vnry  body.     (UirschreJil.} 


united  by  the  transverse  fibres  of  the  cor- 
pus callostim. 
The  entire  brain  may,  therefore,  be  con- 
sidered as  a  symraetrical  series  of  nervous  centres  connected  with  each 
other  an<l  witii  tlie  Bpinal  cord  by  longitutlinal  tracts  of  white  substance. 
They  oeeui'  in  the  ff*llowing  order:  1.  The  olfactory  lobes,  of  small  size 
and  concealed  beneath  the  anterior  portion  of  the  brain  ;  2.  The  cerebral 
hemispheres,  surrounding  and  covering  the  remaining  parts  by  their 
lateral  and  posterior  extension;  3.  The  corpora  striata,  4.  The  optic 
tlialami,  anrt  5.  The  tuberciil.'i  qaadrigemina,  oeeupying  the  central  por- 
tion of  the  bnse  of  the  cerebrum,  and  resting  upon  G,  the  crura  cerebri; 
7.  The  tulier  annulare;  8.  The  cerebellum,  and  9.  The  medulla  oblon- 
gata. Of  the  collections  of  gray  substance  just  enumerated,  the  cere- 
brum and  cerebellum  only  are  convoluted  externally,  the  others  being 
either  smooth  and  rounded  or  irregular  in  form. 
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It  is  not  to  be  supposed  that  llie  nervous  cuiumunications  between 
the  successive  deposits  of  gray  mailer  are  necessarily  of  so  simple  a 
character  as  those  represfnt<>(i  iii  Fig,  154.  This  is  only  a  dlapram, 
repreHentiug  the  general  fact  of  the  longitudinal  connection  existing 

Fip-  1-^4. 


iaorjlvatic  Sbotiow  or  Htmah  Braiw}  »hiiwln)f  the  slruntlnn  of  the  nervoui 
ventres  «ntl  the  Inngitddlntl  trKot*  of  white  MuhitKnce.—l  Olfnolory  lolfc  S,a.  ConvoluMont 
of  the  cercbrnl  hrmlsphcrcs.  3.  Curpus  atrtAtum.  4.  Optic  thnUmus.  6.  TiilierculaquaOrl- 
emlQA.     8.  Orura  cerebri.     7.  Tub«r  nnaulsrc.     8-  Cerebellum.     0    Mcdull*  oblDngnta. 


between  the  spinal  cord  and  the  different  parts  of  the  enoephalon.  It 
^a  by  CO  means  certain  that  all  or  any  of  the  filtres  of  the  cord  run  con- 
[iiuously  through  the  medulla  oblongata,  tlie  tu^ier  annulare,  and  the 
'cerebral  ganglia,  to  the  gray  matter  of  the  convoluttona.  On  the  con- 
trary, careful  examinntiun  uf  HUfceasive  raierosrupic  sections  by  the  best 
observers  have  faileil  to  show  such  a  direct  continuity.  It  appears  more 
jrohable  that  tlie  fibreH  coming  from  the  epinal  cord  terminate  in  the 
nii'didla  oblongata,  and  that  other  fibres  originating  from  the  gray  matter 
of  tlie  naeibilla  pass  upward,  partly  to  the  cerebellum  an<l  |«irtty  to  the 
corjjora  striata  ami  optic  tliidami;  while  other  fibres  still,  originating 

K^om  these  ganglia,  diverge  thence  to  form  the  connection  between  them 
aid  the  cerebral  convolutions.  According  to  this  view,  the  longitudinal 
tacts  of  while  substance  consist  of  nerve  fibres  which  are  interrupted 
in  their  course  by  the  nerve  cells  of  different  deposits  of  gray  matter, 
so  that  an  impression  or  impulse  conveyed  from  one  to  the  other  is  not 
the  same  throughout  its  course,  but  is  modifieil  by  the  action  of  the 
nervous  centres  which  sucees'^ively  receive  and  transmit  it. 

Each  portion  of  the  cerebro-spinal  axis  has  its  riglit  and  left  halves 
connected  with  each  other  by  transverse  commissures,  and  sends  out 
nerves,  containing  motor  and  sensitive  fibres,  to  corresponding  regions 
of  the  l)otly.  ^'he  spinal  cord  mipplips  the  integument  and  muscles  of/ 
the  neck,  trunk,  and  extn'mities.  The  medulla  olilongata  sends  out 
jotor  «nd  sensitive  nerves  to  the  muscles  of  tlie  h^l  and  face,  and  to 
ie  skin  and  miieous  memliranea  of  the  same  region ;  while  it  also  sup- 
"^89  -  '^ 
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plies  nerves  of  a  special  character  to  the  mucous  and  muscular  coats  of 
tlie  pharynx,  oesophagus,  and  stomacii,  and  to  those  of  the  organs  of 
respiration  in  the  neck  and  thorax.     From  the  medulla  oblongata  and 
the  inferior  or  central  parts  of  the  brain,  are  also  supiilied  the  nerves^,- 
destined  for  the  organs  of  special  scnseTl 

In  every  region  of  the  cerebro-spinat  system,  the  two  functions  of 
sensibility  and  motion  are  associated  with  each  other  by  means  of  the 
gray  substance  of  the  nervous  centres.    In  the  spinal  cord  the  gray 
substance  is  continuous  and  of  nearly  the  same  configuration  through- 
ont.     Ill  the  different  parts  of  the  brain  it  presents  itself  under  the  form 
of  more  or  less  distinct  deposits,  of  varying  fonn  and  size.     In  either 
of  these  parts  a  reflex  action  may  take  place  independently  of  those 
beyond,  and  calling  into  operation  the  special  functions  of  tlie  nervous 
centre  involved.     But  a  nervous  action  may  also  pass  through  the  entire 
series,  by  the  longitudinal  connections  of  the  cord,  medulla  oblongata, 
tnlier  annulai'c,  and  cerebral  ganglia,  and  thence  through  the  radiating 
fibres  of  the  white  substance  to  the  corticjd  lay$r  of  the  cwebral  convo- 
lutions.   This  layer  may  be  regarded  as  a  sort  of  concave  mirror,  where  \ 
the  impressions  coming  from  without  are  finally  received  and  reflected,    1 
in  the  form  of  conscious  sensation  and  intelligent  voluntary  acts ;  the    I 
whole  nervous  mechanism  of  tlie  cerebro-spinal  system  being  thus  called  / 
into  operation  at  the  same  time. 


yniuscles  and  iulegunicnt  of  the  Inmk  and  limbs.  It  consists  exteninlly 
if  white  substance,  forming  loiigitHdiiiat  tracts  of  norve  fibres,  the  eun- 
tinuations  of  which  nwiko  connection  with  those  of  the  brain  above;  and 
intemully  of  gfny  substance  arrftnged  in  two  symraotrieal  bands  occupy- 
ing the  central  portions  of  its  right  and  left  lateral  lialves.  It  is  bo 
ponstitutoil,  therefore,  as  to  act  in  a  double  capacity:  First,  as  an  organ 
of  nervous  connntiiiication  between  the  brain  and  tlic  external  parts; 
and  secondly,  as  an  independent  nervous  centre,  with  endowments  sl&'I^ 
functions  of  its  own. 

Ajrangement  of  Gray  and  White  Snbstanoe  in  the  Spinal  Cord. 

The  mutual  relations  of  the  grfty  and  white  substance  form  the  neces- 
sary basis  for  a  complete  piiysiological  anatomy  of  thtw  part  of  the 
nervous  system.  The  connections  of  the  nerve  fibres  with  the  cells  of 
the  firay  substance  and  with  various  parts  of  the  longitddinnl  cnlunins, 
as  well  as  those  of  the  ditlerent  nerve  cells  with  each  other,  are  the  most 
important  for  this  purpose.  It  has  not  yet  been  possible  to  make  out 
these  connections  with  certainty  for  all  |>arts  of  the  cord  ;  but  much  has 
been  accomplishetl  in  this  respect  by  the  examination  of  microscopic 
sections  made  in  various  directions,  after  hardening  the  tissues  of  the 
cord  in  alcohol  or  in  weak  sulntionn  of  chromic  acid  or  [lotassjum  bichro- 
mate, and  by  making  the  fibres  and  cells  more  distinct  by  means  of 
staining  preparations.  With  regard  to  the  relative  pro|>orlions,  in  dif- 
ferent parts  of  tlie  cord,  of  its  two  constituent  elements,  it  is  evident, 
as  shown  by  KoUiker  and  Oerlach,  that  the  gray  substance  is  increased 
in  quantity  at  the  situation  of  the  ccM-ical  and  lumbar  enlargements, 
and  that  the  white  substance,  on  the  other  hand,  diminishefl  gradually, 
from  its  upjTcr  to  its  Ittwer  extremity.  This  fact  corresponds  with  the 
known  physiological  relations  of  the  cord  ;  namely,  that  by  its  gray  siib- 
Rtance  it  acts  as  a  nervous  centre  lor  the  eorrefi|K>ndiug  regions  of  the 
body  ;  and  also  ibnt  the  fibres  of  its  T*hite  substance  form  communica- 
tions between  the  |tarts  above  and  the  spinal  nerves  which  are  given 
off  lielow. 

Tfie  Qray  Substance. — The  gray  substance  in  the  spinal  cord,  as 
elsewhere,  consists  of  a  mixture  of  nerve  cells  and  nerve  fibres,  of  which 
the  nerve  cells  arc  the  peculiar  and  distinctive  element.     They  are  ail 


^'  uiultipolnr"  cells;  that  is,  tbej  send  out  several  prolongations  in  vari- 
ous diix'ctioua,  transverse,  longitudinal  and  obliiiuc,  most  of  which  aw 
abundaiilly  (>ulMUvided  and  tc-nniuatc  in  minute  laniifications,  while  i 
single  one  Iruiiuunily  continues  its  course  for  a  long  dislauee  undivided, 

Fig.  155. 


TRAHBVaBai  SKCTiojr  or  TUE  8f  in  al  ('ojid;  lower  cervical  region. — ^1.  Aaterlpr 
tn«disn  flimuro;  ImtneillAtrly  behind  It  are  seen  t)ie  decuiiKtinifr  flbrrs  of  the  white  oommli- 
Burc.  S.  CeolTAl  ennui,  Bituntcd  in  t^c  middle  of  the  K^oy  comii.lsgure.  3.  Posterior  medUo 
U»9ure.  4,4.  Anterior  columns  of  whitr  miturtnnce.  6,&.  Posterior  colutnnB.  0,0.  L^tcrM 
oolumnB.  7,7.  Anterior  horns  of  frrny  Bubstauce.  I,  B.  Posterior  horns.  9,9,  Aalerior 
nerve  root*.    10,  lo.  Posterior  nerve  roots. 


and  asBumea  the  nppoarnnoe  of  on  axis  cjHnder.  They  vary  in  form 
and  size  in  ditTun^nt  i«irt.s  of  the  gray  stibstanco.  Tlie  most  retnarkahle 
of  thew  (tils  are  situated  in  the  anterior  ho7-}}s,  where  they  are  dist- 
tingcuished  Uy  their  large  size,  being,  according  to  the  measurements  of 
KoUiker,  from  G7  to  l^H  raratn  in  diameter,  the  largest  loiown  ceUs  in 
tlie  nervous  system.  Tlicy  jiro  arrflnged  in  two  or  three  more  o""  less 
distinct  groups  near  the  extremity  and  outer  portion  of  the  anterior 
horn.'*.  Beside  these  there  are  found  scattered  everywhere  in  the  gray 
substance,  but  mort*  abtindaiitly  in  the  posterior  ftor»M,nen'e  cells  which 
are  much  smaller  in  size  th.-m  the  preceding,  but  of  similar  form  and 
provided  with  similar  branehing  prolougatinns.  'Ilie  autvrior  ami  pos- 
terior horns  are  not  tlierefure  absolutely  distinguished  from  each  other  \ 
by  the  character  of  their  nerve  cella,  but  only  by  tlie  relative  proijortiona  { 
of  their  §i^e  and  nuiJi^J*''''*!  s'nce  a  few  cells  of  comparatively  large  size 
are  found  in  the  posterior  horus,  and  the  smaller  ones  exist  in  both 
situations. 
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The  nerve  fibres  of  the  gray  sulistaiice  are,  hi  general,  of  much 
smaller  diameter  than  those  of  the  white  siibstsuicc'^  but  otherwise  pre- 
sent the  same  analomk-al  diaracters.  Most  of  them  run  in  a  horizontal 
transverse,  !iiilero-|iosLerior,  or  lailintiiig  direcliou.  They  consist,  lir«t. 
of  fibres  wljit-li  hiivt*  peiielrjitecl  into  the  gray  substauce  fn»m  the  nnte- 

trior  and  posterior  routs  of  the  Kpinal  nerves;  Hecomllj',  of  libres  which 
cross  tlie  median  line  in  the  gray  eommissnre,  from  t>ne  side  of  the  cord 
to  the  other,  thus  tbriiiing  u  eommissiiral  cnnnectinu  between  the  two 
lateral  hulveij  of  the  gray  subsLatice  ;  ami,  liiirilly,  of  fUiies  wliieli  run 
in  a  great  variety  of  directions  with  regard  to  each  other,  and  of  which 

■  the  origin  and  terminations  are  unknown. 
The  While  Huhiflance.. — The  white  suhstnnce  of  the  spinal  cord  con- 
si«ta  of  nerve  filin-s,  the  iari^e  majority  of  wliieti  run  in  a  lotvtjitudirial 
direction,  forming  tracts  or  ''columns,"  ilesignated,  accortiiug  to  their 
situation,  by  the  names  of  the  anlei'ior^  lateral^  and  ponterior  columns 
of  the  eord.  In  transverse  sections  of  the  eonl  which  have  been  prop- 
erly hanU'iied,,  tlie  Icmgitudinal  fil»rt's  are  reiuUly  <listingui.shG<i  by  Iheir 
^■presenting  the  circular  outline  of  a  minute  c>'linder  cut  across;  while 
^*tlioKO  which  are  horizontal  or  oblique  are  seen  in  profile  for  a  longer  or 
shorter  distance  in  the  pix'paralion. 

Tlie  anterior,  lateral,  and   posterior  columns  consist  almost  exclu- 

tfilvelj'  of  long-itmlitiul  fibres.  Hut  at  the  l*oti<)m  of  tin;  anterior  median 
fissure  there  is  a  band  of  white  substance,  the  lii>rcH  of  which  run  hori- 
zcmtally  across  from  tlie  inner  portions  of  each  anterior  column  to  the 
opposite  side  of  tlie  curd.  Thin  is  called  the  white  ^^ujuvniixare  of  thr. 
^■rorci;  but  the  name  is  not  entirely  appropriate,  since  its  fibres  do  not 
^^forra  n  connection  between  exactly  corresponding  parts  on  tlie  right  and 
\tit  sides.  Acconling  to  both  KoUiker  and  (<erlacli,  the  fibres  which 
pass  across  at  the  nieilian  line  from  thi'  right  anterior  column  spread 
ont  in  the  gray  substance  of  the  lell  anterior  honi ;  and  those  coming 
fr<»m  the  left  anterior  column  spread  out  in  the  gray  substance  of  the 
right  anterior  horn.  The  transverse  fdtres,  accordingly,  of  the  white 
eommissnre  connect  the  right  and  left  anterior  eolunms  respectively 
with  the  gray  snitstance  of  the  opptisJte  side  of  the  cord. 

Counting  the  transverse  fibres,  therefore,  of  both  the  gray  and  the 
white  cominissnres,  it  may  be  said  that  there  is  a  direct  bilateral  con- 
nt-rtiou,  by  meatis  f)f  cnrnttumicating  nerve  fibres,  lietween  the  right 
and  left  halves  throughout  the  length  of  the  eonl;  but  it  is  not  possible 
to  determine,  with  precision,  the  exact  origin  «'i  tiriiiination  of  the  indi- 
vidual fibri's  liy  which  tliis  connection  Is  made. 

Cnnnertion  of  the  Spinal  AVriv-rw/«  with  the  Spinal  Cord. — The 
fibres  of  the  anterior  roots  of  the  spinal  nerves  are  distinguished  from 
those  of  the  jxistcrior  by  their  relatively  Larger  size;  but  on  penetrating 
into  the  white  substance  of  the  cord,  their  diameter  is  diminishcil,  and 
they  assome  all  the  characters  of  the  central  nerve  fibres.  They  then 
pass  inward,  in  a  horizontal  or  oblique  and  backward  direction,  and 
reach  the  gray  substance  of  the  anterior  horn. 
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The  exact  terminotton  of  the  nerve  fibres  in  the  gray  substance  oft 
conl  is  a  matter  of  nitith  iinporlance,  but  T\bii-h  is  not  3-et  fully  eUici- 
datcd.  The  etroiig  prolmLitity  is  tiiat  aonif  of  llie  fibres  of  the  aQteriur 
nerve  roots  are  dirtctly  foimected  with  radiating  nerve  cells  in  this 
localily  by  meiiDH  uf  the  long  jixis-cyliuder  processes  of  these  cells;  but 
the  most  iieconiplished  and  careful  niieroscopists  have  found  it  inip<is- 
sible  to  actually  see  this  connection.  Its  j.robubility  rests  upon  the 
fads  that,  first,  the  long  processes  of  the  nerve  cells  in  the  anterior 
horns  closely  resemble,  as  tlicir  name  indicates,  the  axis-cylinder  of  the 
nerve  fibres;  and,  pecomlly,tbefie  processes  are  often  seen,  in  horizontal 
or  antcro-iiostdior  vertical  sectinns,  lo  pnss  furward  townrd  the  oriyin 
of  the  anterior  root  fibres,  and  emerge,  in  company  witb  them,  from  the 
gray  into  the  white  substance  of  the  cord.'  Beside  these  fibres,  how- 
ever, others,  forming  a  part  of  the  anteririr  nerve  roots,  pass  distinctly, 
according  to  Kbllikcr,  from  the  gray  substance  of  the  anterior  horn  Into 
till-  white  conuuiwsuie,  nml  thence,  crossing  tlie  me<linn  line,  into  tbe 
anterior  column  of  white  substance  on  the  opposite  side;  while  others, 
radiating  backward  and  outward,  nmy  be  seen  to  emerffe  from  tbe  ex- 
ternal bolder  of  the  gray  substance,  and  to  join  the  longitudinal  fibres 
of  the  Intertil  column  on  the  siinie  side. 

Thus  it  is  certain  that  the  immediate  connection  of  all  the  Shres  of 
the  anterior  nerve  roots  is  with  the  gray  substance  of  the  anterior 
horn  ;  but  some  of  them  pass  subscquenlly  lo  the  anterior  column  of 
the  njiposito  side  of  the  cord,  others  to  the  lateral  colirmn  of  the  same 
side. 

The  prmferfor  roots  are  distinguished  from  the  anterior,  first,  by  the 
generally  sninller  size  of  their  nirve  fibres  ;  secondly,  by  tlie  presence 
of  the  g:inglia,  known  as  tbe  "■  spinal  gnnglia,"  or  the  gnnglia  of  tbe 
spinnl  nerve  roots.  The  grtiy  substnnceol  ihose  gaugJia  contains  nenreS 
cells  which  nre  distinguished  from  those  of  the  spinal  cord  hy  not  pos- 
sessing ntmified  jtrohmgationA.  They  present,  luiwcver,  often  one, 
flomelinies  two  or  more,  ptde,  uuljrancbed  axiw-cyliniter  processes,  which 
suliseqiieutly  become  continuous  witii  mednllnted  nerve  fibres^  running 
outward  with  the  other  nerve  libres  toward  the  peri|iherv.  These  ganglia 
therefore  give  origin  to  additional  nerve  fibres,  which  afterward  f/rra 
part  of  tlir  trunk  of  tbe  s])inal  nerve.  The  fihresof  ttie  posterior  nerve 
mots,  on  tbe  contrary,  coming  from  tbe  spinal  cord,  according  to  Kolli- 
ker,  only  tra^'erse  the  gray  matter  of  the  ganglion,  without  making  any 
ati.-itomiral  coJnie<-tion  with  its  sirbstanee. 

The  fibres  of  tlu*  [losterior  roots,  on  entering  the  spinsd  cord,  between 
lis  posterior  nud  lateral  columns,  pass  into  the  posterior  horns  of  gray 
matter;  after  wbioh  some  of  them  change  their  '.lircction  and  Income 
longitudinal,  still  remaining  in  the  gray  substance,  others  become  tran£- 


'  Krtlliker,  Elements  d'Hislnlopic  Hnmaiiie.     Paris.  18G8,  p.  343.     Gcrlach.  in  ' 
Strieker's  Manual  of  IliBtology,  Buck's  etiiiion.     Now  York,  1872,  pp.  636,  637 
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Terse,  passing  into  both  the  graj'  and  white  commissnres,  while  others 
>se  themselves  in  the  gray  substance  of  the  posterior  and  even  of  the 
'bacK  part  of  the  notfrior  horns. 

The  connection  of  the  anterior  and  posterior  root  fibres  of  the  spinal 
nerves  with  the  cord  is  therefore  nut  exactly  tlie  same ;  but  tiiey  both, 
so  far  as  known,  lirst  reach  the  gray  matter^  whtre  a  portion  of  them 
terminate,  or  at  least  escape  furtiicr  •»bservatioti,  while  the  rest  partly 
become  longitudinal  on  the  .name  side,  and  partly  cross  over  to  the 
opposite  Bide  of  the  spinal  cord. 

TnuismiBsion  of  Motor  and  BenBitiTe  Impulaea  in  the  Spinal  Cord  and 

Nerves. 

The  experimental  methods  adopted  for  determining  the  functions  of  ^ 
different  parts  of  the  nervous  system  are  twofold;  first,  by  aj^j^Iying  an 
artificial  stimulus  to  the  nerve  or  nervous  tract,  and  observing  the  effect 
which  is  produced;  secomlly,  by  dividing  or  destroying  it,  and  seeing 
what  nervous  fiint-tiou  is  abolifthod  in  conscfjucnce  of  the  operation.  In 
the  periphend  parts  of  the  nervous  system,  and  in  those  generally  which 
?rve  as  simple  organs  of  transmission,  both  these  methods  yield  dcfl- 
iite  and  jKisitive  results.  In  the  central  parts,  they  are  feomeliuics 
complicated  by  the  peculiar  properties  or  the  mutual  reactions  of  the 
JS^^y  **'"'  white  substance. 

■  Motor  and  Senxilive  Trangmisitwn  in  the  Spinal  Nerves  and  Nerv« 
Jtof}fH. — .If  the  spinal  canal  of  a  living  tiiiimal  be  o|>ened,  and  a  mechanical 
or  galvanic  stimulus  be  applied  to  the  anterior  root;  ahmc  of  a  f«|iiin!d 
ierve,  the  effect  of  this  irritntion  is  a  convulsive  movement  of  the  part 
to  which  the  nerve  is  distnluited.  The  muscular  contraction  is  imme- 
diate, involuntary,  and  in.stantaneous  in  duration;  and  js  repeate<l  with 
mechanical  precision  each  tinu'  the  stinuihis  is  ap|>tied.  It  is  UNually 
unaccompanied  by  any  indic;dion  of  sensibility,  and  is  evidently  a 
direct  result  of  the  excitement  of  the  nerve  fibres  of  the  anterior  root. 
This  root  is  therefore  said  to  be  '"^  excitable,"  because  its  irritation 
excites  a  movcnunt  in  the  corresponding  paita. 

Furthermore,  if  the  anterior  root  of  a  spinal  nerve,  under  the  same 
circumstances,  be  cut  across,  the  remaining  nervous  connections  being 
left  untouched,  the  result  is  an  immediate  and  total  paralj-sis  of  volun- 
tary movement  in  the  muscles  to  which  that  nerve  is  distributed.  At 
the  same  time,  the  power  of  scnHibility  is  undiminished,  and  the  uinma] 

still  capable  of  feeling  the  contact  of  foreign  bodies,  or  &  galvanic  cur- 
iut  applied  to  the  skin,  as  before.  If  the  anterior  roots  of  a  series  of 
spinal  nerves  be  liius  divided,  ns,  for  example,  those  of  all  the  lumbar 
and  sacral  nerves  on  one  side,  the  above  elfcct  will  Ik-  produced  for  an 
entire  corresponrling  region  of  the  body,  and  the  whole  posterior  limb 
on  that  side  will  lose  the  power  of  voluntary  motion  while  retaining  its 
sensibility.  This  is  not  due  to  any  loss  of  the  phj'siological  properties 
of  either  the  nerve  or  the  museles,  since  irritation  of  the  nerve  or  nerve 
root,  outside  the  point  of  section,  still  produces  muscular  contraction  as 
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before.  All  these  facts  prove  that  the  path  b}'  ■which  iinpuUes  for  vol- 
iintarv  mutioti  pjiss,  from  the  brain  and  spinal  cord  to  the  muscles,  is 
exi'UiHively  the  snlcrior  root  of  the  spinal  nerve. 

On  thf  other  Iiaml,  if  the  posterior  root  lie  irritated,  l>y  pinching, 
pricking,  or  galvanism,  a  sensation  is  produced,  more  or  less  acute  ac- 
oonling  to  the  amount  and  quality  of  the  irritation  applied.  This  Bcn> 
BAtion,  when  of  a  certain  intensity,  is  aceoinpanied  by  movements.  But 
these  movements  arc  gmcrrtl  and  not  necessarily  confined  to  tl>e  port  to 
which  tite  nerve  is  distributed;  and  if  the  corresponding  anterior  root 
have  teen  previously  divided,  this  part  will  remain  motionless,  while 
musetilar  contractions  continue  to  be  iiroduccd  elsewhere.  The  move^ 
ments  which  follow  irritation  of  the  posterior  root,  accordingly,  fire 
not  prcKluced  directly  by  its  infiuence,  but  are  caused  indirectly  by: 
the  reaction  of  the  nervous  centres.  The  only  immediate  result  of  i 
tation  of  a  posterior  nerve  root  is  a  sensation,  and  this  root  is  therefore 
»aicl  to  be  *'  sensitive." 

Furthermore,  if  the  posterior  root  be  di\nded,  the  consequence  is 
loss  of  the  power  of  sensation  in  Ihe  corresponding  region  of  the  body. 
Here  also  the  effect  is  simply  to  cut  off  the  medium  of  cominuniea- 
tioii  between  tile  intetjiimeut  arirl  the  nervous  centres ;  sinco  irritation 
of  that  part  of  tlie  dividetl  n<'rve  which  is  still  attached  to  the  spiiml 
cord  produces  a  sensation  as  before.  Thus  the  channel  of  communica- 
tion for  sensitive  impressions,  in  this  part  of  the  nervous  ""system,  is 
exclusively  the  posterior  root  of  the  Sfniial  nerve. 

•'  But  just  bcj'ond  the  situation  of  the  spinal  ganglia,  the  two  roota 
(unite  to  form  the  trunk  of  the  sjtinal  nerve.  Here,  the  fibres  of  the 
anterior  and  those  of  the  posterior  root  become  intimately  mingletl,  and 
inclosed  within  the  ncnrilemtiia  in  such  close  ju.\taposition  that  they 
can  no  longer  be  Be[iaratciy  irritatt-d  by  artificial  means.  They  pass, 
still  associated  in  this  manner,  into  the  branches  and  subdivisions  of 
the  nerve ;  and  only  finally  separate  from  eacli  other  at  its  termir;il 
ramifications,  where  the  si-risitive  fibres  are  distriiiuted  mainly  to  the 
inti'fTuraent  and  the  motor  fibres  to  the  muscles. 

The  trunk  and  hranchcs  of  a  spinal  nerve,  therefore,  outside  thp 
spinal  canal,  contain  both  sensitive  and  motor  fibres,  and  it  is  oon 
quently  said  to  l)e  a  "mixed"  nerve.  It  is  l>f>th  excitable  and  eensilive, 
since  its  artificial  irritation  causes  at  the  snme  time  sensation  and  coiv 
vulsive  movement;  and  if  it  be  divided,  this  injury  is  followed  by  the 
loss  of  both  sensibility  and  voluntary  motion  in  the  corresponding', 
parts.  It  is  also  important  to  ri-member  that,  in  all  these  instances  of 
section  of  the  tnmli,  or  branches,  or  anterior  or  posterior  ruots  of  A 
spinal  nerve,  the  consequent  loss  of  sensibility  or  motion  is  {K'rmnnent 
while  the  injury  lasts  ;  and  the  nervous  functions  are  not  restored  until 
the  divitletl  nerve  fibres  have  reunited,  and  have  again  acquired  their 
natural  continuity  of  texture.  This  shows  that  the  suspension  of  func- 
tional activity  is  directly  <bic  to  the  division  of  the  nerve  fibres,  and  Is 
Dot  j>«>duced  by  the  sympathetic  action  of  other  parts. 
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Motor  and  Sensitive  Traniimi«fiion  in  the  Spinal  Cord. — The  simplest 
fact  ileteraiined,  in  tLis  reepet-t,  both  by  experimental  research  8i>d 
patholugio.'kl  observation,  is  that  the  sjiiiial  cord  is  llie  exclusive  orfjanX 
of  eoimuiinifation  betwt»eii  the  luaiii,  cm  the  one  hniirj,  and  tlie  ext«'n»al 
organs  of  sensation  and  motion,  on  the  oilier;  Bince  if  it  be  divided  by 
a  transverse  section,  or  cnuipi-essed  Ijy  fnictured  bcjne,  or  disorgfinizeil 
by  diseaseil  action  at  any  part  of  its  length,  tlie  result  is  a  complete 
loss  of  voluntiirv  motion  iumI  senHibiltty  in  tiic  mnsch's  uml  integument 
below  the  point  of  injury.  'I'he  general  nervous  function,  performed  by 
the  cord  as  a  whole,  is  therefore  easily  and  completely  demonstrated, 
and  is  not  subject  to  any  donbtful  Interpretation. 

But  the  precise  path  which  is  followed  b\'  the  motor  and  sensitive 
impulses  respectively  in  different  parts  of  the  spinnl  cord  is  much  less 
easy  of  determination  thnn  in  the  two  sets  of  nern-e  roots.  The  fibres 
of  the  nerve  roots  pass  directly  to  the  gray  matter  in  the  interior  of  the 
cord  ;  and  their  siibKeqnnnt  conrse  hfis  not  been  eoniplctoly  fullnwed  by 
microscopic  exnminatioii.  The  wliite  siilistnnce  of  the  cord,  at  least  in 
the  lateral  columns,  is  partly  rormc<l  of  fibres  which  come  from  the 
nerve-roots  J  but  the  greater  part  of  both  nnterior,  lateral,  and  posterior 
Cfdunins  may  cf>u>*ist  of  tibn-s  wfitch  originate  in  the  gray  niatter,  and 
llujs  form  secondary  trncts  of  coramnnication  between  it  and  the  brain. 
The  close  juxtapoaition  and  continuity  of  texture  between  the  gray 
substance  and  ttie  various  cotimins  of  white  substance  in  the  spinal 
cord  give  it  a  more  or  less  complicated  structure;  and  the  investigation 
of  thi'  fuiiotional  endowments  i>f  its  diflercnt  parts  has  yielilc<i  results 
which  are  less  simple  and  uniform  than  in  the  case  of  the  nerves  and 
the  nerve  roots.  The  methods  and  objects  of  the  investigation,  however, 
are  the  sfime  in  both  instances;  and  arc  intended  to  ascertain  the 
folhiwing  points,  namely,  first,  what  parts  of  the  spinal  cord  are  found 
to  lie  sensitive  or  excitable  under  the  apjjlication  of  an  artificial 
stimulus?  and  secondly,  wl»at  parts  act  as  the  natural  channels  of 
transmission  for  tlie  two  functions  of  sensation  and  motion?  The 
latter  of  these  questions  is  the  more  important  in  a  purely  physiological 
point  of  view ;  but  the  former  is  n!sf>  of  consequence  as  a  gnide  in 
experimental  research,  and  also  for  the  explanation  of  many  pathological 
phenomena. 

I.  What  parte  of  the  Sfvinal  Cord  are  ne.n)>itive  or  excitable  under  the 
injliifiice  of  artificial  Klimulunf 

When  the  spinal  canal  is  opened  in  the  living  animal,  the  first  por- 
tions of  the  cord  which  present  ihcmselves  for  examination  are  the 
poitlerior  colunDtn.  The  irritation  of  those  columns  bj-  artificial  stimu- 
lus, acconling  to  the  united  testimony  of  all  observers,  pnxluces  evident 
signs  of  sensibility  in  the  animal.  It  is  al.so  found  by  experimenters 
generally  that  this  sensilnlity  is  most  marked  In  the  immediate  neigh- 
borhoo<l  of  the  attachment  of  the  posterior  nerve  roots,  while  at  the 
greatest  distance  from  this  point,  namely,  at  the  inner  edge  of  the  poste- 
rior columns,  on  each  side  of  the  median  line,  their  sensibility  may  be 
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nearly  nlisent.  It  is  evitlent  tbut  the  sensibility  of  the  postorlor  columns 
is  hir^i'ly  due  to  the  presence  of  tibres  of  the  posterior  uerve  rootu. 
whifh  may  be  iiR*Iu<]ed  in  the  irritiition,  and  inaiiy  of  nvbich  traverse  th* 
oiitc-r  portitm  of  Ibt-  posterior  lolumnfi  horizonttdly  in  their  passiige 
tovraitl  tlie  gray  niiitlt-r.  TUl'  only  diserepancy  on  Ibis  subject  is  in 
regard  to  the  question  whether  the  fibres  of  the  nerve  roots  are  the  only 
sources  of  Bensibility  for  the  posterior  columns,  or  whether  the  loiigiti}- 
dinal  fibres  of  the  eoliuniis  themselves  are  also  .sensitive.  According  to 
some  authors  (Van  I>een,  |{nMvn-S«?quard,  Poiocar^),  the  posterior 
columns  have  no  eeusibility  of  their  own,  Imt  only  what  is  due  to  tbal 
of  the  posterior  nerve  roota;  einee  if  these  roots  be  torn  out,  irritation 
of  the  posterior  eolitmns  no  lonper  produces  any  perceptible  sensation. 
In  the  experiments  of  SehiffaiKl  Vulpian,  on  the  other  haml,  the  p<j»te- 
rior  columnsj  after  being  divided  by  a  transverse  section,  and  then 
sejjarated  from  the  adjacent  parts  for  a  distance  of  several  cenlimelrM 
in  front  of  the  point  of  section,  still  indicate  the  existence  of  sensi- 
bility when  subjected  to  irritation,  irritation  of  the  posterior  columns, 
like  that  of  sensitive  tracts  generally,  produces  also  movements  in  va- 
rious parts ;  but  these  movenunts  are  rt^flex  in  character,  and  are  simply 
the  signs  of  an  irritation  communicated  to  the  nervous  centres. 

Sensibility  al-so  exist;*,  according  to  Vulpian,  in  that  portion  of  the 
lateral  columnii  which  is  contiguous  to  the  outer  edge  of  the  posterior 
columns,  and  to  the  line  of  attachment  of  the  posterior  nerve  rootfc 
But  as  the  irritation  is  applied  to  points  farther  forward,  the  signs  of 
sensibility  in  the  lateral  columns  rajiidly  diminish,  and  soon  disappear 
altog^cther.  In  all  these  pnrt.H,  of  both  posterior  and  lateral  columns,  the 
senBibility,  as  founrl  by  all  observers,  is  most  marked,  or  even  exclu- 
sively situated,  in  their  sui>erfieifll  portions;  and  experimenters  are  also  H 
generally  agreed  that  the  grtnj  gub^tanre  of  the  cord,  throughout,  is^M 
destitute  of  sensibility  to  the  application  of  any  ordinary  aitificial 
stimulus.  H 

Wh.-itever  minor  points,  therefore,  may  remain  in  doubt,  the  principal  H 
fact  is  unquestioned,  namely,  that  the  posterior  parts  of  the  spinal  cord, 
consisting  of  the  posterior  columns  and  the  adjacent  parts  of  the  lateral  ^_ 
columns,  are  sensitive  to  extenial  irritation,  especially  at  their  surface;  ^| 
and  accordingly  inflammation  of  the  meninges,  or  other  diseased  action 
in  tliis  locality,  may  lie  aceompanied  by  painful  irritution  of  the  Spinal 
cord.     The  irritation  thus  produced  is  still  more  liable  to  cause  pain, on' 
account  of  the  attachment  at  the  surface  of  the  coid  of  the  posterior' 
nerve  roots,  which  are  themselves  acutely  sensitive. 

The  properties  shown   by  the  anterior  vohnnfis  on  the  applicjition  of 
artificial  stinudus  are,  on  the  whole,  quite  different   from  those  of  tlit] 
posterior  columns.     There  is  some  difference  in  the  results  obtained  in  I 
this  respect  by  different  experimenters.      This  difference  mainh*  con- 
sists  in  the  fact  that, according  to  the  large  majority  (Magendie,  Longet. 
Bernard,   BrownS^qunrd.  Tulpiati,   Flint),  irritation   of  the  anterior  j 
columns   produces   convulsive   movement   in   the   parts  1h?1ow  ;    M-hil« 
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others  (Calmeil  and  Chauveau)  have  found  these  columns  quite  inoxcitar 
ble,  and  incapublc  of  causing  luuBcular  cuulrnctiuu.  But  in  such  in- 
stances cxpfrimenta  with  m  positive  result  ate  much  more  decisive  than 
tiiose  wliich  urc  merely  negative,  siuee  the  natural  exeitaljility  of  the 
anti-rior  columns  miwht  he  temporarily  suspended  hy  the  operation  of 
0{)cning  the  spinal  canal,  or  other  iueideulal  conditions",  but  nothing 
of  this  kind  could  confer  upon  them  a  property  which  they  did  not 
naturally  possess. 

Vulpian  has  shown'  tlmt,  if  in  the  living  nnimal  the  spinal  cord  be 
divided  transversely,  and  both  posterior  and  lateral  columns,  together 
with  the  anterior  and  jMjsterior  nerve  roots,  separated  fiom  it  for  a 
distance  of  four  or  five  eeiitiuictres  below  the  point  of  section,  leaving 
this  |}ortion  of  the  cord  to  consist  of  the  ituttrior  coJunins  and  tiie 
gray  suhHtance  only,  iriitation  of  the  anterior  cohimns,  thus  isolated, 
will  still  produce  convulsive  movement  in  Uie  parts  below. 

There  can  be  no  doubt,  accordingly,  of  the  excitability  of  the  anterior 
columns.  This  excitability,  which  produces  simple  convulsive  move- 
ments in  the  parts  beluw,  is  also  in  most  instances  unaccompanied  by 
pain  or  other  evidences  of  sensibility.  The  absence  of  jKiin,  in  cjises 
where  the  convulsive  action  is  well  marked,  has  been  especially  noticed 
by  Flint,'  and  is  also  mentioned  by  various  other  writers. 

The  sensibility  of  these  parts  which  has  sometimes  been  observed  is 
comj>aratively  slight  in  degree,  and  is  frequently  altogether  susiiended 
or  abolished  by  the  oi>ening  of  the  vertebral  canal  and  the  exposure  of 
the  spinal  cord. 

The  laternl  columns  are  also  excitalde  in  their  anterior  portions,  near 
the  attachment  of  the  anterior  nerve  roots ;  while  as  we  approach  their 
posterior  portions,  this  direct  excitabilitj-,  according  to  Vulpian,  dimin- 
ishes in  degree,  and  gradually  gives  place  to  the  j/henomcQa  of  sensi- 
bilitj'  characteristic  of  the  posterior  parts  of  the  cor<l. 

The  anterior,  lateral,  and  posterior  columns  of  the  cord  are  not  there- 
fore absolutely  limited  and  distinguishefl  from  each  other  by  their 
physiological  prnpertiea.  The  fibres  of  the  anterior  and  posterior  nerve 
roots  pass  in  horizontally  between  the  longitudinal  fibres  uf  the  adjacent 
colunms;  but  both  the  anterior  and  lateral  columns,  on  each  side  of  the 
anterior  nerve  roots,  are  excitable  and  produce  movement  on  Kdng  irri- 
tated, and  both  the  posterior  and  lateral  columns,  near  the  entrance  of 
the  posterior  nerve  routs,  are  endowed  with  sensibility.  Inflamma- 
tory or  other  irritation  of  the  meninges,  over  any  part  of  the  anterior 
aspect  of  the  cord,  may  accordingly  cause  convulsive  movements  in  the 
regions  siluatetl  below  the  diseased  p^iint;  and  it  is  possible  that  either 
pain  alone  or  convulsions  alone  may  be  the  symptoms  of  inflamraa'ory 
irritation  of  the  posterior  or  anterior  portions  of  tlie  cord  resjiectively. 
But  it  is  most  frequently  the  case  that  the  morbid  action  extends  more 


»  Systijne  Nervcus.     Paris,  1866,  p.  360. 
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or  less  to  both  regions,  and  the  disturbances  of  Bensibility  and  motion 
are  both  ju'esent  at  the  same  time,  or  at  ditf<erent  periods  in  the  prugreai 
of  ttie  disease. 

II.    What  parts  of  (he  Spival  Cord  are  the  natural  channels  of  tr<m- 
miifsion  for  xt^nHatioii  and  nunifrnfntf 

Tlii3  question  cnnnot  be  8ettle<l  by  the  experiments  which  consist  in] 
apt^h  ing  an  artifitinl  stimtihis  to  the  various  parts  of  the  cord.     Suck] 
ex(n'iiinn.'nt9   can   only  determine    the    stnsibility  or  excitability  of  tl 
nervoua  tract,  but  not  its  function  as  a  channel  of  transmission.    A,] 
pnrt  of  the  Rjiinid  cord  mif^ht  be  sensitive  to  direct  external  irritHtion 
ami  yet  the  nntiinil  impulses  of  eeuKatiun,  coming  from  the  jieriphei 
nerves,  mifrht  ftillow  a  different  ronte.     On  the  otiier  hand,  a  part  migl 
be  perfectly  ca[>able  of  trairsinittinii;  the  nervous  impulses  of  sensation  0^ 
of  motion,  recoivt'd  fnjm  the  corrt'9|tunding  nerA-o  flbres,  and  yet  migl 
not  itsrlf  be  either  excitable  or  Bensitive.     In  the  peripheral  ncrvea  at 
the  nerve  roots,  the  two  sets  of  jiropcrties  coexist.     The  nerve  fibres 
the  posterior  roots,  which  transmit  sensation,  are  themselvea  sensitive! 
and  those  of  the  anterior  nerve  roots,  which  transmit  the  power 
motion,  are  also  excitable.     Hut  although  these  properties  are  connect* 
in  the  nerves  and  nerve  roots,  they  are  not  necessarily  bo  in  the  ncrvoB 
centres  ;  and  investigation  sliows  that  in  the  spinal  cord  they  are  ofle 
indepenflent  of  each  other. 

The  only  method  of  ascertaining  what  path  is  followed,  in  the  spini 
t'ord,  by  the  sensitive  and  motor  impulses  respectively,  is  to  divide  i 
destroy,  in  sueceKslve  eiporiments,  different  portions  of  the  cor<J,  and 
observe  which  of  these  injuries  is  aocompnuit-d  by  the  loss  or  preservi 
tion  of  sensiition  or  voluntary  movt  raent.  Even  these  experiments  U 
not  alwa^  8  as  decisive  in  the  Bjiinal  cord  as  in  the  nerves  and  ner 
roots  ;  for  the  reason  tliat  the  different  parts  of  the  white  and  pray  sul 
st.'inee  infiuenee  euch  other,  and  are  sometimes  affected  by  pympathetii 
action.  If  the  division  of  one  of  the  columns  of  the  spinal  conl  Im^-  fo 
lowed  by  a  continnnnce  of  the  power  of  sensation,  we  know  that  colui 
cannot  l>e  the  natural  channel  for  sensitive  impressions.  But  if,  on 
other  hand,  it  be  followeil  by  immediate  loss  of  sensibility,  wo  cannot 
sure,  in  tliis  c.tpc,  that  the  column  in  question  is  really  the  organ 
transmission  ;  because  the  loss  of  .sensibility-  may  be  temporary,  and  di 
,to  the  shock  inflicted  upon  neigbborin^  parts  of  the  cord.  Notldng  i 
more  common,  in  experiments  on  the  nervous  system,  than  to  see  a  pa 
alysis  of  sensation  or  motion,  more  or  less  complete,  follow  directi) 
n|)on  the  injury  of  a  particular  part,  and  yet  these  symptoms  di^iappea 
within  a  few  hours  or  days,  although  the  injury  to  the  nerve  siibst 
ma}-  remain  for  a  much  buifjier  period.  The  immediate  effect,  in  thea 
cases  is  not  due  ilireetl^-  to  the  division  of  the  injured  nerve  fibres,  hi 
to  their  syrnpithetic  renction  upon  neighboring  parts  of  the  nervoB 
centre.  The  most  di^cisive  experiments,  {lecordingly,  upon  the  spinat 
cord,  for  determining  the  citannels  of  transmission  for  sensation  and 
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motion,  are  those  in  which   these  functions  have  rumaiDCHl,  ootwith- 

I standing  the  section  oT  certain  parts  oC  the  cord. 

By  investigatuig  in  tliis  way  tlie  nt^rvotis  cliaiuuils  for  tsenttalion  in 
kbe  spinal  coni,  ti>e  ftrMt  fact  which  is  <lemotistratC!«l  in  such  a  nianiitT  as 

[lo  he  generally  accepted,  ia  that  after  fUvision  of  the  posterior  coluains 
of  white  substance  the  power  of  Hciisihility  is  unduiiitiishetl,  and  the 
aniiunl  continues  to  feet  ImpressionH  made  upon  the  integument  tif  the 
corresponding  parts.  This  rt'sult,  wliich  was  obtained  by  several  of  the] 
older  experimenters,  is  fully  confirmed  by  the  oVtservations  of  Brown- 
S^uard'  and  Tulpian."     The  posterior  colurana  therefore  are  not  the 

L channels  for  ordinary  sensitive  impressions,  notwithstanding  they  have 
khemsi'lves  a  certain  degree  of  sensibility.  The  converse  of  this  experi- 
ment, namely,  transverse  division  of  all  parts  of  the  spinal  cord  excepting 
tlie  posterior  cohimns,  as  perfurined  l>y  the  same  observers,  is  fullowed 
by  complete  loss  of  the  |)ower  of  sensation. 

On  the  other  h:\nd,  if  both  the  Anterior  and  lateral  columns  of  white 
substance  he  divided,  leaving  only  the  posterior  columns  and  the  gray 

fsuhstance,  sensibility  is  preserv»i ;  and  Brown-S^quanl  has  varied  the 
mode  of  procedure  by  dividing  both  anterior,  lateral,  and  posterior 
columns  in  the  same  animal  at  diilVn-ent  levels,  one  .aljove  the  other, 
80  that  the  continuitj-  of  the  cord  as  a  whole  is  preserved,  but  all  the 
longitudintd  tracts  of  white  substance  are  ilividetl,  leaving  only  the  gray 
substance  uninjured.  In  this  case  sensibility  is  preserved,  although 
diuiinis!ie<l  in  intensity. 

The  transmission  of  sensitive  impressions,  therefore,  takes  place 
through  the  gray  matter.  This  substance,  which  is  itself  insensible  to 
direct  irritation,  forms  the  me^linm  vf  eonimunication  between  the 
jveriphend  flhres  of  the  sensitive  nerves  and  the  brain  above.  It  is  not 
known  whether  this  communication  lie  made  by  nerve  fibres  running 
continuously  through  the  gray  substiuice  in  a  longitudinal  direction,  or 
by  successive  connections  of  the  nerve  cells. 

.  With  regard  to  the  channels  for  voiuntarrj  motion  in  the  eoni,  the 
posterior  columns,  it  is  eerlaiii,  take  no  direct  part  in  the  transmission 
of  these  impulses,  since  after  their  complete  seelion  the  power  of  vol- 
eiiitary  motion  reniuiiis  unimpnired;  anil  if  all  the  remaining  parts  of 
the  cord  be  divided,  iieennliiig  to  the  ohservntions  of  Brow n-S^tjuard, 
leaving  the  jtosterior  tolutnns  untouche<l,  voluntsiry  motion  is  entirely 
lost.  Further  experiments  by  the  same  author  on  the  anterior  and 
lateral  columns  and  the  gray  enbstaneo  of  the  anterior  homs  lead  to  the 
conelu!»ioii  that,  for  the  transmission  of  the  voluntary  impulses  from 
the  brain  to  the  muscles  of  the  body  ami  limbs,  bolh  tfw  whitf.  and  r/ray 
xubntance  of  the  anterior  half  of  the  cord  must  be  in  a  state  of  integrity; 
nince  section  of  either  the  white  substance  alone  or  of  the  gray  sub- 
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stHnee  alone  is  foUowixl  by  almost  cotnpletu  paralysis  of  the  parts  belo« 
tin-'  ievel  of  llie  itijiirv.  In  tlie  dorsal  region,  injury  of  the  anterior 
coliinuis  prodiRH-s  a  givater  amount  <»f  pnrulyRis  than  lliat  of  the  lateral 
colurtins;  in  ibe  i.t'rvical  region,  on  the  otlier  li&nd,  this  relation  is 
reversed,  th(i  luternl  cidumiia  taking  a  more  important  part  in  voluntary 
traiisini»si<in  than  the  anterior. 

It  is  evidont,  accordingly,  tliat  in  the  spinal  cord  the  transmission  of 
sensitive  and  motor  iuijmises  dot-s  not  take  place  with  the  same  sim- 
plicity as  in  the  tiervcs  and  nerve-roots.  The  various  nervous  tracts^ 
as  Well  as  the  white  and  the  gray  snbstanee,  are  associated  in  such  a 
muniicr  as  to  miikc  of  the  cord  a  single  organ,  more  or  less  complicate*! 
in  structure,  wliioh  cannot  be  separated,  so  far  as  our  present  knowledge 
cxtouda,  into  completely  independent  parts. 


Crossed  Action  of  the  Spinal  Cord. 
/  The  spinal  cord,  as  a  nie<lium  of  ncrvonn  communication  between  the 
(brain  and  the  external  parts,  exerts  a  crossed  action.  That  ia,  tb« 
sensitive  impressions  rcei*ived  by  I'^e  integument  on  one  side  of  llie 
body  are  conducted  tiirough  tlie  cord  t()  llie  opposite  side  of  tlie  brnin; 
and  the  voluntary  motor  impulses  which  oiiginate  on  one  side  of  the 
hniin  pass  to  tlie  nerves  and  umsclcs  on  the  ojiposite  side  o*"  tlie  body. 
This  is  established  both  by  e.v]KMiinent3  upon  animals  and  by  patholo- 
gical observationa  in  man;  since  injury  or  disease  situated  I'pon  the 
riglit  side  of  the  brain  is  known  to  cause  paralysis,  both  of  sensation 
and  voluntary  motion,  on  the  left  side  of  the  bodj',  and  vice  vertd,, 
These  two  nervous  functions  may  be  paralyzed  either  together  or 
separately,  according  to  the  locality  and  extent  of  the  injury  to  the 
brain  sidistance ;  but  when  the  paralj'sis  is  distinctly  confined  to  on« 
side  of  the  body,  the  alteration  of  nervous  tissue  upon  whicli  it  dejiends 
is  found  alter  death  to  be  seated  upon  the  opt>osite  side  of  the  brain. 

The  crossing  or  decussation  of  the  nio*-or  and  sensitive  tracts,  from 
side  to  siile,  takes  place  in  the  following  manner: 

Decumadon  of  the.  Motor  Tractn. — It  may  bo  said,  in  general  terms* 
that  the  transmission  of  voluntary  motor  impulses,  in  the  spinal  cord 
itself,  takes  place  continuonsly  upon  the  same  side.  That  is,  if  a  tran»> 
verse  section  of  one  lateral  half  <»f  the  cord  tic  made  at  any  [>oint  in  the 
lumbar,  dorsal,  or  cervical  region,  a  paralysis  of  voluntary  motion  i» 
produced  upon  the  same  side  for  nil  parts  situated  below  the  level  of 
the  injiiry.  This  observation,  which  was  first  ma<le  by  Galen,  has  been 
confirmed  by  all  suhseiiucnt  exp^'riuienters.  But  in  the  cervical  region, 
the  lateral  columns  gradually  preponderate  in  importjince,  as  the  organs 
of  transmission  for  voluntary  motion,  over  the  anterior  columns;  and 
on  approHching  the  level  of  the  nieilnlla  olilongatii.  their  fibres  pass  in  a 
direction  furvvard  and  inwnrrl,  until  titey  rench  the  inner  and  anterior 
part  <jf  the  cord.  Al  the  medulla  oblongata,  these  fibres  cross  the 
median  line,  as  distinct  bundles  of  onnsiderable  size  passing  ohliqaely 
upward,  to   form   the   anterior  pyramids  of  the  opposite  side.     Thia 
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coiisti lutes  the  sr>Ka]le<l  "i-kxussatiuu  of  the  :uit<;rior  jj^mmids;"  and 
beyond  ibis  point  the  longitudinal  Ubres  of  the  luuduilu  (rblongata  ooa- 
tinue  their  course  lowurd  the  peihmoles  of  the  brain  and  the  cerebral 
ganglia  above.  Thus  the  erossiiig  of  the  tiaetH  lui'  voluntary  niitti*jii  is 
completed  in  the  Itjjo-'''  '"^f  ^^  ^^*^  nuidulla  ubluiigata.  Injury  of  one 
lateiiil  half  of  the  brain  iiijove  this  hitualioti  causes  niuscuhir  paralj'sis 
on  the  ojvposite  side  of  the  body  ;  injury  of  one  Intend  hall'  of  the  tii>inal 
cortl  l>e!ow  it  eauises  paraly>is  tin  the  *.anie  side  u(  tlie  Ixxly. 

These  are  the  genend  results  obtained  from  both  pathological  olwerva- 
tion  niid  physiological  expeiiment ;  and  they  evidently  )H>int  to  the 
medvdla  obh)ngat:i  us  the  principal  or  exelusive  Beat  of  the  bilateral 
decussation  of  the  channels  for  vubiutury  luution.  At  the  Kanie  time  it 
IS  shuwn,  by  mtrcroscopio  examination,  that  this  is  not  the  only  spot 
where  an  anatomical  intcrcliarge  of  librcs  takes  place  between  the  two 
lateral  hid\e9  of  the  bptual  cord.  On  the  contrary,  a  decussation  of 
iibix's  exihts  everywhere,  throughout  the  length  of  the  cord,  from  letl  to 
right,  ami  oice  ot-rfd^  at  the  situation  of  the  ''white  caiamis^ure,"  at  the 
bottom  of  the  anterior  median  fissure;  the  right  anterior  column  con- 
stantly receiving  fibres  from  the  left  side  of  the  cord,  and  the  left  anterior 
culnnin  from  the  right  side  of  the  cord.  This  eontinxions  decussation  ia 
concealed  from  view  extenially,  and  is  only  discovcral»Ie  by  means  of 
transverse  microscopic  sections;  wldle  that  at  the  level  of  the  anteriiir 
pj-ramids  is  easily  visible,  owing  to  the  bIzc  of  the  decussating  bundles 
and  their  oblique  direction. 

Tite  nnatouiical  diHtinction  between  the  two  sets  of  decussating  fibres 
may  answer  to  a  cc>rreiiiiouding  ditl'ereiice  in  their  physiological  action; 
and  the  dccuMsation  at  the  white  coinuiissure  may  be  connected  with 
the  reflex  action  of  the  curd,  or  with  the  nimultaneous  action  of  its  two 
opposite  sitles.  It  is  certain  that  this  commissure  does  not  take  part  in 
the  transmission  of  voluntary  irapulses-,  since  in  the  celebrated  exiKTi- 
tnent  of  Galen,'  ''if  the  t^pinal  conl  be  <liviile<l  by  a  loitgitudinal  section, 
from  above  downward,  in  tlie  meilian  line,"  so  as  to  sej^aiate  its  two 
lateral  halves  from  each  oilier,  this  oiH-ration  is  not  followed  by  loss 
of  motion  either  on  one  side  or  the  other.  This  reault  has  also  been 
obtained  by  lirown-J^i^fpnrrd'  in  the  Innibar  repi<in,  voluntary  motion 
being  retained  in  both  the  {Kisterior  limbs.  On  the  other  hand,  as 
shown  by  the  same  observer,  a  longitudinal  section  of  the  mnlnUa 
oblongata  alone  in  the  me^linn  line,  so  as  to  divide  the  deotissating  libreH 
of  the  anterior  pytamids,  profluces  complete  loss  of  vohintjirj*  movement 
in  all  the  limbs  at  once. 

Dft'iigHttlk/n  of  Ihe  Senntive  Tracts. — The  sensitive  impressions, 
conveyed  from  the  integnment  to  the  nervous  centres,  undergo,  like  the 
motor  im(iulses,  a  conndete  bilateral  decussation  by  the  time  they  arrive 


'  Do  Administrftdonilins  Anatomicis.     I.iher  viii.  cap.  vt. 

*  Physiology  and  i'alhology  of  the  Ceutral  Nervuua  h'jBtem.     I'biladeljihia, 
1860.  p.  33. 
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at  the  upper  part  of  the  medulki  oblongata;  since  lesions  of  the  bwin 
above  this  poitit  t-ausic  a  tlimimitiou  or  loss  of  .sensibility  on  the  opposite 
bide  of  the  buily. 

But  while  the  tracts  for  voluntary  motion  have  a  continuotis  or  uni- 
lateral course  in  lUa  epiiifil  conl  itst'lf,  ainl  decussate  only  or  principally 
»t  tiu!  level  of  the  anterior  pynimi<is,  those  for  sensation  in  ffreat 
measure  cross  from  side  to  side  at  successive  points  throughout  tlie 
length  of  the  spinal  eorJ.  Tins  is  shown  by  the  fact  that  a  transverse 
section  of  one  lateral  half  of  the  spinal  corrl,  which  ijaralyzes  motioa 
on  tlic  sarae  wide  with  the  injury,  causes*,  on  the  contrary,  a  loss  of  seO;. 
sntion  on  the  opposite  side;  while  sensibility  remains  upon  that  side  of 
the  body  where  the  section  of  the  cord  luis  been  made.  Thus  if  t 
lateral  section  of  one-half  the  spina!  cord  be  made  at  the  lower  end  ot 
the  dorsal  region  on  the  ri.nJit  side,  the  right  Idml  leg  is  iiaralyzed  of 
nnjtitui  but  retains  its  sensibility;  the  Kfl  hind  leg,  at  the  same  ti mi 
retains  its  power  of  motion  but  loses  its  seusibility.  Furtiiemiore,  lUt 
sensibility  of  the  parts  is  not  only  retained  on  the  side  of  the  sectiou, 
but  is  even  exatrgeiated  in  a  very  perceptible  tnauner;  so  that  an  illh, 
jiression  ujiou  the  skin  is  perceived  un  tliat  siiie  more  acutely  than  befo 
the  section- 

These  results,  which  were  partinlly  olitainetl  hy  several  of  the  oUlef 
experimenters,  were  first   distinctly   brought   out   by   Brown-Senuani 
AccortHng  to  Ids  experiments,  the  phenomena  are  so  cou»]>lete  as  to  imply 
an  enlirc  crossing  of  the  sensitive  tracts  in  the  spinal  cord.     Other 
observers  have  found  the  appearances  not  so  decisive;  Vulpian,  amon 
others,  maintaining  that  the  loss  of  sensiliility  on  the  opposite  side,all«f 
section  of  a  laltnd  half  of  the  cord,  is  never  emuplete  but  only  partial, 
and  that  the  sensitive  impressions  conveyed  through  the  gray  matteTj 
may  even  continue  to  paws,  after  one  lateral  half  of  the  oord  has  bei 
divided  in  the  dorsal,  nud  the  other  in  the  cervical  region,  by  two 
lions  placed  at  a  consi<lerable  dintance  from  each  other. 

It  is  certain,  however,  that  itl'tei:  section  of  one  lateral  half  of  the 
cord  the  phenomena  which  indicate  a  crossing  of  the  sensitive  tracts  ai 
distinctly  mtirked.  We  have  repeated  this  cxjieriment,  and  have  found 
that  alter  Kuch  a  section,  in  tlie  dog,  in  llie  dorso-lumhar  region,  the 
ditlcrence  in  the  effects  produceti  npeiti  Ken.4atir>Ti  and  motion  on  the  t 
sides  is  very  striking.  Sensibility  is  either  lost  or  very  much  diminish 
upon  the  opposite  side,  while  upon  the  same  side  with  the  section,  w he rt] 
there  is  comidete  muscular  paralysis,  the  sensibility  remains  and  in  i 
creased  in  iuteusity.  On  tlie  opposite  side,  then-  is  power  of  rootins 
with  diminution  or  loss  of  sensibility  ;  on  the  same  side,  there  is  hyper* 
fcsthesia  with  loss  of  voluntary  motion^ 

Wlint  i>»  the  cause  of  the  local  hypertesthesia,  after  seclion  of  one 
lateral  half  of  the  spinal  eovd  ?  This  is  an  instance  of  tlie  indirect 
influence  exerted  upon  the  nervons  centres  by  injury  of  any  part  of 
their  substance.  After  transverse  division  of  one-lialf  of  the  cord,  tji 
onlv  are  its  motor  and  sensitive  librcscut  off,  causing  paralysis  of  moti 
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lie  same  si^lu  iiii'l  paralysis  of  sunsihility  on  the  opposite  Bide,  but 
Jie  gray  hu hstancf  is  irritated  in  the  noigliborliood  of  tlie  section  and 
tlifown  into  a  state  of  iiniisnal  activity.  Tlie  sunbitivt!  fibres  of  the 
'posterii>r  norve  roots  on  the  same  side  pass  into  this  gray  substance 
below  the  jKtint  of  section,  and  thence  make  eouitiiunication  with  the 
opposite  side  of  the  sjiinaJ  cord  and  the  brain.  The  irritation  of 
the  gray  matter  thus  oauses  an  increase  in  the  intensity  of  the  nervous 
impressions  coming  from  the  side  of  the  injury  and  an  apparent  hyper- 
O'stheHia  of  the  intey^unient  on  that  side.  For  this  purpose  it  is  not 
[necessary  to  make  a  complete  section  of  nil  the  lateral  parts  of  the  cord ; 
since  Brown-Sdquard  has  fotind  tbat  division  of  the  posterior  colnnins 
alone  will  cause  Uyperaisthesia,  more  or  less  i)rononneed  ;  and  aecuixling 
to  Vulpian,  the  same  effect  may  tw?  ]irodnced  by  simply  pricking  with  u 
pointeil  instrument  the  posterior  or  lateral  parts  of  the  cord  oiv  one  side. 
Another  experiment  is  niiich  relied  on  by  Brown-S^qnard  to  demon- 
strate tlie  crossing  \t\'  the  sensitive  tracts  in  the  spina!  cord.  According 
to  him,  if  the  spinid  cord  be  tlivided,  in  the  lumbar  re;iion,  by  a  lougi- 
ttidinal  section  in  the  median  line,  so  tia  to  separate  its  twro  lateral 
halves  from  each  other  without  further  injury,  the  o];eration  is  followed 
by  cam|i]cte  loss  of  sensiliiJity  in  both  hind  legs.  This  result  by  itself 
would  not  be  decisive,  since  such  an  operation  might  readily  cause  a 
temporary  8usj)eusi(m  of  sensibility",  owing  to  the  shock  indicted  un  the 
spinal  cord  us  a  whole;  but  it  is  of  much  value  when  taken  in  connec- 
tion Willi  the  fact  that  after  this  oi>eration,  while  sensibility  is  lost,  the 
j>ower  of  vtduntar}'  movement,  ou  the  contrary,  is  retaineit  in  both  the 
jjosterior  limbs. 

Finally,  instancCH  in  the  human  subject,  where  a  lesion  of  one  side 
of  the  spinal  cord  is  accompanied  by  loss  of  voluntary  motion  on  the 
same  airie  and  loss  of  sensibility  on  the  opjiosite  side,  Ix'tow  the  seat 
of  the  disease,  confirm  the  results  derived  from  experimeuta  on  animals. 
The  decussation  of  both  motor  and  sensitive  tracts  is  compUteil  at  tho. 
medulla  oblongata  ;  but  below  this  point  the  cord  acts  as  a  conductor 
for  motor  impulses  going  to  the  nnisdesj  on  the  same  side  of  the  body, 
and  for  s^jj^itive  impressions  coming  from  the  iutegmnent  of  the  omyJj 
site  side. 

Vnrwun  forms  of  Parab/nis,  from  lemons  of  Ihe  Gerrbro-^pinal 
Axi9. — In  consequence  of  disease  or  injury  in  difl'erent  parts  of  the 
oerebro-sj)inal  axis,  a  variety  of  symjitoms  may  be  produce<l  att'ecting 
sensation  anrl  voluntary  motion.  The  two  most  simple  forms  of  paraly- 
sis from  this  cause  are,  first,  "  paraplegia,"  or  paralysis  of  the  entire 
lower  portion  of  the  body  and  inferior  limbs;  and  ftee«mdly,  "hemiple- 
gia," or  paralysis  of  one  lateral  half  of  the  body,  and  of  one  or  both 
limbs  on  the  correspoiulinij  side. 

I.  In  FarafilfijKi^  the  injury  affects  the  whole  substance  of  the  spinal 

cord  at  a  partienlar  level,  ;md  the  result  is  loss  of  sensation  and  voluu- 

iry  motion    on    both    sides,  for  the  whole  of  that  part  of  the  body 

ipplied  with  nerves  which  originate  at  or  below  the  level  of  the  injury. 
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The  seat,  of  the  loftion  in  the  spinal  cord  is  determined  by  the  line 
which  paralysis  of  sensntioii  nini  motiun  begins  in  tlie  external  pa 
ir  thii  lesion  oc'cii|»_v  the*  hiinbnr  [iortii)n  ol"  the  corij,  the  legs  and  the 
pelvic  regions  are  psiralyzed  and  insi'naible,  while  the  nrms  and  remain- 
ing parts  of  the  trunk  retain  their  feeliiig  and  jiower  of  motion.     If  id 
be  in  the  dorsal  region,  a  corre3[M>iidiiig  part  of  the  abdomen  and  ihornx^ 
is  also  deprived  of  sense  an(i  movement ;  and  if  8itiiate<:I  in  the  middle 
cervical  region,  it  produces  at  the  same  time  paralysis  and  iusensibility, 
of  both  upper  and  lower  extremities, i,opetlier  with  that  of  the  chest  and! 
intercostal  muscles.     A  paralysis  r>f  tliis  kind,  .nflecting  the  arms  and] 
intercostal   innscles,  is  morf!  dangeruuH   than   that  of  the  legs  nlomd 
because  a  slight  extension  of  the  lesion  above  the  middle  cervical  region 
will  iiaralyze  tlie  fibres  of  origin  of  the  phrenic  nerves,  and  prodt 
death  Viy  stoppage  of  respiration. 

In  complete  itiiraplcgia,  tseusatinn  ancl  motion  are  both  altolished  in 
the  affected  parts;  because  the  injury  or  disease,  when  sullicient  to, 
destroy  one  of  these  nervous  functions,  almost  necessarily'  reaches  those! 
portions  of  the  cord  which  preside  over  tlie  other.  Bnt  in  slight  or] 
incomplete  cases,  either  sensibility  or  movement  may  be  more  or  Icssj 
allccted,  according  as  the  lesion  is  more  or  less  advanced  in  dilferctQl] 
parts  of  the  tliicknes-s  of  the  cord. 

IL  In  Hi'miph'gin  of  the  simplest  form,  there  is  loss  of  sensation  ami'l 
voluntary  moti<in   in  the  right  or  left  arm  and  leg,  the  limbs  on  thej 
other  side  of  the  body  remaining  uninjiirt^d.     Sensibility  and  the  power! 
of  mo\'ement  are  also  lost  in  the  integument  and  muscles  of  the  chest  i 
and  abdcinicn  on  the  corresponding  side.     It  is,  therefore,  a  complete  1 
parnlysia  of  one  lateral  half  of  the  body;  the  affection   U-ing  usually  i 
exactly  limited  by  the  median  line,  both  in  front  and  rear.     In  tht»M 
cases  the  paralysis  is  due  to  some  lesion  within  the  cavity  of  the  cra- 
nium, on  the  opposite  si<le,  and  above  the  decussation  of  the  anterior 
pyiamids;  namely,  in  the  upper  part  of  the  medulla  oblongata,  the  crura 
cerehri,  the  cerebral  ganglia,  or  the  beuaispheres.    Jt  appears  to  be  mosf 
frequently  seated  in  the  cerebral  ganglia  or  the  hemispheres. 

In  bendplegia  fnmi  this  cause,  the  loss  of  sensibility  and  of  the  power 
of  motion,  though  occupying  the  same  half  of  the  body,  are  not  nece8!*ft--j 
rily  equal  in  degree.  According  to  Hammond,'  when  the  cause  of  the 
difllculty  is  a  cerebral  hemorrhage,  they  are  rarely  present  to  the  same 
extent.  If  the  lesion  be  situated  lower  down,  in  the  cms  cerebri  or  the 
tuberatinnlare,  they  would  be  more  likely  to  i-esemble  each  other  in  degree. 
When  hemiplegia  is  due,  on  the  other  hand,  to  a  lesion  of  the  apiunl 
conl  on  one  side,  the  paralysis  of  motion  is  on  the  same  side  of  tb« , 
body,  and  that  of  sensiliility  on  the  opposite  side.  A  number  of  these 
CJises  have  l>een  collected  by  I}rown-.Se(iuurd,  in  most  of  which  it  wa« 
ascertained  that  the  injury  was  seated  in  the  lateral  half  of  the  cord 
corresponding  to  the  paralysis*  of  motion. 
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Action  of  the  Spinal  Cord  as  a  Nervons  Centre. 

So  far  ns  tlie  sjiiiuil  cord  is  oonceriietl  in  tlio  phenoiHona  of  sensation 
an«l  voliintaiy  tnutioii,  it  nets  as  a  medium  of  coininurucation  between 
the  brain,  M'hcre  eonsciousness  !in<l  volition  rf  sitle,  and  the  intrOgumont 
and  iniisek's  of  the  externuJ  [utrtH.  Its  coinpk'tf  division  nccordingly  at 
any  point  destroys  this  coninitinienticm,  and  suspends  the  iumvous  func- 
tions de)x>ndent  ii|>on  it;  So  thsit  the  eommHndsof  the  will  are  no  longer 
tmnsmitted  to  the  muscles  Udow,  an<l  the  individual  is  ineapablc  of 
perceiving  impressions  u\ni\e  upon  tiie  integiunent  of  the  paralyzed 
parts.  But  after  sncli  an  o|M-ration  motion  is  iit>t  allogeiiier  abolislu-d 
in  the  body  and  limbs;  and  impressions  eonveyed  by  the  sensitive 
nerve  fibres,  though  no  longer  perceived  by  the  individual,  are  still 
capable  *>(  [iroflncing  an  effect,  and  of  exciting  a  reactitm  in  tlie  organs 
of  niovemtnl.  These  phenomena,  which  lake  place  wiUmuL  tiio  inter- 
vention of  the  brnin.  arc  pHnluced  by  the  action  of  the  spinal  cord  ns  a 
nervous  centre,  and  are  due  to  the  independent  properties  of  its  gray 
matter. 

flfflcx  Action  of  tlip  Sfnnnl  Con!. — If  a  frog  l>e  decapitated,  and 
allowed  to  remain  at  rest  for  a  few  mc»meuta,  until  the  depressing  effects 
of  the  S'hock  upon  the  nervous  system  have  passed  off,  movements  can 
readily  l>e  excited  in  either  the  anterior  or  posterior  linjbs.  If  the  skin 
of  one  of  the  feet  lie  irritated  by  pinebing  with  a  pair  of  forceps,  or  by 
imnjersing  it  in  a  weak  acidtdated  s^olution,  the  leg  is  immedijitely 
drawn  upward  towar»I  the  b.tidy,  as  if  to  escape  the  source  of  irritation. 
If  the  Rliniuliis  ai^pSied  Ik-  of  slight  intensity,  the  corresponding  leg  only 
will  move;  but  if  it  be  more  severe  in  cliaraeter,  motion  will  ofleji  be 
produced  in  the  correspon<liiig  limb  on  tlie  opposite  side,  or  even  in  all 
the  extremities  nt  once.  These  phenomena  may  l»e  repeated  a  great 
number  of  times,  until  the  irritability  of  the  nervous  system  has  been 
exhausted,  or  until  bonic  structural  change  has  taken  place  in  the 
tissues. 

Two  important  peculiarities  am  noticeable  in  the  movements  thus 
produced  alter  decaititalioii : 

First,  they  are  never  spontaneous  ;  hut  are  only  exciterl  by  the  appli- 
cation of  an  extenjal  stinuilus.  The  decapitated  frog,  if  lell  to  itself, 
always  remains  perfectly  motionless,  in  a  nearly  natural  attitu<le,  but 
without  any  tendency  to  alter  its  position.  Each  application  of  a 
stimulus  causes  a  movement,  after  wbieli  the  limbs  again  assume  a  con- 
dition of  quiescence  until  a  rei>etition  of  the  stimulus  calls  out  a  new 
movement. 

Secondly,  the  muscular  action  thus  manifested  is  not  produced  by  a 
stimulus  directly  applied  to  the  muscles  tbemst'lv<'H.  The  stimulus  is 
applicti  to  the  integmuent  of  the  foot,  and  the  muscles  of  the  leg  and 
tliigh  are  contracted  in  consequence.  This  shows  that  both  Hensitive 
and  motur  nervt-  fibres  take  part  in  the  action.  The  Sensitive  fibres 
di^tiibuted  to  the  integument  firat  receive  the  impression  and  convey  it 
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inward;  after  wliicli  the  motor  fibres  transmit  an  outward  etimnlnH  to 
thfc  mu.sflfs  in  n  rlitl'i'ivnt  [)iirt  of  llu-  iinih.  Kven  t!ie  otlier  linitNi,  as 
alreaiTy  tntnitioiiod,  may  be  trnt  in  luotion  liy  au  iriitation  applied  to 
the  ttitfguinent  oC  one. 

Ftirtliermore,  tht  nervous  action  is  not  transmitteil,  in  thes«^  cases, 
dirertly  Irom  tbe  inlt'fjiinn'nt  to  tbe  nmst'lea;  it  passes  throujjh  tlie 
Bpiuitl  conl,  wliicli  thus  Ibnns  a  ncccBsary  link  in  the  cliain  of  coninnini- 
cation  ;  for  if  thu  posterior  liinli  be  left  uninjured,  while  its  connection 
with  the  cord  is  severed  by  dividing  the  sciatic  nerve  in  the  cavity  of 
tilt'  HlHloniwi,  no  further  action  can  be  excited,  and  the  limb  remains 
motionlc8s  wliatevi-r  irritation  l>e  apiilie«i  to  the  inti-finmenl. 

Lastly,  if  the  spinal  cord  itself  be  destroy <xl  by  the  intro<luction  of  a 
stilet  into  the  spinal  cannl,  this  also  puts  an  end  to  the  plienomenn,  and 
irritation  of  tht*  integument  will  no  longer  produce  a  muscular  reaction. 
At\er  tli.al,  the  muscles  c;in  only  be  excited  to  contraction  by  a  stimulua 
applied  ilircctly  to  themselves,  or  to  their  motor  nerves. 

All  these  facts  show  that  the  phenomena  in  question  are  due  to  the 
reflex  action  of  a  nervous  centre,  in  which  three  dilferont  nervous  ele- 
ments take  part;  namely,  first,  the  sensitive  nerve  fibres,  conveying  an 
inijiression  inward  from  the  internment ;  secondly,  motor  nerve  fibres, 
transuntting  a  stimulus  outward  to  the  muscles  ;  and,  thirdly,a  ner\-ou9 
centre  which  intervenes  between  the  two,  and  in  which  the  reflex  action 
is  aceoniplisbed-  The  nervous  centre,  in  this  instance,  is  tbe  gray  sub- 
stance of  the  S(Hnal  ct»rtl. 

It  is  evident,  accordingly,  that  consciousness  is  not  a  necessary  ac- 
companiment to  the  reception  of  sensitive  impressions  by  a  nen'ons 
centre  ;  and  that  a  motor  impulse  may  also  originate  in  a  nervons  centre 
without  the  act  of  volition.  The  reflex  action  of  the  sjiinal  conl  takes 
place  witliout  either  consciousness  or  volition  ;  and  yet  it  is  completely 
ellicient,  and  jtroduces  mubcular  contraction  at  once  on  the  application 
of  a  stimulus  to  tlie  skin. 

Diminution  or  Increase  of  Bt'ftex  Action  in  the  Cord. — The  reflex 
action  of  the  spinal  conl,  like  other  forms  of  neiTous  activity,  may  sutfor 
a  temporary  depression,  or  even  total  suspension,  by  any  shock  or  injury 
to  the  system  at  largi'.  The  operation  of  scjmratinf!;  the  head  from  the 
trunk  in  the  frog  will  often  bo  followed,  for  a  few  moments,  by  an 
interval  of  com|>lete  nervous  paralysis,  in  which  no  phenomena  of  reac- 
tion can  \h'  obtained.  Even  injuries  in  which  tlie  nervous  centres  arc 
not  directly  interested,  such  as  tlie  opcuuiji;  of  the  abdomen  and  the 
removal  <j>f  the  abdominal  organs,  may  produce  a  similar  temjwirarj' 
eflect.  In  some  instances  the  duration  of  this  perio<l  of  depression  is 
very  short,  so  as  to  be  almost  imperceptible;  in  others  it  lasts  for 
several  minutes.  After  it  has  passed  olf,  the  reflex  irritability  of  the 
Oonl  retunis  to  its  natural  con<lition,  and,  if  the  cord  itself  have  been 
wotnvde<l  or  divided,  may  e\'en  be  jwrceptibly  increased  in  intensity. 

It  is  frvr  this  reason  that  the  reflex  action  uf  the  cord  often  seems  to 
be  more  vigorous  and  prompt  in  the  frog  after  the  removal  of  the  head, 
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or  the  transverae  (livision  of  the  cord  itself  at  its  tipper  part.  Thf 
wound  of  the  nervous  siibstunce  induces  an  increased  excitability  of  its 
gray  matter,  in  CfmseqiH'fioe  of  wUidt  sensitive  ini|jri'Ssions  of  a  modersvle 
character  iirothice  a  mure  eircrgetic  miisculnr  reaction.  This  is  shown 
Ity  the  observations  of  Tiin-k,  Bernard,  snrl  Vulpian,  in  ■whicli,  after  a 
section  of  one  lateval  hnlf  of  the  cord,  the  fvosterioi"  leg  on  that  side  is 
withdrawn  more  raiJtdly  from  an  acidulated  solution  than  the  other;  and 
in  which  the  reflex  action  of  the  cord,  in  decapit.ited  nnimstU,  becomes 
m«»re  and  more  markc^l,  for  the  posterior  HmbH,  in  consequence  of  suc- 
ce«»ive  transverse  Bections  made  from  before  backward,  in  the  cervical 
and  lumbar  refrions. 

The  reflex  action  of  the  cord  mny  also  be  increased  by  poisonous 
snbstances.  Strychnine  is  the  most  efflcient  in  this  respect,  and  pro- 
duces very  rapidly  an  exalte<l  condition  of  irritability  in  the  9[Miml  coni, 
in  consequentve  of  which  a  slight  irritation  of  the  skin  is  followctl  by 
excessive  miiseulfir  react tmi.  If  a  froir  1h»  simply  di'cnpitiitcd  an<i  K-ft 
in  repose  for  a  short  time,  the  retlex  action  of  the  cord  manifests  itsjif, 
as  nsual,  in  a  distinct  bnt  moderate  degree.  Slij^fht  irritations  have  no 
jwrcejitible  effect,  antl  the  pinchinjj  of  the  skin  in  one  hiiitl  foot  iisnnlly 
causes  i-etraction  of  that  limb  only.  I5ut  if  a  solution  of  strychnine 
be  injected  iimlernf  utli  the  skin,  at  the  end  of  ten  or  firtoen  minutes, 
when  absorption  hits  taken  place,  the  reflex  irritability  of  the  cord  is 
found  to  be  exapgernted  in  a  very  marked  degree.  The  animal  atill 
remains  motionless  if  undisturbc<| ;  bnt  tiie  slitibtest  irritation  applied 
to  the  skin,  the  contaet  of  a  hsdr  or  feather,  or  the  jar  produced  by 
striking  the  table  upon  which  it  is  placed,  will  often  Iw  snllicient  to 
throw  it  into  violent  convulsive  action,  in  which  all  the  limbs  take  part. 
As  these  efTcels  are  ])rodnced  in  the  decapitated  animal, no  inflnenee  can 
be  attriliuted  to  the  action  of  the  Itvain,  Strychnine,  accordingly,  is  a 
poison  which  nets  directly  ii|ion  j;he  spinal  conl  by  increaainf;  its  excita- 
bility, and  by  thus  causing  convulsive  movements  in  consequence  of 
slight  external  irritation. 

Similar  ickuUh  arc  kn*>wn  to  follow  from  wounds  or  injuries  either  of 
the  cord  itself  or  of  peripheral  parts  of  the  nen-ous  sj'stem.  Brown- 
S^quard  kis  fonnd'  that  in  Guinea-pigs  a  section  of  one  lateral  half  of 
the  spinal  cord  sometimes  prwluces,  after  a  few  weeks,  such  a  condition 
of  the  nervous  centres  that  the  animal  becf)mes  epileptic,  and  that  e[>i. 
leptiform  convulsions  of  a  veiy  intense  character  may  Ik*  excited  by 
pinchinij  the  skin  of  part  of  the  face  and  neck,  on  the  side  corre8|>onding 
with  the  lateral  section  of  the  cord.  The  phentimena  of  tet:inns  in  man, 
following  wouniW  of  the  peripheral  nerves,  are  also  of  a  retlex  convulsive 
character.  The  tetanic  spasni  is  often,  if  not  always,  excited  by  an 
external  cnnso;  but  this  cause  is  so  slight  that  in  the  healthy  condition 
it  would  have  no  perceptible  effect.  The  accidental  movement  of  the 
bedclothes,  the  shutting  of  a  door,  the  passing  of  a  carriage  in  the 
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street,  or  even  a  current  of  air  upon  the  skin,  may  be  stifflcient  to  thw 

tht"  iiiUHOular  system  into  severe  spasinoflie  nctioii.  The  n-IU'X  iriltu- 
\iUity  of  the  s{>iual  conl  uia\ ,  tliurelbrf,  b*.-  iucreusotl  or  dimiuisbed  by 
viirioiis  cnuHCH  acting  upon  it  fioiti  ivitlimiL 

lifjiex  Actum  oj  thr  Curd  in  Warm-hlowled  AnimaU  and  in  Man, — 
In  tlie  frog,  as  well  as  ia  other  colJ-blooiled  animnls,  the  feflex  aciion 
of  the  «niuul  cord  Inats  for  u  (■iim]»!tralivLly  b>iiy  time  ufU'r  decapitution 
or  the  Btoppage  of  the  circuliitiuii  ;  foiitiiiuiug  stomttimi's,  if  tlie  animal 
be  kept  in  repose  and  sutlicieiitly  cool  and  moist,  for  Iwenty-foiir  hours 
or  oven  longer.  In  the  warm-l>looded  animals,  it  disappears  much  more 
rapidly;  find  it  must  be  sought  lor,  if  at  tdl,  within  a  very  whorl  time 
after  death,  since  a  nearly  ct/nstant  supply  of  blood  ia  essential  in  these 
ai)iraals  to  a  continuance  of  the  physiological  Action  in  evary  part  of  the 
nervous  systean.  If  artitlcial  respiration  be  kept  up,  however,  so  as  to 
maintain  the  circubititm,  the  reilex  ticJion  of  the  eord  will  eoulinue  to 
manifest  itself,  independently  of  the  brnin  ;  nnd  the  name  thing  may  be 
aceonipliyhetl,  by  dividing  the  spinal  cortl  in  the  lower  cervical  or  upfier 
dorsnl  region  below  the  origin  of  the  phrenic  nerve.  The  animal  theii 
cnntinuey  to  breathe  by  meuiiH  of  the  dinphragm  ;  and  although  deprived 
of  both  aeusibiiity  and  voluntiuy  motiiKU  in  the  posterior  limbs,  move- 
ments of  the  leg  are  pioiluccd  by  pinching  the  akin  of  tlie  foot. 

Ilobin  has  observed  the  phenomena  of  reflex  action  of  the  cord,  after 
clecapitation,  in  iiiun,  in  the  case  of  an  executerl  criminal  whose  botly 
was  subjected  to  examination.  The  reflex  mnBcubr  contractions  were 
])i"odueed  about  one  hour  after  the  execution.'  '*  While  the  right  arm 
was  lying  extended  in  an  ohlique  ])Osition  by  the  8i<le  of  the  tnmk, 
with  the  huiid  about  25  ccntinietrcrt  distant  from  tlie  upjjer  part  of  the 
thigh,  1  Hcratclieii  with  tlie  point  i»f  a  scid|>el  tlie  skin  of  the  chest  at 
the  areola  of  the  nipple,  for  a  space  of  10  or  11  eeutimetres  in  extent, 
without  making  any  pressure  upon  tlie  Bulijacent  muscles.  We  im- 
mediately saw  a  rapid  and  stieeessive  contraction  of  the  great  pi-otornl 
muscle,  the  biee[)s,  |>ro!mlily  the  brachialis  auticu.s,  and  lastly  the  mus- 
cles covering  the  internal  condyle." 

"The  result  was  a  movement  by  which  the  whole  arm  was  maile  to 
approach  the  trunk,  with  rotntion  of  the  aim  inward  and  half-flexion  of 
the  foreurm  upon  the  arm  ;  a  true  defenHivc  uio%emeut,  which  brought 
the  hand  townnl  the  chest  as  far  as  the  pit  of  the  stomach.  Neither 
the  thumb,  which  was  half  bent  towarfl  the  palm  of  the  hand,  nor  tlie 
fingers,  which  were  half  bent  o\ci'  the  thumb,  presented  an}*  move- 
ments.''* 

"The  arm  being  replaced  in  its  former  position,  we  s.iw  it  again  exe- 
cute A  similar  movement  on  scratciiing  the  skin,  in  the  same  manner  aa 
Itefore,  a  little  below  the  clavicle.  This  experiment  succeeded  four 
times,  but  eacb  time  the  movement  was  less  extensive  than  before ;  and 
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.flerward  the  scratching  of  the  skin  over  the  chest  prodiu-etl  only  con- 
actions  in  tite  great  pectoral  musele  which  hartUy  stirrer!  the  sirm." 
The  neck  had  been  severed,  in  the  nbuve  case,  at  adout  the  level  of 
the  fourth  cervical  vertchrju 

The  reflex  action  may  idso  be  seen  very  distinctly  iu  the  human  sub- 
ject, in  certatu  caseti  ofdiseuae  of  the  spinal  cord.  If  the  up])er  poitiun 
of  the  con!  be  diniutegratetl  Ijy  inflnijinuttory  sofleninjr,  *o  that  its 
middle  and  lower  portions  lose  tlnii'  iialural  connection  with  tlie  brain, 
paralysis  of  voluntary  motion  and  loss  of  acniiat^o^vnsue  in  :dl  parts 
of  the  iKxiy  Ixdow  the  seat  of  the  uinitotntual  lesion.  Under  these  con- 
dition.'*, the  patient  in  iiicapafile  of  making  any  muscular  exerlion  iu  the 
paralyzed  jiarts,  and  is  luiconsciouji  of  any  injury  <lorie  to  thi'  integu- 
ent  iu  the  same  regiou.  But  if  the  soles  of  the  feet  be  gently  irritated 
th  a  feather  or  with  the  jioint  of  a  neetUe,  a  convulsive  twiti^hing  of^ 
the  toes  will  often  take  place,  and  even  retractile  movements  of  the  leg 
and  thigh,  altogether  without  the  |>atient"s  knowledge.  Such  move- 
ments may  frequently  be  excited  by  aiiujilj'  allowing  tlie  cool  air  to 
come  suddenly  in  contact  with  the  loner  txtrcmities.  \Ve  have 
lepeatedly  witnessed  these  phenomena,  in  a  case  of  disease  of  the  spinal 
eoni,  where  the  paralysis  and  insensibility  of  the  lower  extremities 
were  Complete.  MaJiy  similar- instance*  have  been  reportetl  by  various 
authors. 

Physiological  Action  oftJn^  Spinal  Cor<l^  os  a  Neroovs  Cfinlre^  during 
health. — The  physiological  character  of  the  reflex  actioji  of  tlie  s[)in!d 
coni,  as  it  takes  place  in  the  healthy  comlitiou,  is  not  easily  brought 
under  observation.  In  animals,  uidcss  the  head  be  removed  or  the 
ipiual  cord  8e|)arated  from  tlie  biaiu,  the  reflex  and  voluntary  move- 
ments are  liable  to  be  cotiinumled  ;  and  in  man  during  health  the  phe- 
^^nomena  of  sensation  and  volition  are  »o  prominent,  as  lo  conceal  or 
^^pbscure  those  which  are  iierformed  independently  of  the  consciousness 
^^■nd  the  will.  Nevertheless,  the  latter  are  exceedingly  important,  and 
^^bauy  of  them  in  almost  constant  oj)eration. 

The  general  character  of  the  reflex  actions  of  the  spinid  cord  is  that 
they  teiul  unconsciously  to  the  dffencf  or  pi-fm-rvatwn  of  the  body. 
This  character  is  even  seen  in  the  simple  ex|a'riment9  i.)erfomied  upon 
the  decapitated  frog.  If  tiie  frog  in  tlii*  condition  be  Kuspunded  in  the 
ail'  by  its  anterior  extremity,  the  posterior  lindis  hang  downward  in  a 
|)erfecitly  relaxed  condition.  On  pinching  the  integument  of  a  loot,  or 
'  immersing  it  in  acidulated  water,  the  limb  is  drawn  upward  by  contrac- 
tion of  its  Hexor  muscles,  and  the  result  of  this  moxement  is  a  with- 
I  drawal  of  the  foot  from  the  source  of  irritation.  When  the  muscles 
relax,  the  limb  lengthens  until  the  foot  again  touches  the  irritaling 
liquid,  when  it  is  again  drawn  up;  and  so  on,  until  the  irritability  of 
the  conl  is  so  far  dimiuislied,  or  accustomed  to  that  ]jarticular  stimulus, 
that  it  no  longer  reacts.  In  this  cose,  therefore,  it  is  not  all  the  mus- 
cles of  the  leg  and  thigh  which  are  thrown  into  activity  by  irritaling 
the  skin,  but  only  tlie  flexors,  which  tend  to  with<lraw  the  foot  from  the 
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irritation  to  which  it  is  svibjccteil.     When  tin  irritation  is  applied  to  tliel 
skill  on  the  side  of  the  trunk,  it  is  commuu  to  see  a  hiiul  foot  applied  lo 
tliu  initiitoil  spot,  as  if  to  iirotccl  if  from  :i  repetiliou  of  the  Hliuiiilus; 
and   iji  sonu'  iiiKtauees  the  adaptation  of  reflex  iiiovemeuts  to  accuiti* 
plish  a  iletiuite  result  is  very  marked.     This  eutaiot  be  !ittribute<l  toj 
any  faculty  of  j>erceptioii  belonging  to  the  spinal  conl;  since  we  know, 
from  pittbolofjieivl  cases  in  man,  lluit  when  the  cord  is  separatetl  from 
the  bruin  by  «liseasc  or  injury,  the  parts  below  are  left  absolutely  with- 
out conscious  senfcibility  or  power  of  volition.     The  ebaractcr  of  tha 
nacjvenicnt  proflueed   therefore  depends   directly  uyton   the   anatoniicati 
stnu'tiireof  the  liiui)'*  and  the  nervous  mechanism  of  tlie  spinal   eonl. 
In  the  ease  of  retlex  action  observed  by  Robin  in  a  ileca()it:iteil  eritninul, 
the  etfect  of  gentle  irritation  of  the  skin  over  the  front  of  ihe  chest, 
was  a  simple  movement  of  flexion  and  iiiwani  rotation  of  the  arm  am 
fon'arm ;  mid  this    neeessariiy   brcnifriit  the  himd  near  the  point  In 
tiitt'd.     It  is  evident  that  the  eouncction  of  the  sensitive  nerve  fib 
with  motor  fibres,  through  the  f^ray  matter  of  the  cord,  may  be  such 
to  call  into  aot.ion  muscles  which  are  adapted  to  accomjilish  a  parliculi 
movement,  without  the  intervention  of  any  p*.'ree['tion  or  voluntary  i 
pulse.     This  is  the  character  of  the  refli-x  action  of  the  spiujil  cord. 

Asa  general  rule,  movements  of  flexifln  arc  a<]apte<l  to  protect  tb 
part  from  external  irritation  or  injury,  and  are  excited  by  oixlinaiy 
moderate  causes;  those  of  extension  are  calculated  to  rein-l  the  foreip:i 
Buiistanee  or  to  esca|>e  from  it  by  moving  the  wliole  body,  and  are  only 
called  out  by  an  unusual  or  excessive  attmuiua.  The  defensive  or  pro- 
tective character  of  these  movements  is  often  to  lie  seen,  in  a  state  of  i 
health,  when  the  brain  takes  no  part  in  their  prtidnction.  If  the  snrfai 
of  the  skill,  for  example,  be  unexpectedly  brought  in  contact  with  a 
healed  body,  the  injured  part  is  often  withdrawn  by  a  rapitl  and  con- 
vulsive movement,  before  we  feel  the  pain,  or  even  fairly  understand  tl 
cause  of  the  involuntary  act.  Wlicn  the  body  by  aii}'  accident  siuldenl 
loses  its  balance,  the  limbs  are  thrown  into  a  flexed  position,  calculated 
to  protect  the  exposed  parts  and  to  break  the  fall,  by  a  similar  invol- 
untary and  instantaneous  movement.  Notwithstanding,  therefore,  the 
evident  utility  of  these  actions,  they  have  no  intentional  character,  and 
there  is  not  even  any  distinct  consciousness  of  their  object. 

The  8|>inal  e()rd  has  also  an  i[n[)ortant  action  in  regani  to  the  attifmic 
and  to  locomotion.  The  preservation  of  the  nttitwde  alone  requires  U 
harmonious  action  of  many  ditferent  muscles,  all  of  which  contrilmtf 
ill  various  degrees  to  the  position  of  the  whole  body.  This  is  esijeciallv 
the  case  in  man,  where,  in  the  standing  posture,  the  body  is  balance 
upon  its  narrow  supports,  in  such  a  way  as  to  jireeerve  its  efitiilibrium 
without  attention  *a-  fatigue.  In  the  movements  of  locomotion  also,  the 
dilferent  flexors  and  extensors  of  the  ar.terior  and  posterior  limbs  are 
associated  in  a  manner  peculiar  to  each  species  of  animal;  and  in  m» 
the  balancing  of  the  body  requires,  in  progression,  a  still  more  ex' 
sivQ  combination  of  muscular  action  than  when  at  rest. 
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The  spinnl  cord  by  itself  in  not  eulllciont  to  proiluce  tlie  musoulnr 
RCtious  required  lur  standing  ami  loi-oniolion ;  Bincu  wc  kuow  that  tiny 
8Uil(kn  lesion  which  dft'ply  injures  the  bruin,  or  cuts  oil"  the  niedulla 
obluugatn,  or  divides  the  spiiuil  cord  ubovu  the  cervical  or  lumbar  cnlnr^e- 
inents,  either  in  niamniiilia  or  in  iiuni,  iustsuitiy  ikstroys  the  power  of 
stundiiig  upright,  or  of  making  any  ctlective  myvenients  of  locofnotion. 
In  the  frog,  ai:  attitude  very  similar  to  the  natural  one  is  often  pre8erve<l 
after  dectipitiition,  since  the  body  rents  by  moat  of  its  under  surface 
upon  the  ground  ;  nnd  the  contact  of  the  ititegiuneut,  through  the  relies 
action  of  tlie  spinal  conl,  brings  the  liniba  underneath  it  in  a  flexed 
position.  If  such  a  frog  be  held  susix-nded  in  the  air,  the  limbs  hang 
down  in  a  relaxe<l  condition,  and  again  assume  the  natural  attitude  of 
flexion,  when  replaced  in  contact  with  a  hard  surface;  and,  acconliug  to 
Poiucar^,'  it  can  someliuies  be  made  to  execute  a  series  of  leaps,  each 
concussion,  as  the  body  strikes  the  ground,  giving  a  fresh  stimulus  for 
another  reflex  movenu'iit  of  extension  in  the  limbs.  But  in  the  case  of 
the  frog  and  of  tliu  anijtliibiotts  refttilcH  genvralty,  the  muscular  actions 
require<l,  both  for  the  attitude  and  for  locomotion,  are  of  the  Bim]>lcst 
character.  In  the  wann-hlooded  quadrupeds  and  in  man,  on  tlie  other 
hand,  the  act  of  volition  is  essential  for  either  standing  or  progression; 
and  both  these  f>owers  are  abolished  by  cutting  off  the  communieatiou 
of  the  spinal  cord  with  the  bruin. 

But,  although  the  voluntary  impulse  is  necessary  to  produce  the  acts 
of  standing  or  walking,  it  does  not  seem  to  be  concerned  in  the  details 
of  their  mechanism.  Once  excited,  llie  nervous  action  by  which  walking 
is  accomijlished  may  be  kept  up  without  any  mental  effort,  the  attention 
being  diri'Ctcd  to  something  else.  All  we  have  to  do  is,  to  commence 
the  process  by  an  act  of  volition,  nnd  the  requisite  ner\'ous  nuichinery 
is  at  once  set  in  motion.  If  we  decide  to  turn  a  corner,  all  the  musodar 
combinations  necessary  for  that  purpose  are  elfecte^i  without  the  imme- 
diate intervention  of  the  consciousness  or  the  will.  This  secondary 
action,  by  which  the  different  motor  impulses  are  combined  in  the  limbs 
and  trunk,  is  muloubledly  dependent  upon  the  integrity  of  the  8[iinal 
cord. 

The  precise  mode  in  which  this  action  is  accomplished  is  not  positively 
ascertained.  Tlie  most  probai'le  exiilanation  at  present  known  is  that 
it  is  due  to  a  constant  reflex  activity  of  the  cord,  by  wliich  the  muscles 
in  diflerent  parts  of  the  body  and  limbs  are  kept  in  the  j>roper  degree 
of  tension  or  relaxatitm ;  and  that  the  difl'erent  parts  of  the  corrl  are 
united  with  each  other  for  ihis  puqwse  by  longitudinal  commissural 
fibres  which  enter  and  leave  its  gray  substance  at  successive  points. 
Some  authors  (Todd,  Vulpian,  I'oincar^)  adopt  the  opinion  that  the 
posterior  columtix  constitute  such  lonL>itudinal  commissures.  The 
reaaODS  for  this  opinion  are  not  fully  satisfactory,  since  anatomical 
..Investigation  has  thus  far  failed  to  show  what  is  the  actual  origin  and 
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tennination  of  tbe  longitudinal  fjlire*  of  tbese  ooluranB;  but  ther 
Bevcrai  fuels  wlik'h  give  it  u  slrojig  degree  of  probability.     Tbe  three' 
principal  rL-asous  in  support  of  thisi  x'mvr  are  as  Ibllowa : 

I.  The  poste-rior  colunitis,  as  fully  sliown  by  direct  exi^jriuient.  «re 
not  the  necrsbary  organs  of  trunauiissiou  for  either  stnsatiun  uv  volun- 
tary motii/n  ;  and  tlit-y  arc,  nevcitlii'les*,  compoBcd  of  nerve  fibres  wblcli 
run  in  a  luiigitutlitial  direction.  In  all  tbe  wliite  columns  of  the  conl 
in  tbt'ir  (ice]n,r  parts,  Trhere  tlicy  lie  in  contaet  with  tbe  gray  bubstanceJ 
there  are  obliqne  or  horizontal  fibres,  entering  or  emerging  from  tl 
gray  substajiee,  -which  may  either  belong  to  tbe  anlerioi"  and  posteriol 
nerve  roots,  or  iriny  be  coirunisburni  fibres  running  lengthwise  from  oni 
j)art  of  tlie  cord  to  tlie  ottier. 

II.  According  to  Yulj)ian/  if  the  posterior  columnB  be  divided  bj 
several  transverse  sections,  at  intcrvala  of  two  or  three  centimetres  di« 
tance  frciiri  eacli  otber,  the  effect  of  the  operation  is  a  singular  dinturl 
anee  in  tbe  power  of  locomotion,  like  what  would  be  proiluce*!  by  a  lo« 
of  harmony  in  luuscular  action. 

III.  The  most  inipoi-tant  fiicte,  however,  bearing  on  this  question,  arg 
those  connected  with  the  disease   in  man,  known  as  lorovwtor  atoxiaj 
l:i  this  afleetiou  there  is  a  remarkable  difHeidty  in  walking,  of  such  % 
cliarueter  that  the  patient's  natural  gait  is  akerei:!,  and  be  is  no  longer 
sure  of  his  movements,     lie  loses  more  or  less  the  power  of  equilibrium, 
attd  cannot  guide  bis  fof»t  to  a  particulnr  point  witliont  looking  at  itJ 
and  at  the  Bsime  time  nnikiiig  a  (lireet  effort  of  tlie  will.     Consequently:] 
lf>conintion,  at*  it  is  usually  performeil,  becomes  impossible;  and  yet  tlif 
patient  baa  not  lost  tbe  power  of  vokintary  movement  in  any  degr«H.%^ 
since  he  can  often  exert  as  much  muscular  force  as  ever  in  grasping  sn 
objeet  or  in  simply  piisbing  or  pulling  with  liis  legs  or  arms.     IJut  he 
has  lost  tbe  power  of  guiding  his  movements  by  an  involuntary'  eombi*! 
nation,  so  as  to  perform  with  ease  the  act  of  ordinary  locomotion.    U 
is  fi»r  this  reason  that  the  affection  is  called  "  ataxia,''  and  not  paralysis. 

In  this  disease  the  only  (nirts  of  the  nervous  system  which  are  always 
frmnd  to  be  affected  are  the  posterior  columns  of  the  spinal  cord.    Thejj 
are  the  seat  of  a  alriictural  degeni^ration  termed  "sclerosis,"  in  which" 
the  elements  of  tbe  connective  tissue  are  increased  in  quantit3'  ^^^  f^*?"-   , 
sitv,  while  the  nerve  (ibres  ai"e  alteretl  arid  atr(H)bied,  or  finally  disa|>i>ear^ri 
altogetlier.     According  to  Brown-Si'qnard,  an  alteration   limited   to  a^H 
small  extent  of  tbe  posterior  columns  does  not  nsindl}-  affect  the  volni]<- 
tnry  movements;  Imt  if  it  extend  for  a  few  inches  in  length,  in  either 
tbe  cervical  or  the  docso-lumbar  region,  it  always  causes  a  disturbance 
of  these  movements;  and  when  it  oerupies  the  whole  length  and  thick- 
ness of  tbese  columns,  tbe  patient  can  neither  stand  nor  walk,  although i 
while  tying  down  and  with  the  aid  of  vision  he  can  move  bis  liml 
freelv  in  any  direction. 
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thcr  important  action  of  the  spinal  cord,  as  a  nervous  centre, 
isists  ill  its  cuutrol  over  the  uphinvlerH  and  tbe  organts  of  eoacuatiun. 
\Vhili>  the  small  intcslint,  llie  eiectim,  ami  the  colou  are  nu|i|tlie«l  fx- 
_clusively  with  iiei  ves.  rroin  (he  aluh)uviiial  jjU'xuses  of  the  «}  uijmthetic 
irsteni,  the  lower  jxirtion  of  thti  rectum  reeeivi'S  brant-vhes  from  the 
icnii  |)lexu!«  of  s|iiunl  iK-rves,  which  are  distributeil  both  to  its  mucous 
iiiernbrniie  ami  its  inviseuhir  apjjarutus.  The  lower  )>art  of  tlie  large 
iutentine  ai-ts  in  great  iiifasure  ua  a  temporary  reservoir,  in  whicli  the 
feces,  brought  down  from  abme  by  peristaltic  luoveiiient,  accumulate 
tmtil  the  time  arrives  for  their  evacuation.  The  rectum,  la  man,  is 
iisufllly  empt}',  or  nearly  so,  until  *ihartly  before  evacuation;  and  wiien 
the  feces  lje*;iii  to  pass  into  it  IVom  alHuvc,  it  is  wtill  capable  of  retaiinng 
thejn  for  a  certain  periml.  'I'heir  retenticm  and  discharge  are  provi<lcd 
for,  in  this  part  of  the  alimentary  canal,  by  two  sets  of  mtiscular  fibres; 
namely,  first,  the  sphincter  ani,  which  keeps  the  oritice  of  the  anus 
closed;  and  secondly,  the  levator  ani  and  the  circular  fibres  of  the 
jvctuni  itself,  which  by  their  contraction  open  the  anus  and  expel  the 
ces.  Both  these  acts  are  regulated  by  the  reflex  influence  of  the 
spinal  coni. 

In  thu  natural  condition,  the  s|»hincter  ani  is  habitnally  in  a  stale  of 
contraction,  thus  preventing  the  e8ca|>e  ofllie  contents  of  the  intestine. 
i\ny  external  irritation,  applied  to  the  verge  of  the  anus,  causes  increased 
contraction  of  its  fibres  and  a  more  complete  occlusion  of  its  oritice. 
This  habitual  closure  of  the  sphincter  is  an  entirely  iiivolniitary  net,  as 
enieieut  during  prof«Jund  sleep  as  iti  the  waking  condition,  and  depends 
Upon  tbe  reflex  action  of  the  spinal  cord- 
But  when  the  rectum  is  distended  to  a  certain  point  hy  feces  passing 
into  it  from  above,  the  neiTous  action  changes.  The  impression  then 
piinbiecd  upon  the  mucous  membrane  of  the  rtHrttim,  conveyed  inward 
by  its  sensitive  nerve  fibres  to  the  spinal  cord,  causes  a  relaxation  of 
the  sphincter  ani.  At  tbe  same  time  the  levator  ani  draws  the  borders 
of  the  relaxed  orifice  upward  and  outward,  and  ihe  feces  are  exj)e!led  by 
the  contraction  of  the  muscular  (Ibres  of  the  rectcnii  itself. 

Both  these  actions  are  in  some  degree  aNSociate<l,  in  »  state  of  health, 
with  sensation  and  volition.  The  distension  of  the  rectum  which  pre- 
cedes an  evacualifui  is  usually  aecompanie<i  by  n  distinct  sensation,  and 
the  resistance  of  the  s]ihincter  may  be  intentionally  prrdonged  for  a  cer- 
lin  period.  But  this  voluntary  j^MJWer  over  the  muscular  contractions 
limite<i.  After  a  lime  the  involuntary  impulse, growing  more  urgent 
nth  the  increased  distension  of  the  rectum,  becomes  irresistible;  and 
the  tliftcharge  fin.'dly  takes  i)lace  by  simple  reflex  action  of  the  spinal 
conl. 

If  the  irritability  of  the  cord  be  exaggerated  by  disease,  while  its 
connection  with  the  brain  I'emains  entire,  the  distension  of  the  rectum 
is  announceil  by  the  usual  sensatiim  ;  but  the  reflex  impulse  to  evacua- 
tion is  so  urgent  that  it  caunot  be  controlled  i>y  the  will,  and  the  patient 
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is  compelled  to  allow  it  to  take  place  at  once.     The  discharges  are  then 

8ai<l  to  be  '^involuntary." 

If  the  cord,  on  the  otiier  hand,  he  injured  or  divided  in  its  mi<ldle  or 
np[)er  portions,  the  si-iiKilulily  and  vn)luiitarv  action  of  the  sphincter  are 
liwt,  because  its  connt.*etion  with  the  brain  has  been  destroyed.  The 
evacnation  then  tiikes  place  at  once,  by  the  ordinary  mec'hanisna,  as  »iKin 
as  the  rectum  is  filled,  but  without  any  knowledge  on  the  |)art  of  the 
pfltient.  The  discharges  are  then  said  to  be  *'  involuntary  and  uucon- 
scioud." 

Finalty,  if  the  lower  portion  of  the  cord,  in  the  living  nnimnl,  Iw  broken 
U]>  by  means  of  an  inslriimcut  introduced  into  the  spinal  canal,  the  tonic 
contraction  of  tlic  sjpiiinctcr  rini  at  once  <lis!ij)pears.  The  same  clfcct  is 
|)r<«lnc*"d,  in  nistn,  by  (hborganizution  of  the  lower  part  of  the  spinal 
cfird  from  injury  or  disL-aso,  The  sphincter  ani  is  then  [x^rraanently 
relaxed,  and  tLie  feces  are  evacuated  almost  continiiouEily,  witliout  the 
kncjwleilge  or  contml  of  the  p:ttient,  as  fast  as  they  descend  into  the 
rectum  from  the  uiiper  portitms  of  tlif  intestinal  canal. 

The  itrinary  bladder  is  also  an  orgitn  Itoth  of  reservoir  and  evacua- 
tion, which  is  |irt>tectcd  by  the  circular  bundle  of  muscular  fibres  at  the 
cotnnicncemeut  of  the  urethra,  kni>wn  as  the  "  flphineter  vesicte."  While 
the  nerves  distributtd  to  the  kithieys  are  derived  exclusively  from  the 
cicliac  plexus  of  the  s_v  aijjatht'tic  system,  those  of  the  bladder  consist 
partly  of  sympathetic  filaments  from  the  mesenteric  ganglia,  an<l  partly 
of  cerebro-8|.nna]  fifjitiients  from  the  Innibar  portion  of  the  spinal  cord, 
both  of  these  sets  having  united  in  the  abdomen  to  form  the  hypogastric 
plexus. 

The  tonic  contraction  of  the  vesical  sphincter  during  health,  by  which 
the  urine  is  retained  in  the  bladder,  is  a  continuous,  involuntary,  and 
uucniiscious  act,  like  tlint  of  the  sphincter  ani.  When  tlie  lime  comes 
for  evacuation,  the  sphincter  is  relaxed  by  a  voluntary  impulse,  and  the 
muscular  coat  of  the  bhulder  contracts  so  as  to  expel  its  contents;  but 
idllioiigh  the  comnu-nccmcut  of  this  process  is  a  voluntary  one,  the  sulv 
setiuciifc  contraction  of  the  musculnr  walls  of  the  liladder  continut-s  with- 
out tiny  effort  of  the  will.  According  to  tlii"  experiments  of  (iiiuuiuzzi' 
on  dogs,  irritation  of  the  lumbar  portion  of  the  spinal  conl  by  pricking 
with  a  steel  needle,  causes  contraction  of  the  urinary  bladder ;  ami 
.these  contractions  are  no  longer  pro<luccd  after  division  of  the  roots  of 
the  sacrjd  nerves,  irritation  of  either  the  syoi[)athetie  or  the  spinal 
nerve  iilnmcuts  going  to  the  hypogastric  jdexus  ]iroduced  contraction 
of  tlie  bladdiT,  but  these  contractions  were  more  energetic  in  the  latter 
ease  thuu  in  the  former. 

Diseases  or  injuries  of  the  8|.innl  cord  wliich  cause  cnmplete  para- 
plegia, nho  usually  produce  a  paralysis  of  the  bladd'-r.  So  far  as  re- 
gards contraction  of  the  bladder  itself,  therefore,  this  act  is  under  the 
influence  both  of  the  sympathetic  and  eerebro-spinal  systems;  but  its 
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most  energetic  Btimuliis  is  derived  fruin  the  spinal  curd   tlirangb  the 
Bacriil  nerves. 

The  closure  or  relaxation  of  the  sphincter  vesicae,  on  the  other  hand, 
is  regnluted  by  nervmiH  iiHiuences  eoiniiig  from  the  cerebro-spinnl  sys- 
tem alone.  The  contraction  of  tlic  s|.)liiiicter  offers  a  resistauee  to  the 
escajxj  of  lluiil  from  the  bladder,  which  may  be  ineaaured,  and  which 
was  found  by  Kiipressow,'  in  the  rabbit,  to  l)e  e<|iial  to  tlie  prettsure  of 
a  column  of  water  ruuie  tban  40  cetitiinctres  in  height.  That  iw,  if  in 
the  living;  animal  one  of  tlie  ureters  were  closeil  by  a  ligature,  and  an 
upright  tube  fastened  iu  tiie  other,  the  bladder  aiul  the  upright  tube 
inifTJit  be  filled  with  water  to  a  height,  on  the  average,  of  44  centimetres 
without  any  of  it  escaping  by  the  urethra;  beyond  Ihat  point  the  con- 
tractile power  of  the  sphincter  was  overcome,  and  the  water  was  dis- 
charged by  the  urethi'al  orifice. 

The  ex]verinjents  of  Kiii>res8ow  also  show  that  the  nervous  centre 
u]Kiri  which  the  Bphineter  vesioie  depends  for  its  retlex  Ktinnilus  in  in 
the  lumbar  portion  of  the  i%pin.il  cord.  For  if  the  cord  were  divided  at 
the  level  of  the  first  or  second  lumbar  vertebrie,  no  ditt'erence  was  per- 
cej)tible  in  the  amount  of  resistance  to  jneasuie  offered  by  tbe  sphincter; 
and  sections  at  the  levels  t>f  tlie  third  and  fourth  lumbar  vcrteLrw  made 
a  difference  of  only  two  cenUmctres.  But  if  the  Kction  of  the  curd  were 
made  at  the  fifth  lumbar  vertebra,  the  resistance  of  the  sphincter  was  at 
once  reduced  to  14  centimetres;  and  the  same  elfect  was  produced  by 
section  at  the  sixth  aiul  seventh  vertebrie  of  the  same  region.  The 
tonic  contractinii,  tliercfore,  of  the  sjyhincter  vesicjB,  although  it  may  l>e 
aided  by  an  stct  of  volition,  is  directly  dependent  upon  a  nervous  centre 
situated,  in  the  rabbit,  about  tlie  n\iiitUe  of  the  lumijar  portion  of  the 
spinal  cord ;  since  this  contraction  persists  after  the  cord  has  been 
separated  from  the  brain  by  a  section  at  or  above  the  fourth  lumbar 
vertebra,  while  it  disapjjcars  if  the  section  he  maile  at  or  below  the  fifth 
lumbar  vertebra,  thus  either  destroying  the  nen'ous  centre  itself  or 
culling  off  its  communication  with  the  bladder. 

Both  the  retention  ctf  the  uriue  in  the  bladder  and  its  evacuation  ni.iy 
also  be  accomplished  wltlnjut  the  aid  of  any  voluntary  act.  This  is 
shown  by  tbe  experiments  of  Goltz,*  who  found  tliat  after  division  of 
the  spinal  cord,  in  dogs,  between  the  dorsal  and  lumbar  regions,  the 
animals,  though  deprived  of  seuwibiiity  and  voluntary  motion  in  the 
posterior  |mrls  of  the  body,  could  often  retain  their  urine  for  a  con- 
siderable time,  and  also  evacuate  it  by  a  regidar  and  forcible  contrac- 
tion of  the  bbvlder. 

In  man,  when  the  senRibility  of  the  mucous  membrane  of  the  bladder 
or  neighboring  parts  is  increase<l  by  iiiUammalion,  the  reflex  im]ndse  to 
micturition  is  Iticreased  in  intensity,  producing  an  intolerance  of  urine. 
Under  these  circumstances  the  urine  la  discharged  by  a  reflejt  act  as 


'  Arrhiv  rUr  die  ppRamnitp  Physinlnpie.     Bonn,  1872,  Band  v.  p.  291. 
*  Archiv  fUr  die  gesaniiute  Pliysiologic.     Bonn,  1874.  Bund  viii.  p.  474. 
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soon  as  a  small  quantity  of  it  has  accumulated  in  the  bladder.  "^^^ 
impression  wtiich  t'xdtcs  tliis  tiiscfiarge  is  accorapanied  by  a  coiisc'*"*' 
sensation,  but  i»  too  urgent  to  lie  resisted  by  the  will. 

Oil  the  other  hand,  injury  or  destruction  of  the  spinal  cortl  in     ^^^* 
tiorsal  region  may  cut  otF  all  aeusilrtlity  and  voluntary  power  over*   ^ 
bladder,  and  yet  tlie  organ  may  Ive  cvncuat«d  at  regular  inten*al 
the  reflex  action  of  the  lumbar  jiortion  of  the  cord.     But  in  disease 
injuries  allccting  extensively  the  lower  portion  of  the  conl,  a  coinp 
pni'alysis  of  the  bladder  is  otlen  produced.     The  patient  isconsequei 
unable  to  discharge  his  urine  in  the  onliiiary  way,  and  requires  to 
relieved  by  the  introdnetiou  of  a  catheter.     Jf  this  be  not  done,  f 
urine  accumulates  in  the   bladder;   being  retained  for  a  time  by  t 
elastic  tissues  surrounding  the  neck  of  the  blndder  and  the  urcthi 
But  after  the  distension  of  its  walls  has  readied  a  eertnin  point,  I 
mechanical  resistance  of  the  blailder  lK?come8  too  great  to  allow  a'""^^"    ' 
further  accumulation;  and  the  urine  dribbles  away  from  the  urethra  .^      ^ 
fast  as  it  is  excreted  by  the  kidneys.     Paralysis  of  the  bladder,  accorci"^^''^ 
ingly.  first  causes  a  pennauent  distension  of  the  organ,  which  is  afle:^^  "^ 
ward  fijllowe<l  by  a  continuous,  j)assive  and  incomiilete  discharge  of  itfe*- 
contcnts. 

The  spinal  conl,  therefore,  in  its  oharatiter  os  a  nervous  centre,  exerts 
a  general  protective  iirfluence  over  the  whole  body.  It  presides  ov«r 
the  involuntary  movements  of  the  limits  and  trunk;  it  supplies  the 
requisite  nervous  connection  between  diMerent  mtiscular  actions  fur  the 
attitude  and  locomotion  \  and  by  its  control  over  the  muscular  appa- 
ratus of  the  rectum  and  bladder,  it  regulates  the  accumulation  and 
discharge  of  the  e^cruiuentitious  products  of  the  system. 


Thk  brain,  or  encephRloii,  comprises  nil  tliat  portion  of  tlie  eerebro- 
Rpinal  axis  which  i'^  contained  within  the  cavity  of  the  ernnium.  It 
consists  of  a  variety  of  nervous  centres,  or  eollectiona  of  gray  substance, 
connected  with  each  other  and  with  that  of  tiie  si>iiial  eonl  by  tracts  of 
long^itudinal,  ti'ansverse,  oblique,  and  radiating  nerve  fibres.  The  residts 
of  ex |»cri mental  investigation  leave  no  dyubt  that  each  one  of  these 
ditferent  nervous  centres  has  a  special  function,  more  or  less  independent 
of  the  others  in  its  immediate  action,  though  necessarily  connectetl  witli 
the  rest  in  the  production  and  cxtenial  manifestation  of  the  nervous 
phenomena.  They  are  situated  n|»on  Inith  sides  <>f  the  median  line,  and 
are,  for  the  most  pari,  evi«lently  arranged  in  symmetrical  (tairs,  like  the 
hemispheres  of  the  cerebniili,  the  cerebral  ganglia,  the  olfactory  lobes, 
the  tubercula  quudriffeiiiina,  and  the  two  iialves  of  the  cereltellum.  The 
largest  of  these  nervous  centres,  forming  in  man  ne4»r]y  f«jnr-titllis  of  the 
mass  of  the  entire  brain,  are  the  two  convolute<l  masses  known  as  the 
"hemispheres"  of  the  cerebrum. 


The  Hemispherefl. 

The  hemispheres  form  two  ovoidal  masses  of  nervous  matter,  flattened 
against  each  otlier  at  the  median  line,  where  they  are  separati-d  by  the 
great  longitinlinal  fissure,  corresponding  to  the  i>o8tennr  rtie<Han  fissure 
of  the  spinal  cord,  and  presenting  on  their  lateral  surfaces  a  general 
rounded  or  hemispherical  form,  whence  their  name  is  derived.  They 
consist  externaily  of  a  layer  of  gray  nervous  »nl»tance,  and  inlernally 
of  a  mass  of  white  sidistatice,  tlie  fibres  of  which  ma3-  be  said  in  general 
terms  tt»  radiate  from  the  cerebral  ganglia  (corpora  striata  and  optic 
thalami)  toward  tlve  cortical  layer  of  the  hemispheres.  The  external 
layer  of  gray  substance,  and  consequently  the  surface  of  the  hemis- 
pheres, is  thrown  into  numerons  fobls  f»r  cinivolnltons,  which  are  sepa- 
rated from  eaeh  other  by  tissures,  generally  from  10  to  25  millimetres 
deep.  These  fissures,  like  the  great  longitudinal  fissure  in  the  mcnlian 
line,  are  simply  spaces  where  the  oi>|H)site  surfaces  of  two  adj.nccnt  con- 
volutions lie  in  contact  with  each  otlier;  and  they  indicate  the  points 
at  which  the  external  layer  of  gray  matter  <lips  down  tow.inl  the  interior, 
to  return  ui«>n  itself  and  form  the  next  convolution.  The  larger  quan- 
tity of  gray  substance  is,  therefore,  sitiiate^l  at  the  lissnres  rather  than 
at  the  projecting  edge«  of  the  convolutions  Ijctween  them  ;  and  the  more 
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numerous  nnd  deeper  the  fissures  u\K>n  the  surface  of  a  brain,  the  gr«sti!f  ] 
is  tbi'  lunouut  of  gray  BubsLnnfe  which  it  contulDS. 

Although  the  ct'rebral  lissurL-s  antl  convolutious  are  never  all  precieclj 
tlie  same  iit  any  twu  bruins,  our  even  exactly  symmetrical  in  the  twoJ 
hemisjiheres  ol"  a  single   bniiu,  yt't  the  ix'incipal  ones  are  8i^ilicii*ull^| 
coll^t:lnt  to  be  regarileil  as   essential  features  of  the  organ ;    and  tb 
reiuiiiuder,  whilu  varying  within  certain  liinits.esliibit  a  general  arraii;{fr] 
mont  which  is  chsirnctL-risticuf  the  spvcii'sof  animal  to  which  they  belong, , 
Jn  man  they  atttiin  a  very  hiLjh  degree  of  develoimienl ;  and  their  noHjeO" 
clature  is  important  as  enabling  us  to  recognize  dilferent  p&rta  of  tlMj 
cerebral  surface. 
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PLAR    of     the    FlBBmCB    A»D    COW  V  O  I.  f  T  I  O  N  8    OW    THB       BVWAK     BlIAUI.^Tllf 

flt»urei  are  i)riignnt€-<l  by  Icttprr,  the  convolullona  by  Diimbcn.    S    VUsure  of  t>ylTiui;**_ 
Anterior  nsccnillriR'   brnncli;   b.  Posterior  Iiorizoiitnl  hrnnch.     R.  flisure  of  KotnndOi    t\ 
Pirielnl  n«»ur(>.    I.    V'lmt  rriuilal   convolullnn.    2.   Sccoiul   frontiil   ronvoluliciii     S.  T)>U 
frontnl    cuiivolutioii.    4    Aiitertar  coiilrnl   ronvolutiou.    6.    Poiitcrior   ceotrnl   conrolilttot 
6.   Suprn-Sylviaii,  or   (iu|irjii-ai,nrgiitil   cruivolulliui.     7.  Supprinr   t<^iii|iur)il   ronrolutinn. 
Aniculnr  cottvolulloii.     D.  MliliUr  trmjiornl  cniivulutlon.     10    Inferior  temporal  eooTolutlcrt 
11.  VlT"  pnrlirtnl  convolution.    IS.  Uccl|)itiil  coavulutloui. 

Next  in  importance  to  tlie  gn'tiL  lungitndinnl  fissure,  which  separnt 
the  two  hcmisphere.s  npoii  the  merlian  line,  is  the  Fiasiire  oj'  Syloius  (S 
This  Is  a  much  deeper  cleft  than  the  others,  and  exists,  according 
J'rof.  Wilder,  in  the  brnins  of  nil  aniranis  where  the  cerebnil  «<nrface 
fissured  nt  nil.  hi  the  iiumnn  fcetiis  it  is  the  first  to  appear,  l»eing  vi 
ble  as  early  as  the  third  mouth  ■  and  in  tlie  »dutt  it  forms  a  basis  foi 
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rhole  geogniijlik'iil  division  of  the  liuniibhorus.  It  foinmenccs  as  a 
transverse  in<l(!iitutlon  on  the  under  BUiiace  uf  the  brain,  running  thence 
outwjird,  liaekwanl,  and  iiivward,  thus  lorming  the  anterior  lininKlnry 
ol'  tilt;  middle  or  teiujjond  lobe.  In  llie  inferior  aniiuids,  the  whole 
heniiuphere  ia  seen  to  be  curve<l  round  this  fisBure,  the  convolutions 
generally  following  itn  course  aitd  btndiug  round  its  upper  extremity  in 
»n  nrche<l  form;  and  in  the  human  brain  tJiis  arrangement  of  the  lateral 
convolutions  is  also  distinctly  visilile. 

On  the  outer  side  of  the  etrebral  hemisphere,  where  it  emerges  from 
the  base  of  the  braiti,  the  fissure  of  Sylvius  presents,  in  man,  two  dis- 
tinct branches,  nanuly  a  »hort4?r,  anterior,  UHcending  branch  («),  and  a 
longer,  p<ist.erior,  more  horizontal  blanch  {b^b,b).  At  its*  middle  and 
anterior  i)ortions,  this  fissure  in  very  deep,  and  conceals  within  its  folds 
a  projecting  group  of  short  radiating  convolutions,  belonging  to  the 
un<ler  surface  of  the  brain,  between  the  anterior  aiul  temporal  lubes, 
called  the  "Island  of  Reil/' 

The  second  fissure  in  importance,  visilile  upon  the  convexity  of  the 
hemisphere,  is  the  Fiitsure  of  Bolando  (K).  This  fissure  runs  from 
near  the  median  line  transversely  outward  and  somewhat  obIi<pU'ly  for- 
ward, reacliing  nearly  to  the  niiddle.  of  the  fi>sure  of  Sylvius,  nn<l  form- 
ing the  Ixiundary  line  between  the  fiontal  and  parietal  portions  of  the 
hemijiphere.  It  is  bonfered  by  two  convolutions,  one  on  each  side, 
rwnnitig  parallel  with  itself,  namely,  the  anterior  ond  posterior  central 
convolutions  (4,  5J- 

The  third  principal  fissure  ia  the  Parietnl  Fifsiire  (P).  It  starts 
from  iromeiliatcly  behind  the  p<isterior  central  convolution^  and  runs 
backward  through  the  parietal  porlion  of  the  hemisphere,  curving  some- 
what downward  npon  itself  toward  its  jtosterior  extremity,  tlutside 
and  Ix'low  it  are  the  archeil  convolutiftns  about  the  flsBure  of  Sylvius; 
inside  and  above  it  is  a  con\olution  running  parallel  with  the  great 
longitudinal  fissure. 

Beside  the  three  fissures  just  named  there  are  five  others,  which,  though 
less  deep  and  strongly  mnrke<l,  are  constantly  present  and  show  a  con- 
siderable regularity  in  their  ]>osition  and  arrangement.  Three  of  them 
are  in  the  anterior  or  frontal  lobe,  in  front  of  the  fissure  of  Rolando. 
The  first  runs  parallel  with  the  fi^sure  of  Rolando,  and  a  little  in 
advance  of  it,  toward  the  anterior  extremity  of  the  Juniispliere.  It  is 
called  the  "pra'central  fissure."  The  secoml  runs  through  nearly  the 
whole  length  of  the  frontal  lobe,  in  a  general  direction  parallel  with 
that  of  the  great  longitudinal  fissure.  It  divides  the  upper  from  the 
middle  portion  of  the  Irrmtal  lobe,  and  is  calletl  the  '•  sujK'rior  InmUd 
Assure."  The  third  is  the  ''inferior  rrnntal  fissure,"  and  surrounds  the 
upper  ond  of  the  short  ascending  hrancb  of  the  fissure  4if  Sylvius.  The 
two  remaining  fissures  of  this  grade,  visible  in  a  lateral  view  of  the 
brain,  are  situated  in  tlie  temporal  lobe,  below  nnd  behind  the  fissure  of 
Sylvius,  with  which  they  rtuj  in  a  general  parallel  direction. 

In  addition  to  the  fissures  already  described  there  are  many  others 
31 
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of  secoudary  importance  and  more  ii-reguhir  in  location,  which  incrvus*' 
thf  convolutL'<l  iispt'ct  of  the  cerebral  surract.'.  lSoiqo  of  tlieai  riiu  lougi- 
tmUrially  along  tltu  middle  of  a  couvoluliuii,  dividing  it  into  two  nar- 
rower parulk'l  Iblda-,  and  some  of  them  pass  transversely  from  one  of 
tlie  luuiu  Gssiires  li*  auother,  appenring  to  cut  across  iLe  iu|frvtiiiiic 
Convolution.  lUiL  in  iiiauy  iusliuices,  if  the  nracluiuid  and  pia  iiiutt-r  Ik- 
removed,  it  will  be  found  that  tliese  secondary  Qssures  are  merely  sui>fi» 
ficial  indentations  on  the  surface,  or  furrows  for  the  accommodation  of 
a  vascidur  hraneii;  and  that  they  do  not,  like  the  others,  penetrate  dccplv 
iulu  the  subHtiuict'  of  tht!  brain. 

The  principal  convolutioua  to  he  distinguished  on  the  convexities  of 
the  hemis|jhere8  are  as  follows: 

The  i'Vrwi  Fruiiial  Convolution  (\)  rvnis  from  the  upper  end  of  ihe 
anterior  central  convolution,  just  in  front  of  Itic  commencement  of  llic 
fissure  of  Rolando,  forward  along  the  edge  of  the  great  longiluiiinal 
fissure  to  the  anterior  extremity  (if  the  tVontid  lobe,  where  it  ltend» 
downward  and  backward,  tt-i-minating  below  in  a  straight  convolution 
next  the  median  line,  and  resting  n[ion  the  u]i])tr  surface  of  the  orliitaJ 
piate.  This  convolution  is  divide<l  and  folded  in  many  ways  hy  secon- 
dary transverse,  oMique,  and  longitudinal  flssures,  but  its  general  direc- 
tion is  easily  recognized.  It  is  bounded  externally  by  the  superior 
frontal  fissure. 

The  Htcond  Frontal  Convolution  (2)  also  takes  its  origin  at  the  anterior 
central  convolution,  from  which  it  is  more  or  less  completely  separuteil 
by  the  pnecentral  fissure ;  tlicnce  running  <lownward  and  forwartl  over 
tlie  anturior  and  lateral  \>wl  of  the  frontid  lobe.  This  is  the  widest  «)r 
the  three  frontal  convolutions,  and  the  most  abundantly  variegate*!  by 
secondary  folds  and  flssures.  It  is  separated  from  the  first  frontal  con- 
volution by  the  superior  frontal  Assure,  and  from  the  tliird  by  the  inferior 
frontal  fissure. 

The  Third  Frontal  Canvolufion  (3)  is  situated  at  the  lower  and  outer 
part  of  the  frontal  lobe,  and  curves  round  the  anterior  ascending  bnuich 
of  the  fissure  of  Sylvius.  It  coramunieatea  ])osteriorly  with  the  lower 
eml  of  the  anterior  central  eonvohilion,  and  by  this  p<jrtion  of  its  sulr- 
stance  helps  to  cover  in  and  coticoid  the  island  of  Keil  at  the  bottom  of 
the  fissure  of  Sylvius. 

The  Anterior  Cfntrnl  Conunluthn  (4)  runs  transversely  outward  and 
forward  along  the  front  e<^lge  of  the  Assure  of  Rolaiuio.  It  is  usually 
a  single  cotivolution,  but  is  more  or  less  folded  hiterally  by  transverse 
indentations.  It  couuiiunicatt's  with  the  first  frontal  convolution  above 
and  with  the  thinl  frontal  convolution  below.  It  also  curves  round  the 
low-er  end  of  the  fissuri'  of  Kolamlo,  to  unite  witlj  the  following  convo- 
lution, which  may  Ih'  said  to  be  a  continuation  of  it. 

The  Poitfrrior  Central Conmlution  (5)  also  runs  parallel  with  the  fissure 
of  Kolnndo,  but  beliind  it.  Above,  it  turns  backward  and  is  continuous 
with  the  convolutions  of  the  upj>cr  part  of  the  parietal  lobe. 
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The  Supra-Syh-'ian  or  Supra-viatginnl  Conrobdion  (0)  starts  from  the 
iowi.1- end  ol'  tlif  pusU-riur  ct-ntial  rt)tivuluti(nx  tuiil  tlit'iiciL'  arches  rournl 
tlic  extremity  of  Ibe  tiHsiire  of  SjivUis.  It  tlu'ti  conlimies  its  eurviliueur 
course,  running  <lownward  nnd  furwanl,  parallel  with  the  iuferiyr  margin 
of  the  fi^Huro  of  Sylvius,  toward  the  anterior  extremity  of  the  ti-mpornl 
lobe.  In  this  sitiuitJon  it  is  known  as  tht  Fir>it  Tcutjxtral  Convoliilion  (7). 
'riiroughout  its  course,  it  is  gL'uerally  divided  ii>tu  two  i)ar!illel  convolu- 
tiourt  by  a  seeondary  fissure  running  along  its  axis,  and  both  of  these 
iseeiindary  con  volutions  are  more  or  less  folded  tratisversdy. 

The  Angular  Hon  i^olution  (8J  originates  from  the  preeediiig  and  follows 
the  interior  edge  of  the  parietal  fissure  liackwanl  to  its  posteiiurextrendty, 
where  it  makes  n  rather  sharp  turn  <lowuward  and  forward,  whence  its 
name  of  the  "  angular  convolution."  it  then  becomes  continuous  with 
t!ie  Second  Tfwjxjrul  Convolution  (!))  running  downward  and  forward  to 
tlie  extremity  of  Uic  tenipond  lobe.  Below  tliii*  portion,  and  running 
piirnllel  with  it,  is  the  Third  Temporal  Convolution  (10)  which  forms  the 
inferior  bonier  oi   the  temporal  lolic. 

The  Uppfr  ruruUil  Con  volution  (11)  is  situated  above  the  jwirietal 
fissure,  between  it  and  the  ]»osterior  ]);irt  of  the  great  huipritudinal 
fissure.  Like  the  coiTcsponding  frontal  convolutions,  it  is  mneb  divided 
by  irregular  secondary  ftddings,  and  is  connected  with  other  convolutions 
whieii  are  concealed  within  the  great  longitudinal  fissure.  There  are  also 
a  number  of  Orri2nlalCanvolulit>nx{\'-2)^\n)i\\  lougitudiunlmMl  tnmsverse, 
but  these  are  not  conspicuous  in  a  lateral  view  of  the  cerebral  hemi- 
spheres. They  are  more  or  less  continuous  with  the  upper  [»!irieta!  con- 
volution above,  iiud  with  the  second  and  third  tem[M)raI  convolutions 
below. 

On  a  transverse  horizontal  seelton  of  the  brain,  the  convolutions  arc 

i?n  to  penetrate  into  its  substanfc  for  varying  distances  at  ditferent 
regions.  In  the  anterior  nnd  posterifir  parts  the  foldings  are  more 
nearly  regular  in  depth,  an<l  leave  a  comparatively  tliick  la3er  of  white 
substance  l»etween  the  cerebral  ganglia  and  the  gny  matter  of  the  con- 
volutions. But  at  the  sides  of  the  brain,  at  the  situation  of  the  fissures 
of  Sylvius,  the  convolutions  reach  to  a  much  greater  depth.  The  cere- 
br:d  ganglia  jirc  placed  on  each  side  the  medinn  line,  near  the  centre 
of  the  brain;  the  corpora  striata  being  separated  from  each  other  ante- 
riorly by  the  septum  lucidum  and  the  cavity  of  the  lateral  ventricles, 
nnd  the  two  optic  thalnmi  being  sepurate<l  in  a  similar  manner  by  the 
cavity  of  the  thinl  ventiiele,  except  where  tiiey  are  united  by  the  sofl 
commissure. 

The  optic  thnlami  (Fig.  ITiT, ,)  are  surrounded  on  their  outer  borders, 
and  Hejjnnited  from  the  corpora  striata,  by  a  band  of  white  substance, 
the  internal  cnjniuli'  (,,)  consisting  of  fibres  passing  upward  from  the 
erura  cerebri.     The  corpora  striata  (,.,)  form  on  each  side,  at  tlieir  in- 

ior  portions,  a  continuous  mass  of  gray  substance ;  but  for  the  greater 

irt  of  their  thickness  tliey  are  divided  into  two  parts  by  a  tract  of 

bstauce,  continuous  with  the  internal  capsule,  and,  like  it,  COQ- 
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listing  of  bundles  of  flS(:>ending  fil>re9  dtrive<i  fi'om  the  crura  oen-bri. 
TbL!  nDUrior  jnul  iiMJie  iiituiunl  of  tlio  two  parts  into  which  the  corpus 
slrifitmn  is  tlius  ilivitlctl  is  Lhe  caudate  nucleus  (  t)i  so  called  becaust  a 
horizontal  Bectioii  through  its  uppeimost  portion  exhibits  a  sleiuler, 

Fig.  167. 
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HonizOTAL  Sectipi*  o»  thb  II  If  VAX  llBAiK,  lit  IhP  level  of  Ih^  cc-n-tirsl  kmiitIU, 
—1,2.  AnltTior  nod  puittrrlur  portiunM  oMhp  f^rrnt  Inngituilliml  fi««urc.  S,  4.  Anlerlor  lOil 
pDHierlor  pnrlti  of  tlip  cnTpuH  cftlJoBum.  ft.  KlsBure  ofRylrlua.  0,  Ite^lnnlng  of  the  cuavolU'l 
Wnns  of  ttip  IkIaikI  of  Kcll.  I,  B.  V.tixprxn  »trintum.  T.  Cxudnto  nuc-lruii.  6.  LfTOticuUr 
nuclciii.    0.  Optic  thstntiiut.    10.  lotcrnnl  cnpsulc.    11.  Kxler&Ml  cnpitule.    12.  Cluudnun. 


tail-like  prolnnpntion  in  a  Imckwnrd  direction ;  the  posterior  and  more 
Intei'ftl  part  is  ealleil  the  hnlitular  «i/(7rj/#(j),  from  its  having,  in  a 
Beotion  iit  ita  mid-level,  a  tolernbly  reg'ular  lens-like  fignre.  Both  th 
optie  thnl.'imiis  and  tlie  corpus  stri.ntnm  are  traversed  bv  slender  bundles 
of  (ibri'H,  visible  to  the  nnked  e3e,  ur>d  wliieh  have  a  generally  radialing. 
direction  upward  and  ontward. 

The  outer  surftiee  of  the  lenticular  nueleus  is  inclosed  by  a  thin  layer 
of  white  substance,  tlie  crternal  rnpnulu'  (^j)^  in  whiih  is  also  to  be 
seen  a  very  narrnw  bund  of  iMolatid  tjray  sulistanee,  termed  the  **  elnus- 
trum"  (ub  At  this  situation  the  hiyer  of  gray  suhstanee  at  the  lK>ttom 
of  the  fissure  of  Sylvius  is  separated  from  the  corpora  striata  by  only  a< 
very  narrow  interval ;  and  the  fibres  running  outward  and  downward 
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om  thpsG  brxlip*  wouI<?  rcnch  nlliiuet  im mediately  the  convolutions  of 
the  IblniKl  or  Kc'il. 

Intimate  Slrudnre  of  the  Jlt^minphfrea. — As  Uio  longitudinal  tracts 
of  white  subistnitcc  pass  u[iW!U(l  nnd  Ibiwaid  lYoui  the  tiifdullji  oblongata 
and  liilifr  jiimulnn'  to  the  banc  of  the  humispherus,  they  I'orm  the  two 
irivgularly  cylindrical  masses  known  as  the  "  crura  cerebri."  Their 
Obres  plunge,  for  the  most  part,  directly  into  the  Si.ul>8tanee  of  the  cor- 
pora striata  in  front,  ami  i>f  the  optic  thtiiami  lieliind  ;  whik*  from  these 
two  pairs  of  ganglia  other  libves  emerge  into  the  white  substance  of  the 
hemispheres.  A  portinn  of  the  tlLjres,  however,  coming  frum  the  crura 
cerebri,  pass,  according  to  VulpiHii,  Henle,  and  Meynert,  uninterruptedly 
onward,  in  the  inlernMl  capsule  between  the  nptic  thal.Tmus  and  corpus 
«triattini,  and  l)etween  the  two  nuclei  of  the  corpus  striatum  ;  thus 
reaching  the  white  sulistance  of  the  hemispheres  without  having  tra- 
versed the  gray  matter  of  the  ganglia. 

Fruiii  this  level,  that  is,  above  and  outside  of  the  cerebr.il  ganglia,  the 
aseenrling  divergent  tracts  of  white  substance  form  a  spreatUug  crown 
of  nerve  fibres,  which  radiate  in  all  directions  to  the  layer  of  gray  suU 
sUince  on  the  exterior.  These  fibres  are  of  very  small  size,  as  compared 
with  tliose  in  the  peripheral  ])ortion  of  the  nervous  s^'stem ;  their  aver- 
age diameter,  aeeonliiiii  to  Kolliker,  being  4.5,  autl  none  of  them  being 
larger  than  fi.T  micro-millimctres.in  thickness, 

Tlie  general  direeti^m  of  the  radiating  nerve  fibres  is  easily  seen,  in 
brains  lianlened  in  alcohol,  to  Ix*  that  describe<l  above.  At  the  same 
time,  microscopic  exiimination  sliows  that  they  are  abundantly  mingled 
witlj  otlier  fibres  which  criiss  them  at  right  angles,  <^r  nearly  so,  antl 
which  are  to  be  found  more  or  less  In  every  portion  of  the  whitt-  sub- 
stance of  the  hemispheres.  These  horiz<intal  or  curvilinear  cross  fibres 
are  derived  in  great  measure  from  the  lateral  expansions  of  the  corpus 
co//oj»wtH,  the  transverse  fibres  of  which  spread  out  in  various  tlireo- 
tions,  bending  toward  the  convolutitms  of  the  upper,  middle,  and  biwer 
part  of  the  hemispheres.  As  these  fibres  come  from  the  medi.nn  line  at 
the  K'M-l  of  the  cor|tus  cnllosiim,  they  necessarily  cross  those  which  are 
.■»seernliug  I'rotii  the  cerebral  ganglia  below.  The  corpus  callosnm  is 
consequently  a  great  transverse  commissure,  uniting  the  two  hemi- 
spheres of  the  cerebrum  with  each  other.  There  are  also  fibres  imme- 
diately Ix-uenth  the  corticnl  layer  of  gray  substance,  following  the  curve 
of  the  convolutions  where  they  project  inward  into  tlie  wliile  substance. 
These  are  known  as  the  ''arciform  fibres,"  and  arc  regartUnl  as  jconnect- 
tng  filaments  between  the  gray  substance  of  adjacent  convolutionn. 

The  gray  nuh^ftinrt'  of  the  cerebral  convolutions  forms  an  external 
layer,  from  two  to  three  millimetres  in  thickness,  into  which  the  filires 
of  the  white  sultslance  penetrate  from  within  in  a  perpendicular  manner. 
It  consists  of  a  uniform  granular  matrix,  in  which  are  imlwddwl  the 
ner\'e  cells,  and  through  which  the  fibres  continue  their  course  in  va- 
rious directions.  The  nerve  cells  are  rrMinded  or  irregular  in  fonn,  witli 
a  varying  uuiuber  of  simple  or  bnuiehed  prolongations.     In  the  middle 


tiotiB,  directed  toward  ttiesiirf«cc 
ol'  the  Ix'uiit,  nnd  the  biise  U>wunl 
iLe  white  substance  of  the  iute- 
rjor.    According  to  Hfnk',  iJiefj 
have  au  average  ilia  meter  of  15^ 
uiniiD.   Two,  three, or  Bonietimes 
even  four  prolongations  estt'ntj 
froiu  ihe  angles  at  the  base  of 
the  cell,  running  inward  loMt 
the    white    substance,  and    be-* 
euniiug  more  or  less  ilivided  aufl 
miiiitied ;  while  the  pointed  ej 
tremil3',  on  the  other  hand,  ei 
tends  outward  in  a  single  pr 
loiigatiun   toward    the    oei-ebral' 
tturfuce. 

The  fibres,  as  thej  penetrat«^| 
from  the  while  into  the  graj^^ 
siilistance,  are  arranged  in  bun- 
dles, wilt-re  they  at  first  run  in 
a  general  direction  parallel  with 
e.-K-h  other.  But  these  bundles 
rapidty  diminish  in  size,  as  thft 
fdjres  diverge  laterally  to  puj-sue 
a  more  or  less  horizontal  course; 
and  in  the  external  portions  of 
the  gray  substance  there  a 
only  isolated  fibres  running 
various  directions.  In  the  gra, 
substance,  the  nerve  fibres 
come  reduced  to  their  smallesi 
(liuiensions,  measuring,  aeeonl- 
ing  to  Kolliker,  from  about  1 
2  mmm.  iu  diameter.  Some  o 
thera  spreml  out  at  various  levem 
in  the  cortical  layer,  while  othe 
contiuuL'  a  vertical  or  obliqii 
course  quite  to  the  supertici: 
]>orliona  of  the  gray  snbstance. 

The    immediate    relation 
Iween  the  (ibres  and  cells  of  I 
gray    stibstance    of    the    bera 
spheres  has  not  been  determine 
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with  absulutc  certainty.  Altliuui;!!  a  few  isolated  instances  have  been 
reported  in  whicli  a  cell  pioloiigation  has  been  Been  to  become  con- 
lintiuii^  with  a  ineihilhited  nerve  libie,  it  is  usually  iniposaible  to 
dt'Uionslrtite  this    by  tliiect  observatiuJi,  antl  some  uf  the  best  miero- 

:opists  have  Inxn  unable  to  see  it  in  a  single  InBtanee.  The  probability 
that  such  a  conneetion  exists  is  assumed  lioni  the  fact  that  many  vt  the 
ntTvc  fibres  io  the  gniy  bubstunoe  la-eonie  so  fileixler  nn<l  pule  as  to 
resiiiible  very  closely  the  e«.-Il  iiroloiigaliuns ;  ami,  on  the  other  hand 
the  cell  prolungatious  liequently  run  in  tlie  same  tUreelion  with  the 
nerve  fibres.  According  to  llenle'  the  prolongations,  given  off  from 
till'  bases  of  the  pyianiidal  cells,  are  so  often  seen  to  t(»se  themselves  in 
the  bnndles  of  neive  libres  eoming  I'lom  the  white  Biilistiinee  as  to  justify 
the  assumption  that  the  libres  in  these  instances  terminHte  in  the  cells. 
Tlie  delieaey  of  texture  of  the  gray  substance  and  tlie  distance  through 
which  a  cell  [)r'ilonfjMtiun  runs  iK-fore  it  attains  the  characler  of  a  nerve 
fibre  may  be  sufticienfc  reason  why  the  connection  is  not  mure  frequently 
^seen  in  microscopic  preparations. 

Physiological  Fruperlie*  of  the  Ilemifiphereii. — The  importance  of 
the  hemispheres,  in  connection  with  the  higher  manifestationH  of  nervous 
action,  is  sidlleiently  indicaletl  by  their  excessive  development  in  man, 
as  compared  with  the  other  portions  of  the  encephalon.  For  while  in 
the  lower  mammalians  they  are  of  medium  size,  and  often  smooth  or 
Sparingly  convoluted  upon  tlieir  Mirface,  and  in  reptiles  and  fish  are 
lometimes  hardly  hu'i^'er  than  the  other  nervous  centres  of  the  iiiain,  in 

lan  they  acquire  each  an  extension  as  to  cover  and  snrronud  almost 
oompletely  every  other  part  of  the  encephalic  mass,  their  supei-flcial 
layer  of  gray  substanee  Ix-inu;  at  the  same  time  still  further  increased  by 
the  multiplied  convnlutions  of  its  snrfaee. 

Notwithstanding,  liowever,  the  evi<k'nt  importance  of  the  hemispheres 
special  parts  of  the  nervous  system,  tlie  first  fact  certainly  known  in 

egard  to  them  is  that  they  are  voly  evan  in  man,  direc/ly  essential  to 
'^li/e.  That  is  to  say,  they  do  not  bold  under  their  immediate  control 
any  of  the  i>hysiological  acts,  like  tlmse  of  respiration  and  circulation, 
which  are  necessary  to  the  continuance  of  vitality.  They  often  influ- 
ence these  acts,  in  an  indirect  manner,  by  the  sympathetic  counectiona 
of  the  nervous  system;  but  life  will  continue  for  a  certain  iK-rioil  under 
the  iufltience  of  other  nervous  centres,  without  the  aid  of  the  cerebral 
hemispheres. 

This  is  rendJly  demonstrated  in  some  of  the  lower  animals  by  the 
entire  removal  of  the  luinispherea  on  both  sides.  In  man,  extiMisive 
morbid  changes  may  take  place  in  tliese  parts,  or  severe  meehanicaJ 
injuries,  accompanied  bj'  greater  or  less  loss  of  substance,  may  Ije  in- 
tlicte<l  upon  them  without  producing  a  fatal  resuit.  in  a  case  reported 
>f,  Detmold,"  of  abscess  in  tlie  anterior  lobe  of  the  brain,  a  knife 


'  Anutomie  ilea  M»'n8chen.     Braunschweig.  1871.  Nervonlehre,  p.  270. 

*  Atncricau  Journal  of  lUe  Medicul  Sciences.     Philadelphia,  Jauuurj,  18.'i0. 
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Wfts  passed  into  the  cerebral  substance,  making  a  wound  one  inch  to 
leny;tli  and  haU' an  iufli  in  (kptli,  wiit-n  llio  nbsfess  was  reaclicl  ami  |>ii* 
discfiargtMj.  The  patit-'Ut  iiiinii.'<lialc'Iy  ui'uU8o<i  from  his  comatuHi*  eon- 
diliun,  and  w&s  able  to  i>t>(-ak;  bnt  the  collection  of  pus  aflerworfl 
returned,  and  I  he  ]«itient  finally  dit-d  at  liie  end  of  seven  weeks  from 
the  tinu;  of  o|KMiing  the  abscess. 

Ill  another  case,'  a  jx-iinted  inni  bar,  tliree  feet  ami  a  half  in  length, 
and  oue  ineh  and  a  tiiiarter  in  <lianiott!r,  was  driven  through  a  man's 
head  by  the  premalun'  blasting  of  a  rock.  The  bar  enter«l  the  left  side 
of  the  fnee,  near  the  an!i:le  of  the  jaw,  and  pasi^ed  obliquely  upwapi, 
inside  the  zyg(mialie  areU  and  thronjih  the  anterior  part  of  the  cranial 
cavity,  emerging  from  the  frontal  bone  at  the  me<lian  line,  just  in  front 
of  tlie  point  of  union  of  the  coronal  and  sagittal  sutures.  The  patient 
became  delirious  within  two  d:iyH  afler  the  accident,  and  subsequently 
reinninctl  partly  delirious  and  partly  comatose  for  about  three  weeks, 
lie  then  began  to  im]>rovi>,  and  at  the  end  of  rather  more  than  two 
months  from  the  date  of  the  injury  was  able  to  walk  about.  At 
end  of  sixteen  months  the  vvonnds  were  healed,  and  the  p.iUent  hail 
rec'overe<l  his  general  healtli,  though  with  loss  of  sight  in  the  eye  of  the 
injured  side. 

The  patient  Hurvived  for  a  little  over  twelve  years,  being  able  to  do 
the  ordinary  work  of  an  osth-r,  coachman,  ami  farm-laborer,  in  ull  of 
which  oecnpaticms  he  was  eni|iioycd  at  varions  inlerv.ils-  He  dieii  in 
ISfil,  after  a  short  illness  aeeouipanied  by  conNnilsions.  The  skill 
whicli  was  Bubscfiuently  dejiosited  in  the  Warren  Anatomicfd  Mu<teum 
shows  the  openings  correspontling  with  tlie  [K>inls  of  entrance  ami  exit' 
of  tlie  iron  bar. 

The  coriclnsionH  derived  from  comparative  anatomy,  from  pathologic 
observations  in  man,  and  from  experiments  upon  animals,  all  nhow  tiial 
.the  cerebral  henuspht-res  are  e.si)ecially  connected  with  the  manifesta 
tions  of  ro)ignoiiK  inhUiyfucf,  as  <liHlingnt>i!icd  from  involuntary  refli 
actions,  8im]ile  sensations,  or  instinctive  movements. 

I.  So  far  as  we  can  judge  of  the  character  and  extent  of  these  mani 
festations  in  the  lower  aiiiinals,they  correH|innd  directly  with  the develof*-' 
nient  of  the  homisjthercH,  rather  than  with  that  of  any  other  portion  of 
the  enoephalon.  In  many  of  the  lower  animals,  nuc^euhir  power  an 
endurance,  tiie  activity  of  some  of  the  sjjecial  senses,  and  the  promptituti 
and  eertainty  of  the  instincts,  are  much  greater  than  in  man  ;  while  i 
the  liuiiian  s|iccies,  the  iittclJi^enee  in  the  only  faculty  which  is  invari 
ably  snjiciior  to  that  of  animals,  rmil  which  always  gives  to  ra.an  th 
advantage  over  them.  Even  among  animals,  that  which  especially  ch; 
racterizcs  certain  s]iecies,  and  whi«'h  most  nearly  resembles  that  ofma 
is  a  tearhabft;  intelligence  ;  that  is,  one  which  understands  the  mejiuin, 
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'  American  Jaiirmd  of  the  Morlical  Soipnw.  Philarlelpliia.  .Tnly.  1R.50. 
*  J.  B.  S  .THckAoii,  Descriptive  Catalogue  of  Ihe  Wurren  Atiutuniical  Uowi 
Boston.  1870,  p.  145. 
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ot  Improssioiia  or  objo<,*t9  prcacnteil  to  it,  an<ll  thus  ennbles  its  possessor, 
by  coinpreheuiliiig  ami  retaining  new  ideas,  to  profit  by  experiL-nce. 

II.  The  genersil  result  of  injury,  disease,  or  disorgnni2:Uion  of  the 
lu-niisplieres  in  man,  esp«rcially  attectiug  tbe  gray  substaiice  ol"  the  cati- 
voiiilions,  is  a  disturbance,  diminution,  or  su»iK.'iision  of  the  intellectual 
fufulties.  In  tliese  oases,  jiino3ig  tire  earliest  and  niont  constant  of  the 
ni'irbid  plienomeua  it>  n  loss  or  impairment  uf  niejuory.  The  pntienl 
forgets  tlie  names  of  ]iartieidar  objects  or  of  parlieular  jiersons ;  or  ho 
is  una) lie  to  ealeulatc  niimljors  with  his  usual  facility.  His  mental 
derangement  is  often  shown  in  the  undue  estimate  wliich  he  forms  of 
passing  events.  lie  is  no  longer  able  to  «p[»reeiate  the  relation  lietween 
different  obji-ets  and  iiheiiomeua.  lie  will  hIiow  nu  exaggerated  degree  of 
solicitude  about  a  trivial  occurrence,  and  will  pay  no  attention  to  matters 
of  real  importance.  As  the  difficulty  increases,  he  becomes  careless  of 
directions  and  advie<\  and  must  be  managed  like  n  child  or  an  imbecile. 
Finally,  when  the  injury  to  the  hemispheres  is  complete,  the  senses  may 
still  remain  active  and  impressible,  whik'  the  i)atient  is  completelj*  de- 
jKrivcd  of  intelligence,  memory,  and  judgment.  The  constancy'  of  these 
results  when  the  lesion  is  situated  in  the  hemispheres,  and  the  fact  that 
they  often  occur  without  being  nccomjiauied  by  any  loss  of  sensibility 
or  motion,  show  the  close  connection  between  the  mental  powers  and 
tlie  nervous  action  of  this  portion  of  the  brain.  ' 

The  same  connection  is  seen  in  the  existence  of  congenital  idiocy  with 
imperfect  development  of  the  bruin.  In  many  C!ises  the  imme<liate  con- 
dition upon  which  the  idiocy  depemls  is  the  small  size  of  the  brain  as  a 
whole,  particularly  conspicuous  in  the  cerebral  hemispheres.  Tlie  general 
and  special  senses,  and  the  activily  of  tlie  nervous  system  at  large,  nre 
Bonu'timea  fully  developed  in  these  instances,  while  the  iiitelligeiiee 
proper  remains  at  so  low  a  grade,  that  no  improvenieiit  in  the  mental 
Ofierations  is  possible  and  teaching  is  almost  without  effect. 

This  was  the  ease,  in  a  marked  degree,  with  a  pair  of  dwarfed  and 
idiotic  Central  American  children,  who  were  exhibited  nt  one  lime  in 
the  United  States,  under  the  imme  of  the  "Aztecs."  The}'  were  a  boy 
and  a  girl,  aged  respectively  altout  seven  and  five  j'ears. 

The  antero-posterior  diameter  of  the  boy's  head  was  only  4^  inches, 
the  transverse  diameter  less  than  4  tm-hes.  The  nntero  posterior  diameter 
of  the  gill's  head  was  4ij  inches,  the  transverse  diameter  only  3^  inches, 
TliG  habits  of  both,  so  far  as  regards  feeding  and  taking  care  of  tliem. 
selves,  were  those  of  cliihiren  two  or  three  j'ears  of  age.  They  were 
incapalile  of  learning  to  talk,  and  c<»uld  only  rep«'nt  a  few  isolate«l  we>nls. 
Notwithstanding,  however,  their  limited  intelligence,  they  were  remark- 
ably vivacious  and  excitaVilt*.  While  awjike  they  were  in  almost  con- 
stant motion,  and  any  new  objtct  or  toy  presente<l  to  them  imme<liatclj' 
awakened  si  lively  enriosily.  Tliey  understood  readil\  the  meaning  of 
those  who  addressed  them,  so  far  as  it  conbl   be  cotiveyed  by  gestieula- 

>n  and  the  tone  of  voice ;  but  they  could  not  be  made  to  comprehend 
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Tk»  "Axtuc"  Idiotic  Cm  lorsk.— Taken  from  life,  nl  Arc  nod  ■creo  7«Ara  of  itgr. 

arliculttte  language,  and,  aa  in  other  idiots,  mental  instructioa  was  willi- 
uut  result. 

Iir.  Ex[>eriment9  performed  upon  the  lower  animals,  by  removal  of 
the  Iieiiiisjjlieiv8,  lead  to  a  similar  rtjwiilt.  In  large  and  full  grown  itimii* 
malians  the  injmy  is  usually  fatal,  owing  in  great  measure  to  the 
attendant  lieniorrliage ;  but  it  may  be  jierfi^rincil  in  fish,  reptiles,  binlii, 
and  sometimes  in  young  (jiiadrui)e<lH  without  piwliicing  death.  Vulpion 
has  siieeeeded  in  niMiiitaining  life,  after  this  operation,  in  the  frog,  Itie 
tintle,  the  (ligeuii,  the  cuek,  the  rubliit,  and  the  rat.  The  result  i^*  that 
these  iiiiiiiuds  iTtain  tiieir  nenKiliility  and  power  of  motion,  and  e<»ntiniie 
to  maintain  the  normal  attitude  and  to  perform  many  instinctive  uJid 
reflex  mdvoments  ;  liut  apontaneoiia  nctioti,  and  its  conscious  adnptatioi 
to  external  eunditiousij  ia  abolished  with  the  removal  of  the  een-br 
heuiispheres. 

Tbo  operation  la  very  readily  performed  u[»on  the   pigeon,  and   it4j 
elTeets  in  this  animal  are  uniform  and  tlistlnetly  marked.     After  remov 
of  both  hemisphere!!,  the  Itiid  maintains  without  diffleidty  the  Btandin 
posture,  an<l  will  even  rest  upon  a  jtereh  with  seeuiitj  if  undistiirlKMl; 
but  he  remains  in  a  Htate  of  profound  ([Dietude,  alnio^st  completely  iiulif^ 
ferent  to  surrounding  objects.     lie  stamls  ujion  the  ground  or  it^sl 
upon  his  pereli,  with  the  eyes  closed  antl  t!ie  head  sunk  lietweon  th< 
shouhlers.     The  jilumage  is  wmootb  and  glossy,  luit  is  uniformly  cx" 
ptinded,  by  erection  of  the  feathers,  so  that  the  body  ajipcara  puffed  oui 
an<l  larger  than  natural.     Occasionally  the  bird  oj>un»  hi«  cyua,  stretches 
his  neck,  shtdtes  his  bill  once  or  tvice,  or  smooths  down  the  foathe 
upon  his  !<hoMld«'rH,  and  then   relapses  into  his  former  apathetic  com 
tioii.     This  chaiJUiteristic  state  of  immobility  cornea  on  immediately  after 
removal  of  the  hemisplieres. 

It  is  iu>t  accotnjianied,  however,  by  loss  of  either  genertU  or  speoi; 
sensibility.     If  the  foot  of  the  bird  iie  pinched  with  a  pair  of  fnrceps,  he 
becomes  partially  roustnl  !ind  moves  uneasily  once  or  twice  from  side  to 
side,  as  if  to  e8oa|)e  the  irritation.    Yulpijin  has  seen  a  pigeon  within  a 
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Bbort  time  after  tlie  opemtion  shake  the  bead  briskly  in  consequence  (>t 
a  fly  having  alighted  ou  the  womnl.  IIe:triiig  and  sigiit  also  I'emain. 
The  ilischurge  of  a  Ili^stol  lithiiul  the  back  ai'  tin-  pigeun  will  oiXeu  c-ause 
him  to  open  liis  eyes  utnl  tuiii  Ijis  lieiul  partisiHy  round,  giving  evident 
signs  of  iiaving  liennl  tin-  report;  though  lie  imiiiedintely  Ipitoiiu'S  quiet 
Again  uiid  pays  it  uo  Cuither  sateuttou.  In  a  rat  Mhieh  hud  lieeii  siih- 
jeotecl  to  this  ojuration  by  Vulpion,  a  sharp  hissing  sound  made  by  tJie 
lips  pro«hieed  a  sudden  sLiirt  and  raovenient  of  thi-  wliole  l)ody.  The 
same  observer  found  that  in  u  pigeuu,  after  the  uniinal  had  be«n  roused 

Fig.  160. 


PioaoK,  ArTBS  RaMovAL  or  tis  Ckrkbeal  UEMisriiERXR. 

by  pinching  the  foot,  the  sudden  approach  of  a  hand  toward  the  eye 
caused  a  winking  movement  with  partial  turning  of  the  hca«l.  Some- 
times such  a  pigeon  will  lix  his  eye  on  a  [lartituihir  objet-l,  ami  watch  it 
for  several  seconds  together.-  Longet  found  thnt  by  nuning  a  liglited 
candle  before  the  animal 's  eyes  in  a  dark  place,  the  head  of  the  bird  would 
often  follow  the  jnoveujcnts  of  the  cantllc,  showing  that  the  impression 
of  light  was  |iereei\ed. 

The  aninud  is  still  capuble,  then-fore,  after  removal  of  the  hemispheres, 
of  receiving  sensations  from  external  objects.  But  these  sensations 
make  upon  him  no  lasting  impression.  He  is  inc4»pabte  of  connecting 
with  his  lu-reepliiins  any  ilistinct  succession  of  ideas.  If  lie  liears  the 
report  of  a  pistol,  lie  is  not  alariiieil  by  it ;  for  the  sound,  though  dis- 
tinctly enough  [jorceived,  does  not  suggest  any  idea  of  danger  or  injury. 
There  is  accordingl)-  no  power  of  jierceiving  the  relation  iK'tween  ex- 
ternal objects.  Tlie  memory.  i>articnlarly,  is  destroyed,  ami  the  recol- 
lection of  sensations  is  not  retained  fri.«m  one  moment  to  another.  The 
muscles  are  still  umier  tlie  control  of  the  will ;  but  the  will  itself  is 
inactive,  because  it  lacks  its  usual  stimulus  and  direetfon.  The  powers 
which  have  been  lost,  tla-refore,  are  those  of  a  mental  character;  that  is, 
the  power  of  comparing  dilferent  sensations  or  ideas,  of  perceiving  the 
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proper  relation  between  them,nnd  of  rtriginating  in  cons<*quence  an  in* 
ti'llitjjenl  volitional  act. 

Tlie  cerebral  bemisplieres  as  a  \vbolc  are  therefore  evident!}'  the 
centres  in  wMch  the  nervous  meclmnisra  of  mental  action  is  acconi' 
plished.  The  nientul  endowments  whitli  sire  concerned  in  tlie  luanifosta- 
tjotis  of  tlie  iutelltyence  are  mainly  tlie  memory,  the  reason  and  the 
judgment. 

Mt^itwrij  is  the  simplest  «nd  most  essential  of  these  faculties  for  the 
due  i>erl'urmajiee  of  Hitelli4,'eiit  acts.  The  recollection  of  names,  and  of 
t!»e  objects  to  which  they  belong,  is  indispensable  even  to  the  use  of 
articulate,  language ;  anti  a  dcriciene^'  of  memory  seema  often  to  be  the 
irnmciliate  condition  upon  which  the  incapacity  of  idiotic  children  to 
talk  de])en<l.s.  It  is  also  constantly  essential  in  the  onlinary  occnpatioos 
of  life,  in  enabling  tiu  to  retain  past  impressiouh  as  a  guide  for  imme- 
diate or  future  act8. 

The  rvanoii  nniy  be  considered  as  the  faculty  by  which  we  appreciate 
the  character  of  the  nervous  impressions  received^  and  are  enabled  to 
refer  them  to  their  e.vtenial  source.  This  is  quite  ditferent  from  the 
simple  power  of  [lerception,  which  continues,  as  experiment  has  demon- 
strated, after  tlie  removal  of  tlie  cerebral  liemispheres.  The  mental 
action  wliich  is  excitei.1  by  an  impression  coniing  from  without  is  one 
which  transfers  the  altention  from  the  internal  sensation  to  its  external 
source;  and  whfu  this  netion  is  prompt  mul  effect u:d,  we  at  once  acquire 
an  idea  of  whence  the  impression  originated  and  what  is  its  siginhcanoe. 
The  perfection  of  this  quality  consists  in  the  certainty  with  which  it 
appreciates  the  relation  between  an  edect  and  its  cause,  ami  the  rehttive 
iniportance  of  dilferent  phenomena.  This  ea[jac.ity  is  deficient  or  absent 
in  idiots,  and  consequently  they  cannot  avoid  dangers  or  provide  for 
tlieir  necessities.  For  the  same  reason  it  is  useless  to  punish  an  idiot, 
beeaust',  jdthoimh  he  may  feel  the  pain  inflicted,  he  does  not  refer  it  as 
a  consequence  to  any  itrevious  action  of  his  own.  A  dellciency  of  the 
same  quality  in  the  insiine,  or  in  tlioso  in  whom  It  is  n.aturally  irapsr- 
fcct,  protluces  a  want  of  power  to  comprehend  the  importance  an<l  connec- 
tiim  of  dilferent  events.  They  are  said  to  be  "  unreasonable,"  because 
they  expect  results  whicli  are  imlikely  to  follow  frum  certain  causes, 
and  because  thoy  assume  the  existence  of  causes  which  are  not  really 
indicated  by  the  result-?. 

The  judgment  is  the  faculty  by  which  the  appropriate  means  are 
8eleele«l  for  the  n<;c(im[)l3shment  of  a  particular  end.  Its  exerciBC  re- 
quires the  existence  of  reason  and  memory,  which  suijijIj-  the  nccoasary 
conditions  u]ion  which  it  is  based;  but  its  own  action  is  one  which 
looks  tn  the  future  rjdher  than  t(»  the  past.  An  individmil  in  whom  the 
judgment  is  well  devL-iopetl  employs,  un<ler  the  guidance  of  exix.'rience, 
means  which  are  well  (tdnpttHl  to  attain  the  end  he  has  in  view ;  one 
who  is  deficient  in  this  respect  resorts  to  means  which  are  insufficient 
or  inapprnprtate,  and  is  consequently  inisuccessful.  Whether  the  act 
I>crformed  in  this  manner  be  a  simple  mechanical  operation,  like  that  of 
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shutting  a  door  to  exduOe  the  cold,  or  a  complicated  plan  involving 
many  parts,  the  mt'Utal  process  is  tlie  same  in  kind,  iind  difltrs  only  in 
<legrc'C' ;  its  t'HSfiilia!  rlmnu-tcr  Itoing  tbjit  it  is  an  intflligeiit  .'ict,  bi\sed 
ii|)on  an  nndeihiniuruig  uf  ibe  previous  conditions,  and  Intended  lo 
accompli^sh  a  dctiuite  result. 

Jt  iH  evident  that  all  8ucb  manifestations  of  intelligence,  takin;^  place 
throngh  the  cerebrum,  are  reflex  actions.  Their  Ktarliiig  point  is  a  Hcn- 
satiiMi  eoniing  from  witboiil,  wbicb  givea  rise  in  the  iniml  to  a  succession 
of  internal  oiHjratlona,  terminating  in  an  intelligent  volitional  impulse. 
This  is  redecteil  from  wilbin  uiitwartl,  anil  tbuB  tiunlly  calls  into  action 
the  nerves  of  voluntary  mutiun.  There  can  lie  Utile  doubt  that  the 
inti'rmediate  i)rocess,  between  the  Bcnsation  and  tin*  volitional  impulse, 
takes  place  in  the  gray  substance  of  the  cerebral  cutivohitions. 

Special  Seal  of  the  Faculty  of  Articulate  and  Written  Language,— 
Most  of  the  lower  onimnls  have  the  power  of  ctiininiini<'atin^  with  each 
other  by  certain  movements  and  vocal  sounds  in  such  a  way  aa  to 
attract  their  attention,  and  enable  them  to  act  in  concert.  The  Ian* 
gujjge  thus  enqiloyud  '\*  always  a  language  of  espression,  and  consi^ta 
in  such  inodifle:it.ious  of  the  tone  of  voice  or  the  position  ol'the  limbs  as 
indicate  ple.isnre  or  dislike,  exeitenu-nt  or  ali:irin,  or  a  friendly  or  hot^tile 
disposition.  In  man  the  same  methods  are  largely  used  to  es|)reB8 
similar  feelings,  and  to  represent  others,  such  as  surprise,  contempt, 
amusement,  or  doubt,  which  do  not  seem  to  exist  in  animals  to  an  ap* 
preciable  degree. 

But  man  has  also  the  faculty  of  conveying  definite  inlbrmation  by 
means  of  articulate  sfwech,  in  which  arbitrary'  sounds  are  used  to  indi- 
cate special  objects,  ijualities,  or  acts,  as  well  as  all  the  relations  which 
may  exist  between  theui.  The  power  of  using  iirticulate  latiguiige,  as  a 
vehicle  for  the  expression  of  the  thoughts,  i>i  generally  in  proportion  to 
the  dcTclopment  of  the  inteUfgcnce  as  a  whole.  In  order  that  it  maj 
bo  exercised,  two  faculties  must  come  into  action;  namely,  first,  the 
menior}',  by  which  the  piirticidar  woi-ds  required  are  brought  to  the 
mind  ;  and,  aetondly,  the  vuluntary  combination  of  motor  impulses 
necessary  for  their  urticuhition.  These  acts  are  jwrformed,  in  health, 
with  such  rapidity  that  we  are  not  conscious  of  them;  and  the  exercise 
of  si>eech  seems  to  be  a  direct  consequence  of  the  ideas  wliieh  are  to  be 
expresses!.  But  pathological  cases  show  that  either  one  or  both  of 
these  faculties  may  be  absent,  while  the  ideas  and  the  desire  to  express 
them  are  as  distiiu-t  as  ever. 

The  atfec^tion,  in  these  cases  of  loss  of  the  power  of  language,  is  termed 
nphania.  It  does  not  depend  upon  a  want  or  confusion  of  ideas,  be- 
cause the  patient  is  often  perfectly  clear  as  to  what  he  wishes  to  siiy, 
although  he  cannot  say  it.  It  ib  not  due  to  paralysis  of  the  organs  of 
articulation,  since  the  tongue,  lijw,  and  pal.ite  can  be  movwl  in  every 
direction  with  the  usual  facility.  It  is  a  deficiency  or  (suspension  of  the 
power,  cither  to  recall  the  won!  needed,  or  to  set  in  motion  the  nervous 
actions  required  to  pronounce  it.     In  the  former  instance  it  is  culled 
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"amnesic  aphasia."  Tho  initk'nt  cannot  say  what  he  wishes,  beennse 
lie  cannot  recollect  the  word  he  wants.  For  the  same  reason  he  U  nl*»o 
incapable  of  wiiting  it.  But  if  the  word  wliich  lie  requires  be  spoken 
to  him,  he  can  repeat  it  iminefliately,  thongh  in  a  few  seconds  it  has 
again  escajted  liim.  This  disease  is  an  nggravate<l  form  of  that  condi- 
tion to  which  many  otiierwiae  henllhy  persona  are  occasionally  liable; 
Qamely,  thut  of  forgetting  for  a  time  a  partieuhir  word  at  the  moment 
they  wish  to  UBe  it.  In  some  cases  of  ajthasia  the  loss  of  power  i?  so 
complete  that  the  patient  can  utter  only  two  or  three  words,  which  he 
employs  indiseriniinntely  wlienever  he  s])efiks  at  alL 

lu  the  second  variety  of  tlie  nffection,  the  pntient  knows  the  word  he 
wants,  but  cannot  suecee<.l  in  articnlating  it.     He  can,  tiierefore, esrpmis  i 
hiiiiself  by  writings  perfectly  wfll,  but  cannot  read  aloud  even  what  he 
hiis  written  himHelC.     This  is  culled  "nlaxio  a|^]insia^"  because  it  de- 
jtends  not  upoei  an  imperfection  of  niemorv,  but  upon  a  want  of  jKiwerJ 
to  etfect  the  necessiiry  nervous  combinations. 

'rhere  is  no  question  that  the  power  of  language  resides  Bomewherej 
in   the  cerebral  hemispheres,  and   many   observations  have  tended  to 
locate  it  more  especiiilly  in  the  cnnvolii/ionif  surrounding  the  lower  end 
of  the  fixxHre  of  Sylviun,  and  in  thot^e.  of  the  Inland  of  ReiL     Brocal 
fixes  it  more  ei?peci!iHy  in  the  third  frontal  convolution,  surrounding  the] 
anterior,  ascending  branch  r)f  the  fissure  of  Sylvijis,  while  others  have] 
referred  it  to  the  Irontnl  lobe  in  general.     The  eviik'nce  for  this  locali- 
zation of  the  faculty  of  langujige  consist*  in  the  numlier  of  instances  iui 
which  aphasia  more  or  less  complete  has  been  found,  on  jK»st-niortem| 
examination,  to  lie  accompanieil  by  lesions  of  the  brain  substance  con- 
fined to  tlie  points  indicated.     It  is  often  accompanied  by  hemiplegia! 
of  the  opposite  side  of  the  body,  but  may  sometimes  exist  indeijendently 
of  any  paralytic  affection. 

According  to  Broca,  it  is,  as  a  rule,  tlie  third  cerebral  convolntion  of  j 
the  Iffl  bemix)>hert*  ahitf  wliich  is  concerned  sis  a  nervous  centre  in  the] 
production  of  articulate  language.     This  couclusif»u  is  derived  fronj  the] 
fact,  which  is  generally  conceded'  bj'  pathologists,  that  in  the. large] 
majority  of  cases  in  which  aphasia  is  accompanied  by  hemii)legia.  the] 
heiuiidegia  is  on  the  right  side  of  the  body,  the  lesion  accordingly  occu-] 
pying  the  left  side  of  the  brnin.     But  as  aphasia  is  general!}'  due  to{ 
occlusion  of  tlic  middle  cerebral  artery  bj'  an  cmtolism,  and  as  enaboUsT 
is  more  likely  to  occur  on  the  lefl  side  thnn  on  the  right,  owing  to  tlw^ 
dilferent  angle  at  widtlj  the  vascular  branches  are  gi\'en  i>ir,  this  fact  may 
not  indicate  the  exclusive,  or  even  preponderating  influence  of  the  lefl 
side  of  the  brain  in  the  function  of  artienlate  language.     Notwithstai>d-| 
ing  some  remarkable  cases  which  wonld  tend  to  show  a  special  location 
of  this  function  upon  the  left  side,  such  as  that  of  chronic  lefl  hemiplegia 
without  afthasia,  followed  in  the  same  indivi<lual  by  a  sudden  attack  of 
right  hemiplegia  with  aphasia,'  yet  instances  of  an  opiwsitc  kind  are 

Bateoian  on  Aphasia      London,  1870,  p.  152. 
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»l80  8f>  numerous  tliat  the  physiological  question  cnnuot  be  regairleil  a» 
mntled.  We  are  only  certain  tliat  aphasia  is  most  frequtntly  produced 
by  lesion.s  iK^cupying  the  U'ft  heuiisphfre,  in  the  convolutions  about 
•Jie  l)ottoni  and  edges  ol'  the  fissure  of  Sylvius;  that  is,  In  the  parts 
>urished  by  branches  of  the  middle  cerebial  artery. 

Special  Cfntrea  of  Motion  tn  the  Cerebral  Hemispheres. — As  a  rule, 
both  the  white  and  gray  substance  of  tiie  liemisphei'cs  are  found  to  be 
bi>tii  insensible  and  inexcitable  under  the  application  uf  ordinary  artifi- 
cial stiniulus;  neither  sensation  nor  motion  iKunj;  produced  in  the  living 
animal  l»y  mechanical  irritation  or  injury  of  tliese  parts.  In  man,  also, 
it  Las  been  repeatedly  otiserved  that  the  snhstince  of  the  brain,  wlicu 
exjMised  by  accident  or  disesise,  gives  no  indication  of  nenBibility  or  of 
motor  en<lowment3,  if  subjected  to  externjil  irritation. 

More  carefid  and  extendeti  observations,  however,  ii]ion  the  lower 
Rnimal.H,  have  shown  that  Hnder  the  inllnence  of  galvanic  stimulus  of  a 
low  degree  of  intensity  certain  iiuints  on  the  surface  of  the  cerelunl  con- 
volutions will  give  rise  to  definite  movements  in  the  muscles  of  the  head, 
btxiy,  and  limbs.  The  fact  was  first  disc(A'ere<l  by  Fritsch  and  Hitzig 
in  1H70,'  and  haa  been  subsequenHy  fully  confirmed  by  other  obHcrvera. 
The  experiments  were  performed  first  ami  most  frequenllv  on  dogs;' 
afterward  on  cats,  guinea  pig>*,  rabbits,  and  monkeys  ;  the  animals  being 
sometimes  stupefied  hy  ether,  chloroform,  or  morphine,  sometimes  not 
8tll>jtx!ted  to  any  aiuusthetie  inlluence. 

The  general  result^J  derived  from  these  experiments,  as  given  by 
Uitzig,  are  as  follows: 

I.  One  poi'iion  of  the  convexity  of  the  cerebrum,  in  the  dog,  is  motor; 
anotlier  portion  is  luit  motor, 

li.  The  motor  portioji  lies,  in  general  terms,  more  anteriorly;  the 
non-mtttor  portion  more  posteriorly. 

III.  P^lectrical  stimulation  of  the  motor  jmrtion  produces  co-ordinated 
muscular  contraction  on  the  opi>osite  side  of  the  hotly. 

IV.  With  very  weak  electric  currents,  the  contractions  pro<lnced  are 
distinctly-  limitinl  to  particular  groups  of  muscles;  with  stronger  cur- 
rents, the  stimulus  is  communicated  to  otLer  muscles  of  the  same  or 
neighl>oring  |»aits 

V.  The  portions  of  the  brain  intervening  Iwtween  these  motor  centres 
are  inexcitable  by  similar  means. 

These  conclusions  have  lieen  verified  hy  a  variety  of  observations  in 
Oerranny,  France,  England,  and  the  United  States,''  The  experiments, 
which  ai-e  most  readily  performed  on  <loga,  owing  to  the  large  size  of 
the  cerebrum,  and  the  comparatively  little  injury  suflered  from  hemor* 


'  Arcbiv  ftlr  Anntomic.  Phypiolopie  and  Wissrnsclniniichc  Medicin.  heiptig, 
1870,  p.  300.     IliTzip.  Unlprsuchunjren  Ul>er  tins  «Jchirn.     Kcrlin,  1H74. 

*  Keport  of  a  Commit  lee  of  tho  New  York  .Society  of  Neurulopy  and  Elerlni- 
logy  on  the  Existence  und  Locaiizatinn  of  Motor  {?i>ntreB  in  the  Cerebral  Coa- 
Toiutions.    New  York  Medical  •lournal.  March,  IH'H,  p.  225. 


rbage,  yield  results  wliidi  ;tre  sutUciently  uniform  to  show  that  tliev 
de]H;ii(l  iipuu  imijortaiil  iiliysiylogUid  i-ontlltioiis.  In  tliosf  perfornieil 
by  tilt.'  crinitiiitleu  of  t,h«  ^uw  York  Society  of  Neurology  aiid  Elei-tro- 
Jlogy,  tilt'  niiimals  were  etlieriaed  aud  kept  luure  or  less  completely  ujider 
the  iiitJiieuce  of  the  annesUietic  diiriug  the  nhoK-  course  of  the  esp<Ti- 
iiietit;*.  The  alimulus  L-iupIuyed  wiis  a  gulvtiuic  current  fruin  a  battery 
of  fioiu  8  to  l(i  cells,  of  an  iulensity  just  BUllicieut  to  be  distinctly  j)er- 
ceptible,  but  not  puiuful,  when  applied  to  the  surface  of  the  tongue. 
Tlie  electrodes  were  rounded  |ilatiiiuiii  points,  tixed  at  n  distance  of  one 
luillituetre  apart.  Tiiey  were  a|.]jiie4l  to  the  MUrfrice  of  the  cerebrum  in 
sucli  a  manner  as  not  to  wound  but  ouly  to  touch  it,  and  were  held  in 
eontuct  with  the  brain  for  about  one  seefmd  oidy  at  each  application. 
The  ai>pli cations  w«'re  rejx'jitcil  at  short  inler\aU  at  the  same  s|)ot  fur 
frunj  ten  to  forty  tiuie»  in  successi(»n,  in  nnler  to  make  sure  that  the 
reactions  obtained  were  not  accidental.  The-  resultB  show  plainly  that 
there  are  certain  limited  sj)ots,  on  the  Burfaee  of  the  cerebral  convolu- 
tions, at  whicii  ti>»-  ai>pUcation  of  a  faint  galvanic  cuirciit  will  cause  dis- 
tinct niojuentary  contraction  of  se]>arftte  muscles,  or  grouijs  of  musdea, 
on  the  ojniosite  side  of  llie  body.  These  spots  corrcspomi  in  all  essential 
particulars  with  those  diacovereti  by  Hitzig,  and  are  nearly,  though  not 
quite,  uniform  in  location  on  the  two  opposite  sides,  and  iu  ditlereut 
anitnah. 

All  the  centres  of  motion  for  the  anterior  and  |x>sterior  limbs  are 
situated,  in  the  doa:,  in  tlie  convolution  immediately  surrounding  the 
frontal  Jisnun:  (Figs.  1G1,  102,  F),  a  nearly  ti-ansverse  furrow  runuing 
outwanl  and  forward  from  the  nieiliiin  line,  which  may  be  cciosidered 
as  corresponding  to  the  fissure  of  Rolauiio  in  the  human  brain,  hut 
placcil  farther  forward  in  the  dog,  owing  to  the  inferior  development  of 
the  frontal  lobe.  In  a  majority  of  cases,  [he  motor  centres  for  tlie 
anterior  limbs*  (3,  4)  are  situated  mure  in  front,  near  the  outer  extnunity 
of  thi'^  fissure;  those  for  the  posterior  limbs  (f),<i)  farther  backwanl  and 
inward.  At  certain  points,  movements  of  fiexitin  are  produced,  at 
others,  movements  of  extension  ;  Romelimes  flexion  of  a  single  paw  alone 
takes  i)lace,  sometimes  flexion  or  extension,  more  or  less  complete,  of  a 
whole  lind) ;  ami  sometimes,  nt  certain  spots,  there  is  flexion  or  extension 
of  the  fore  and  hiiifl  limbs  together,  or  |)artial  flexion  of  one,  accompanied 
liy  extension  of  the  other,  But  in  the  majority  of  eases,  the  movementa 
produced  are  isolated  movements  of  flexion  or  extension  of  a  single  lind». 

The  centre  for  flexion  of  the  head  on  tlie  neck  in  the  meiUan  line  (1) 
is  in  the  lateral  and  anterior  part,  of  tlie  convolution  sitiiatotl  in  advance 
of  the  frontal  fissure,  where  this  convolution  bends  downwanl  and  out- 
ward ;  that  for  flexion  of  the  head  on  the  neck,  with  rotation  toward  the 
side  of  the  stimulus,  is  in  a  part  of  the  same  convolution  (2),  situatet) 
still  farther  forward  and  downward,  so  as  to  be  invisible  in  a  view  of 
the  brain  taken  from  above. 

The  centre  of  motjiui  for  the  orbicularis  oculi,  and,  according  to 
Httjsig,  for  the  facitil  muscles  generally',  iu  in  a  region  situated  u]>od  the 


the  rlura  mater  or  other  sensitive  part*,  produces,  by  refux  action, 
musi-tihir  twitching  on  the  same  side  of  the  body. 

The  existence  of  tliese  excitable  jvoiiits  in  the  cerebral  convolutiona 
does  not  sliow  that  they  are  nervous  centres  for  the  tmme<liate  pro- 
duction of  vohnitary  uiovciiKTit.  On  the  contrary,  we  know  that  the 
jjurtH  of  the  bniin  conltiiniiig  them,  iind,  in  some  uuiniuls<, even  the  whole 
heiuispheres,  may  be  remove<l  and  yet  the  power  of  movement  in  the 
fimbs  iiiuy  be  preserved.  Uut  tliey  are  evidently  ) mints  from  which  »n 
iiiUiUMice  rauy  extend  inward  toward  the  central  |i!irls  uf  tUe  brain,  excit- 
ing there  the  iinmedifite  cause  of  motor  iiction  ;  and  this  intluence  is 
transmittetl  tlirough  the  cerel>ral  substauce  by  dclhiite  ])aths,  as  much 
so  as  that  passing  in  tlie  ramilication*  and  filnx's  of  llie  |>eripherul  motor 
nervcH. 

The  only  doubt  whieli  has  lieen  entertained  in  regard  to  the  signifi- 
cance of  these  cxperiint'nt.s  is  tliat  wliicb  nttriliutcs  the  muscular  con- 
traction, not  to  the  gaivanizatiim  of  the  convolutions  IhemselrcH,  but  to 
a  dUfusioii  of  the  electric  current  from  without  inward,  and  a  consequeut 
extension  of  the  galvsuiic  sLiinuhis  lo  the  de(.']>er  parts  of  the  brain,  cape- 
cially  the  corpus  striatum  and  ascending  fibres  t)f  the  crus  cerebri.  But 
the  conditiouH  of  the  experiment  Hbow  that  this  is  not  the  case.  When 
the  distance  betw(K>n  the  two  electrodes,  and  con«e(]Uent]y  the  length  of 
the  current  traversing  the  surface  of  a  convolution,  is  oidy  one  milli- 
metre, tiieir  iipiilication  to  n  jmrticular  spot  m;iy  produce,  many  times 
in  succession,  a  delinilc  muscuhir  ccuitractiitu  ;  and  yet  their  application 
to  other  spots  not  more  than  five  milliin<tre8  distant  from  the  liist,  and 
equally  nejir  the  base  of  the  bruin,  iniiy  be  entirely  without  effect. 

Furlherniore,  direct  proof  of  the  part  taken  by  the  convolutions  in 
the  production  ot  these  phenomena  is  supplied  by  the  exjieriments  of 
Braun'  and  Putnsiin.'  In  these  cxfterinunts  [loints  were  foiiml  U|x)n 
tlie  cerebnd  convolutions  which  produced,  under  the  application  of  elec- 
tric stimulus,  the  usuhI  tlelinite  muscular  contractions.  A  horizontal 
section  wa-s  then  made  at  a  de[)th  of  one  or  Uvu  niillimotreH  beneath  the 
surface,  leaving  the  flap  in  place  but  cutting  off  the  nnntomical  con- 
tinuity of  bruin  tissue.  The  irritation,  Ix'ing  then  reapplied  to  the 
original  spot,  failed  to  excite  any  muscular  contraction  ;  but  if  the  flap 
were  turned  up  sind  the  electrodes  applied  to  the  cut  surface  lH*neatii, 
a  currt'ut  of  similar  <ir  slightly  increased  strength  again  produced  the 
same  nrovements  as  Ittdorc.  Repeated  trials  of  tlris  kind,  tlie  tlnp  Fx-iiig 
allernntely  reuioved  and  rofidjnsted,  yielded  the  same  results.  'It  is 
evident,  therefore,  that  when  ihe  electrodes,  applied  to  the  surface  of  tlie 
uninjured  brain,  cause  movements  on  the  opposite  side  of  the  body,  this 
effect  is  not  due  to  a  iliffusion  of  the  electric  current  itself  toward  the 
base  of  the  brain,  but  to  a  nervous  stimulus  originating  in  the  convolu- 
tions, and  thence  transmitted  tuw  ard  by  the  fibres  of  the  white  substance. 


'  Centralblatt  fUr  die  Medicinischen  WiRsni«cliafton.     Berlin,  Jane  13,  1874. 
p.  4.')5. 

<  Boston  Medical  and  Surgii;al  Ji)uriiul,  July  l(>,  1874. 
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The  Cerebral  Ganglia. 

The  porponi  striata  and  optic  tbalaini,  from  the  position  wliioh  they 
octupy  at  the  cenlral  purt  and  base  uf  the  fercbruui,  in  the  course  of 
the  iisceiitling  fibres  of  the  crura  ceifbia,  must  be  rfganled  as  nervous 
centres  interposed  bc'twt'i;u  tlie  tnwhilla  ubloriiinta  Im>1ow  and  the  hemi- 
spheres above,  .\ccording  to  IleniL',  thi-  Inindlfs  of  white  *iul)stance 
from  the  [wsterior  ijortiori  of  tlie  crns  cerebri,  on  psissing  into  the  o|ttic 
thalamus,  sprca<l  ont  in  i>eneillike  tiillbuf  diveiging  fibres,  which  l>ee()me 
generally  distributed  throughout  the  gray  »td)Htance  of  the  ganglion, 
and  are  even  mingled  in  its  interior  with  transverse  or  int*rhicing  fila- 
nientd.  It  is  conceded  by  both  Kolliker  and  llenle  that  some,  or  even  a 
considerable  proportion, of  these  fibres  terminate  in  the  gray  substance; 
while  a  portion,  or  |»erii;vf>s  other  liltres  origiuatiug  in  the  gray  siibst-anee, 
pju*8  outward  again,  from  the  anterior  and  lateral  jiarts  of  the  thalamus, 
to  continue  their  course  upward  to  the  eerebral  convolutions. 

In  tiie  corpus  striatum,  the  relation  of  tin?  fibres  to  the  gray  substsinee 
iH,  in  general,  the  same  as  in  the  tlialamns;  that  is,  they  are  derived 
from  the  ascending  bundles  of  the  erus  cerebri  and  terminate  in  the 
gray  substance  of  tin-  ganglion.  The  dirteionce  Itetween  the  two  iKMlies 
is  that  in  the  thalamiifi  the  mixture  of  the  fibres  with  the  gray  substance 
is  more  intimate  and  uniform  tlinn)ighi>ut,  while  in  tlie  eorfms  strialtira 
the  fil)res  are  arranged  in  ilintinet  iiniidles,  readily  vi<<ilble  to  the  naked 
eye,  which  only  disappear,  by  the  disi)ersion  and  termination  of  their 
filaments,  at  the  distance  of  about  oac  niilltmetre  from  its  oiiter  etlge; 
so  that  the  ganglion  i-*  Iwjrdereil  externally''  at  this  situation  by  a 
thin  laj-er  of  gray  substance  in  which  no  white  striations  are  to  be 
seen.  In  the  corpus  striatum,  as  in  the  optic  thalamus,  there  are  also 
bundles  of  fibres,  according  to  the  observations  of  Kolliker,  which  nt 
certain  levels  i)ass  from  the  gray  matter  of  the  ganglion  into  the  white 
substance  of  the  liemisplK-res.  Both  the  corpus  striatum  and  optic 
thalamus  contain  nerve  cells  with  raniifie<l  pro!ongati*ms,  some  of  whii-h 
closely  resemble  llie  finest  nerve  fibres  with  which  they  are  mingled, 
and  with  which  many  anatonnsts  believe  them  to  be  continuous. 

The  exact  physiological  function  of  the  cerebral  ganglia,  as  distin- 
guished from  the  hemispheres  jirojKT,  is  jiot  precisely  deterniincfl.  It 
is  plain  that  they  exert  some  influence,  of  an  intermediate  cliaraeter, 
between  the  action  of  the  cen-bral  liemisidveres  above  and  the  din-et 
transmission  of  motor  and  sensitive  stimulus  to  or  from  the  parts 
below.  They  have  I>otli  Ix-en  found  to  be,  like  the  hemis[)heres,  insen- 
sible to  onlinary  mechanical  irritatiou,  unless  this  be  applied  so  di^'ply 
R8  to  reach  the  fibrous  bundles  of  the  crura  cerebri  in  their  inner  ar»«t 
<leeper  parts.  They  cannot  Ihj  extirpated  or  extensively  injured  with- 
out  at  the  same  time  cntting  filf  more  or  less  completely  the  connction 
of  the  hemisplieres  with  the  [wriphernl  nervons  syslcm;  but  they  may 
be  removed  at  the  saute  time  with  the  hemisplu'res,  in  some  of  the  lower 
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animals,  and  yet  the  power  of  motion  an<l  of  sensibility  may  be  rct^in*'^ 
to  H  considerable  extent.. 

It  is  certain,  however,  from  the  known  facts  of  i»athoU>gy,  that  their 
iiiftiience  in  an  importnut  one,  since,  in  nmn,  leaiond  of  these  ganglia  are 
almost  alwnya  followetl  by  more  or  less  complete  ht^vtiplegia  on  the 
opposite  Bide  of  tlie  Iwily.  In  general  terras,  the  ert'ect  of  cerebral 
hemorrhage,  whether  from  injury  or  disease,  may  be  said  lo  vary  accord- 
ing to  its  location;  hemorrhiige  ui>oii  the  surface  of  the  hemispheres 
producing  coma,  that  in  the  cerebral  ganglia  <"aii8ing  hemiplegia.  The 
iisiud  sii^iiificanre  attached  to  the  term  "  hemiple.i;ia"  is  tiint  of  loss  of 
voluntary  motion  on  one  side,  while  a  correapouding  loss  of  sensibility 
is  desigmited  as  hernia nxxthfisia.  In  cases  of  lesion  of  the  cerebral 
ganglia  or  JidjaeiMit  piirts,  lln.«  loss  of  motion  is  usually  the  most  |)romi- 
nenl  symptom,  hemrnnaisthesia  being  either  entirely  absent  or  tllsajv 
ponring  rapidly,  white  the  motor  paralysis  lasts  a  longer  time.  On  the 
other  hand,  hi'miurifeslhesia  may  continue  after  the  power  of  motion  is 
recovered,  and  it  may  also  lie  produced  in  animals  by  lesions  of  the 
btaiti  withniit  In-irig  aecompanicd  by  any  muscular  paralysis. 

Altem|(t9  have  bei-n  rtpratedly  made  by  various  authors  to  locate 
more  distinctly  the  physiological  nets  of  sensation  or  motion  in  one  or 
the  other  tif  the  ccreJLiral  ganglia  separately;  but  tliusfar  these  attempts 
have  nut  lu-en  so  sncrfssful  as  to  command  general  assent.  The  most 
exact  experiments  in  regurd  to  sensibility  are  those  of  Veys^ere^'  who 
operated  by  introducing  into  tlie  lirain  of  the  dog  a  slender  trocar 
arme<l  with  a  spring,  which  eoulil  be  ex])aiuled  at  the  liottom  of  the 
wound  and  thus  pinduce,  by  rotation  of  the  instrument,  a  lesion  of 
the  iU"<'pt?r  pnrta.  of  the  bnvin  without  serious  injiuy  of  the  more  super- 
liciiil  portions.  After  study  of  the  symptoms  caused  by  the  operation, 
the  animal  was  killeil,  and  the  exact  localiim  of  the  injury  ascertained. 
Tlie  observer  found  by  thi^  means  that  hernianfestln'.sia,  either  alone  or 
actompanied  hy  more  or  less  paralysis  of  moiion,  was  produce<l  by 
lesions  of  the  cerebral  ganj^lia  anrl  the  white  substance  included  be- 
tween them  ;  but  that  it  was  the  white  substance  of  the  internal  capsule 
which  was  most  constanlly  iilfectc*!  iu  these  cases.  The  gray  substance 
of  the  cercbrid  convohititms,  as  wi-ll  as  tliat  of  the  cerebral  ganglia, 
might  be  extensively  injured  without  causing  toss  of  sensibility;  but 
this  effect  was  produced  in  proportion  to  tl>e  exten^iun  of  the  injury 
to  the  inteiujd  capsule  and  tlie  couimeucenient  of  the  expan^iou  of 
radi.Uiiiif  lilircs  derived  fnmi  it.  • 

The  aliove  cxperiineuta  and  observationfl  do  not  show  that  the  phj'sio- 
logical  functions,  either  of  sensibility  or  voluntary  motion,  are  seated 
in  the  cerebral  ganglia  or  the  iutt'rnaJ  capsule.  The  ]varnlysis  of  motion 
and  sensation  resulting  \'nnn  injury  to  these  parts  is  due  evidently,  in 
great  measure,  lo  the  shock  corotnunicated,  through  descending  fibres, 
to  other  parts  of  the  brnin  below  ;  since,  as  in  several  of  Veyssiirie'a 

'  Ecchercbes  8ur  rilemiauaBslh^sie  de  cause  c^r^bralc.     Paris,  1874 
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exji^riments,  a  liomipli'si.i  or  honnnnnpstlicHin,  following  lacerntion  of 
tlie  brain  stihstanoe,  infiy  ilisfippcar  witUiii  a  few  days,  f>r  cvon  in  twenty- 
fonr  hours,  thongJi  the  ineL-Uanical  injury  l>e  not  yet  reiJaiied-  While 
therefore  we  cannot  Ba3'  that  eitUer  of  the  cerebral  ganglia  are  the  phys- 
iological organs  of  sensation  or  motion,  yet  their  injury,  both  in  animals 
and  in  man,  generally  produces,  as  its  innmedinte  result,  hemjplcffia  or 
hemiansestbesia,  cither  singly  or  combined^  on  the  opposite  side  of  the 
body. 

The  Cerebellum. 
The  cereholliim,  ftlthouffh  in  man  and  tiriMjuadrnpeds  much  inferior  in 
EC  to  the  ccrebriini,  consists,  likr-  it,  of  n  folded  layer  of  prny  matter 
surrounding  the  mass  of  white  subslanee  which  forms  its  internal  por- 
tion. The  cortical  lnyer  of  gray  substance  is  only  about  one-half  n« 
thick  as  tiiat  (»f  ttieefrebral  heniisplieres;  heing  nowhere  over  1.5  milli- 
trictrt*  in  tliickncss.  Rut  the  con  volutions  of  (he  cerebellum  arc  more 
compactly  arran^^erl  than  those  of  the  cerebrum,  and  ])enetrate  into  its 
snbstance  in  ihe  form  of  thin,  closely  adjacent  Inminie;  so  that  it  eon- 
tains  a  com j«Ti rati vel^"^  large  ipmntity  of  gray  malt«'r  in  prot>ortioji  to  its 
mass.  In  the  white  substance  of  the  cerebellura  em  each  a'ulo,  not  far 
from  the  median  line,  there  is  an  isolated  deposit  of  gray  matter  in  the 
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Tkbtioal  TnAHsriRAE  Skctiok  or  rns  Htmas  Okrbbellvm  ard  Mb- 
PCLLA  OnuiwoATA,  f>  Httic  behind  the  pons  VftroUl;  posterior  portion— 1.  MeduUa 
oblongnln,  atiowliii;  th«  iiuoleiu  of  the  ullvnry  (loOiPA  2.  Fourth  venlrlel<i.  8,3  WhlW 
■ubttsnco  of  the  orretK-'Uiiin      4,4.  Oorjiu^  ilcnlntuin  of  eitch  aide.     (Henle.) 


form  of  a  thin  lamina,  folded  in  irregular,  tooth-like  convolutions, 
whence  its  name  of  corpus  driiinftnn.  Thi'^  lamina  is  everywhere  closed 
on  its  extertinl  httt-ral  ft'*[>eet,  but  presents  an  o|wning  at  one  point 
towanl  the  median  line,  U  seems  to  occupy,  in  the  cereltelhim,  a  place 
analogous  to  that  of  the  eerebra!  ganglia  above,  and  to  tliat  of  the 
olivary  nuclei  in  the  medulla  oblongata. 

The  gray  matter  of  the  cerebi-llar  convuliitiuns  is  penetrated  by  fibres 
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coming  from  the  interior  white  subsiaiice,  and  contains  nerve  cells  of 
varioiiK  I'lirm  aiul  si/i?.  T!if  uiost  cUanioleristie  are  llusk-slui]jei)  cells, 
aiTangtui  in  a  siiiglc  or  rarely  in  a  duuljlv;  row  ;  the  ruumliHl  extreinity 
of  ench  cell  being  ilirectud  iinvard,  the  |)oiiitc<l  extremity  outward. 
According  to  KoUiker  mid  lleulu,  the  ci-lls  iisutdly  give  off  prolonga- 
tioiis  in  two  o]»]>osite  directioiiti ;  thjit  which  passes  inward  toward  the 
white  sul)st:mce  U-ing  unliraii'jhed  and  re.si'tidiliiig  Uiu  axis-fylinder  of 
a  nerve  fibre,  while  tb:it  which  iJiissos  outwnrd  tuward  the  5.iirl"ace  of 
the  convolution  divides  into  numerotis  fine  r.nmilications. 

The  eerebellnni  is  eoiinected  with  the  rest  ol"  tlie  eerebro-spinal  axis 
by,  1st,  the  Jibres  of  the  posterior  podinieU's,  or  7-i'sii/orm  butiirx,  whieli 
enin*'  from  the  posterior  jiiul  Inteial  parts  of  the  niedidla  oblongata,  to 
radiate  in  the  white  substance  of  the  cerebellum;  and  2<1,  by  those  of 
ihe  anterior  i>eduue]fs,  or  proceitsuit  e  cerebfllo  ad  corpora  quadrigemina^ 
whieii  originate  fr«tm  tli*.'  tvirbellnin  ni'nrfr  tin-  median  line  than  the 
teimination  of  the  resttff)rui  l)odies,  luid  tlieucc  puss  iipwanl  and  forward, 
joining  the  luniritudinal  tracts  of  the  posterior  part  of  the  tuber  annulare 
arid  criiia  eercliri.  The  two  lateral  halves  tif  the  cerebellum  are  further- 
more euiiiHX'tecJ  with  eat^ll  other  by,  Bd,the  fibies  of  the  middle  pediinelets 
which  originate  IVutii  tlu'  white  substance  ou  t-ath  side,  then  pass  foni'ard 
anil  downward  to  lueet  in  front  upon  tlie  under  surface  of  the  tuber 
annulare,  forming  the  arched  commissure  of  tlie  pons  Varolii. 

J'hi/Kwlogival  Propertit's  of  the  Cenbrlhtm, — The  general  result  of 
experimental  npurations  upon  the  cerebellum  sbows  that  the  surface  of 
this  organ  is  iiiexfitable  by  ordinary  means,  and  that  its  mcchanieiil 
irritation  gives  no  evidence  of  sensibility-  Flourens,  Longet,  Vul])ian, 
and  experimenters  in  general,  liavc  recognized  tlie  fact  that  neither 
aensatioii  nor  muscular  contractions  are  produced  by  touehing  or 
Wounding  the  external  gray  eiib.st:»oce  of  the  cerebellum ;  while  in  its 
deeper  portions  both  cxnitability  and  sensibility  become  manifest,  in 
jjroportion  as  the  irritation  is  applied  nearer  the  medulla  obhmgata  and 
the  couimencement  of  the  cerebellar  jiedinicles.  Furthermore,  its  re- 
moval, either  in  part  or  in  whole,  docs  not  destroy  nor  essentially 
diminish  either  the  power  of  sensation  or  that  of  movement.  The 
bcnses  remain  active,  and  the  menial  faculties  are  still  iinehanged,  pro- 
vided the  cerebral  lieiiii:s|fbcres  have  not  bien  injured.  O|)cratious 
upon  this  part  of  the  brain  are  more  difficult  to  jierform  than  those 
upon  tli^  cerebrnra,  and  are  much  more  liable  to  produce  a  fatal  result. 
This,  however,  does  not  Hcem  to  depend  upon  any  direct  inOuence  of 
the  cerebellum  u[>on  the  more  vital  fiiiietioiiK,  but  is  due  to  its  deeper 
position,  the  dilllculty  of  ex[io»iiig  it  without  causing  too  much  Iiemor- 
rliage,  and  espeeially  its  proximiiy  to  the  medulla  oblongata.  If  injur? 
from  these  causes  be  avoided,  the  organ  may  iio  extensively  wounded 
or  even  totally  removed  without  causing  death.  One-half  or  two-thinlR 
of  it  have  often  been  taken  away  without  causing  death  ;  and  in  one  of 
the  experiments  of  Floiireiifl,  a  fowl  lived  for  more  than  four  niontlis 
after  its  complete  extirpation. 
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Aside  from  the  particulars  above  mentioned,  ex|»riTnents  ■which  con- 
tist  in  mutilation  or  removal  of  llic  utTobellum  liavt;  yiebleil  very  uni- 
furm  results  of  a  striking  cbaraetiT,  and  not  similiir  to  tliose  caused  by 
injury  lo  otber  parts  ol'tlie  brain.  Tliose  fltl'ets  weru  first  dehcribt'd  by 
Floiirens  in  IS42;'  and  notwitbstfitiding  liio  great  activity  of  n-swirch 
upon  tile  nervous  system  since  tliat  time,  ibe  results  obtained  by  him 
have  been  uniformly  corroborated  in  all  essential  particulars  by  subse- 
quent observers.  The  phenomena,  which  are  of  a  Kimilai'  natnre  in 
dirterent  species  of  jiiiiinals,  have  ijeen  seen,  by  Flourens  or  others,  in 
the  pigeon,  fowl,  duck,  turkey,  and  other  birds;  and,anif)ng  quadrupeds, 
in  the  «log,  the  cat,  tiie  mole,  the  rat,  and  the  jjuinea  pig. 

The  effect  produced  by  destruction  or  lemoval  of  the  substance  of  the 
cerelH-'lluin  cmsists  in  a  pi-euliar  dis^irdor  of  the  movements  of  the  body 
and  limbs,  from  want  of  harmojiy  in  their  muscular  action.  The  power 
of  associating  the  contractions  of  ditferent  muscles,  in  such  a  way  as 
produce  co<»rdin:ited  muveuu'tits,  is  lost  or  impaireil  in  projiortion  to 
the  injury  inflicted  u])un  the  uervous  centre.  If  in  a  liviiiy;  pigeon  the 
cerehellnm  be  exjiosed,  and  a  portion  of  its  substance  teniovetl,  the 
animal  exbiliits  jit  once  a  characteristic  uncertainty  in  the  gait,  and  in 
the  movement  of  the  wings.  If  the  injury  lie  more  extensive,  the  litnl 
loses  altogether  the  power  of  flight,  and  can  walk,  or  even  stand,  onh- 
witJj  dilUculty.  This  is  not  owing  to  any  actual  paral^-sis,  for  the 
movements  of  the  limbs  are  often  quite  rapid  and  energetic;  but  is  du« 
to  a  deficient  control  over  tlie  muscular  contractions,  similar  to  th:it 
seen  in  a  man  in  a  state  of  intoxication.  The  movements  of  the  legs 
and  wings,  though  forcible,  are  confused  and  Itlundering;  so  that  the 
animal  cannot  direct  his  steps  to  any  particular  fi]>ot,  nor  support  him- 
self in  the  air  by  flight.  He  reels  an<l  tumbles,  but  can  neitiicr  walk 
nor  fly. 

The  senses  and  the  intelligence  are  nt  tlie  same  time  unimpaired,  and 
this  circumstance  causes  a  striking  difference  between  the  phenomena 
producdl  by  reraf>val  of  the  cerebrum,  and  those  following  removal  of 
the  cerebellum.  If  these  two  operations  be  ili>ne  up(jn  dilferent  pigeons, 
and  the  two  animals  placeil  side  by  side,  the  first  pigeon,  from  which 
the  cerebrum  only  has  Lkcen  removed,  remains  standing  firmly  ujjon  his 
feet,  in  a  condition  of  complete  repose;  and  when  compelled  to  stir, 
he  moves  sluggishly  and  unwillingly,  but  otherwise  acts  in  a  perfectly 
natural  manner.  The  second  pigeon,  on  the  other  Land,  from  which 
the  ccrelx*llum  only  has  been  taken  away,  is  in  a  constant  state  of 
agitation.  He  is  easily  excited,  and  frequently  endeavors,  with  violent 
struggles,  to  e8ca|vo  from  one  ]flace  to  another;  Itut  his  movements  iire 
sprawling  and  unnatural,  and  no  longer  under  the  eflectufd  control  uf 
the  will.  If  the  entire  cerelK;llnm  be  destro}  ed,  the  ainranl  is  incapable 
of  assuming  or  retaining  any  natural  posture.     His  legs  and  wings  arc 


'  Rechercbes  Ex p^rimon talcs  sur  lea  Propri^t^s  et  Ie9  Fooclions  du  Systkine 
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agitated  with  Inofrectual  niovi'iuetus,  which  are  evidently  voluntary  {& 
citaracter,  but  are  at  the  same  time  irreguhir  nud  eunfusetl. 

The  dirt'et  iiit'erervce  which  may  be  dcriveil  IVoni  theue  pbenoinena  is 
thut  the  j>ower  ol'  eo-oitliualiuii  or  iisbociatiau  ol"  voluntary  umvimenU 
of  the  body  and  liinbH  renideH  in  the  cerebeiluiu  a«  a  nervous  centre,  atul 
thftt  this  iiower  is  aeeordingly  lost  or  impaired  by  injury  of  its  boIv 
stance.  It  is  evident  that  RUeh  a  [lOwer  really  exists  under  some  form 
in  the  nervous  HyMteui.  2v'o  natural  coordinaled  movements  are  etfecte*! 
by  tht*  indepemleJit  eoulractiou  ol  separate  muscles,  but  always  by  a 
number  of  mu«eles,  or  groups  of  iiiuucles,  aetm^  in  harmony  with  each 
other.  The  extent  and  variety-  ui'  this  muscular  association  vary  in 
dittVrent  classes  of  nnimnlM.  They  are  very  considerable  in  binls  and 
((uadrupeds  as  conipareil  with  fish  and  reptiles,  ami  reach  in  man  iheir 
highest  grade  of  development.  Even  in  maintaining  the  ordinary-  pos- 
tures of  standing  or  sittinej,  many  different  muscles  are  brought  into 
action  together,  in  each  of  wbieh  the  degree  of  contractiim  must  he 
accurately  ]iro|tortione<l  to  that  of  the  others.  In  the  motions*  of  walk- 
ing and  running,  or  in  the  still  more  ilelieate  movements  of  the  hands 
:nid  hiigors,  this  harmony  of  action  is  iniU8jM.*nsable  to  the  efliciency  of 
the  muscular  a[ttMkrutus. 

Notwitlistatiditig  the  fact  that  this  power  of  co-oTtlination  is  invarinblj 
flisturbed  by  injuries  of  the  cerebellnm,  it  ia  doubted  by  some  writers 
whether  it  can  be  strictly  attributed,  us  a  i>hyBiologieal  function,  to  this 
piirticuliir  part  of  the  nervous  system.  The  grounds  ui)on  which  this 
doubt  is  base<l  are  twofold;  first  the  subsequent  recovery  of  the  power 
of  coonlination  by  animals  after  injury  or  partial  removal  of  the  cere- 
bellum, and  secondly',  the  results  of  certain  i>alhologieal  observations! 
in  the  Jnnnan  subject. 

L  Beiftoralion  of  the  Co-ordinating  Power  in  Operated  Animals.-^  \ 
It  is  certain  that  animals  may  be  affected,  after  partial  extirpation  of 
the  cerel>ellun],  with  well  marked  loss  of  co-ordintiting  power,  antl  that 
they  may,  in  some  instances,  .substrpiesitly  recover  this  power  \^ithout 
regeneration  of  the  lost  nervous  substance.  Tliis  recovery  was  obsen'ed 
by  Floureim  in  the  fowl  and  in  tlie  pigeon,  ami  has  been  seen  by  Flint' 
in  the  [>igeon  after  removal  of  altout  two-tbirtls  of  the  whole  mass  of  the 
cerelx'llnm.  We  have  also  met  wiLb  four  instanees  of  the  same  kind. 
In  the  fust,  about  two-thinlH  of  the  cerebellum  was  taken  away  by  au 
opening  in  the  posterior  part  of  the  cranium.  Immediately  afterward^ 
the  pigeon  showed  all  tlie  usual  effects  of  the  oinerntion,  being  inca|mble 
of  flying,  walking,  or  even  of  standing  still,  but  only  reeled  an«l  sprawlei) 
in  a  perfectly  helpless  nmnner.  In  five  or  six  days  from  that  lime,  he 
had  regained  a  very  considerable  eontrrd  over  the  voluntary  movements, 
and  at  the  end  of  fcixteen  days  his  power  of  muscular  co-oniinatton  waai 
so  nearly  perfect,  that  its  deficiency,  if  any  existeil,  was  im|)erceptiblr. 
He  was  then  killed;  and  on  examination,  it  was  found  that  his  cerebel- 
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Ititn   remaJued  in  nearly  the  same  conditioii  as  immefliately  after  the 
operation;  nltoiit  two-tliinls  of  its  substance  being  deficient,  witb  no 

E'on  of  the  hist  parlH.     Tlje  acctmiimiiyiug  figures  show  tbe 


Fig.  166. 


Bhaik  or  Healthy  Piokok— Pro- 

K».— 1.  CprohrHl  hcDiUpherf.  2-  Optic 
r.    8.  Cerebcllam.    4.  0])tla  nerre. 

Rkat)(  nr  Hbalthy  Piobok— P(»' 
terlur  rlew. 


BRAiif  or  Oprbatkh  Piobck— 
Proflle  rlow— sliowlog  ttie  mutilation  of 
the  cerebellum. 


Fig.  167. 


Braih  or  Opkiiat«d  Pioboh  — 
Posterior  virw— showliiir  the  mutilntlna 
of  the  cerebellum. 


In  the  thrt>e  remnining  ofl^es  tlie  quantity  of  nervous  Bnbstancc 
relnovtNi  amounted  to  about  one-half  the  mass  of  the  cerebelliHii.  The 
loss  of  o<>-<irdiiiat(iip  jiowef,  imniedi.-iiriy  after  the  o|>t'rulion,  thou;j;h 
itss  ei»m|)leLe  than  in  the  preceding  instunee,  was  i>erfectly  well  marked  j 
»<1  in  little  more  than  a  fortnight  tlie  animals  had  nearly  or  quite 
'recovercii  the  iiatiTral  control  of  tlieir  motions,  so  far  na  could  be  seen 
while  they  were  kept  tinder  oltservaliou. 

I    It  is  evident  that  in  these  cases,  if  the  oereVK'lhiin  be  really  the  se.nt 

^ef  a  phyfiiolopical  eo-onlinnting  j)ower»  there  arc  two  effects  pro<luce«l 

by  the  ofieration,  which  hhonlil   be  carofidiy  distingnislu-d   from  eaoii 

other.     The  first  of  these  etfects  'f^  the  8lio<k  dne  to  the  HtifiHett  injury 

of  ihe,  cfirrbi'lluvi  ns  a  vhoh-.     This  effect  is  temporary,  and  may  lie 

pcovered  tvoru  in  tinir,  provided  the  animal  be  sufficiently  strong  to 

"survive  the  immediate  nK-cbaiiieal  lesion.     Tiie  remainiu!;  effect  is  that 

due  to  Ibe  Iokh  of  nerooitx  anhstonrr  ;   and  this  effect  nun>t  of  course  h>e 

irmaiieiit,  unless  the  nervou.s  matter  lie  regenerated.     In  the  cases 

?tailed    above,  tbe  greatest   amount   of  disturbance  seems   to   have 

lepended  npon  the  siidtlen  itijmy  to  the  nervoua  centre  as  a  whole;  and 

the  animnls  rccoviTcd,  to  a  great  extent,  their  power  of  c«»-ordinution, 

with-ilauiling  that  from  one-half  lit  two-thirds  of  the  substance  of 

cerel>eUuiii  was  permanently  lost. 
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The  recovery  of  a  uervouB  fiinetion,  after  permanent  loss  of  nei'votii 
siibslnnce,  is  not  pepulinr  to  the  cereln-lluui,     Flourens  has  ohsfcrvtsl 
the  sHUie  tiling  in  nrganl  to  the  cerehral  lieniis|jUeres  in  tlie  pig^oOtj 
tlir  intellectdal   Jitnl  perceptive   fiiciilties  being  totally   siis^ix-nded  in*-] 
nieiJitttely  alter  partial   removal  of  the  hemisjiberes,  l>ut  again  restorw] 
lifter  the  lapse  of  several  daya.     But  this  reHtoration  only  takes  pluo 
where  the  removal  of  the  nervouH  centre  is  partial;  and  in  the  cerebtl- 
liini,  as  well  as  in  the  cerebriini,  after  coni|iIete  extirpation,  I  he  loss  of 
fiinctiou  is  a  penniinent  tine.     In  the  experiment  of  Flourens.  where 
fowl  lived  for  four  uiontlis  afler  entire  removal  uf  the  cerebelluiu,  tUt: 
was  no  recover}-  af  co  ordinatin^  power. 

It  is  to  be  n-JUfmbered  thiit  iiirds  lUid  otlier  animals,  when  Confined  td 
the  limited  space  of  n  liilporatory,  have  no  ojiportanitj*  of  exercising  li 
more  complicated  and  active  iaov<-meuts  natural  to  them  in  u  oonditii 
of  freedom  ;  and  aeeordinfjly,  they  might  not  show  an^- great  deficiene] 
of  nniscuhir  eo-ordiii:iti(>n  wluk-  in  roidint-iuent,  though  they  mi^hl  ulil 
be  incapable  of  executing  all  the  movements  of  natnr.nJ  flight.  The 
simpler  motions  may  continue  to  be  i>erformed  with  only  a  part  of  the 
cerebellum  remaining;  bnt  we  are  nut  sure  that,  even  in  these  cases,  a 
portion  of  the  co-ordinating  jiowcr,  corresponding  m  ith  the  destructicHi 
oC  iHTvoiiH  substanc*',  has  not  bien  permanently  lost. 

II.  Pathological  Observaiiona  in  the  Human  Subject. — The  same  nv 
mnrk  will  apply  to  the  pathological  ol>servations  in  man  which  hare 
sometimes  considered  as  neutralizing  the  reBult  of  ex|X'riment8.     Thes 
are  niaiidy  casus  in  which  U"<ioiis  of  the  cerebellum,  more  or  less  ej 
tensive,  have  existefl   witlioiit  recorded  disturbances  of  co-ordinatic 
similar  to  that  produeerl  in  Riiimals  by  mechanical  injury-  of  the  pai 
In  a  large  majority  of  these  instances  the  patients  were  confined  to 
sick-room,  and  in   many  of  them  t<»  the  bud ;  consequently  there  coni< 
Le  no  opportunity  of  observing  a  want  of  natural  co-ordination  in  ll 
more  complicated   movements,  if  any  such  existed.     A  patient,  j»lso. 
whom   the  loss  or  dimimition  of  a  motor  nervous  function   comes 
gradually,  aceommodates  hinisilf  to   it   by  abstaining  from  the  attempt 
to  perfonn  movements  of  which  he  is  incapable,  and  confines  himself 
those  whicli  he  is  still  able  to  perform.     Furthermore,  in  many  case«  <4 
disease  of  the  cerel)elliim,  symptoms  f»f  want  of  co-ordinating  powt 
have  been  distinctly  noticed  and  reconlefl. 

The  data  derived  from  eomparatim  aoalomy  show  a  genei-al  corr<! 
spondence  in  the  development  of  the  cerebellum  and  the  variety  at 
coni])lic:ition  of  muscular  nctioii.  In  fish,  as  a  rule,  it  is  of  good  si] 
compared  with  other  parts  of  the  bitiin:  and  although  direct  progivssioi 
in  this  class  is  accomplished  by  a  compantti\fly  simple  mechanist 
namely,  the  lateral  flexion  and  extension  of  the  spinal  column  with  it 
expandeil  fins  and  tail,  yet  thdr  movt^ments  through  the  water  or  ii 
leaping  out  i>f  it,  while  piir.suing  and  tuking  their  prey,  are  remurkablj 
rapid  and  vigorous,  ami  are  promptly  varied  in  any  direction.  In  th4 
frog,  on  the  other  hand,  the  movements  of  progression  consist  of 
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kan  straiglitforwaivl  flexion  and  extension  of  the  posterior  limbs ; 
and  the  cerebellum  in  excb«ditigly  small,  niucU  inferior  in  size  to  that 
of  figlies,  axitl  forjus  only  a  Uiin  imrrow  ril)l»()U  of  nervous  matter 
strctclitHi  across  tlie  upper  piirt  of  tLc-  tburtli  \<cntrich\  In  the  clic- 
lonia,  or  turtles,  the  movenaeiits  of  tbe  body  are  ncci>nipliished  by  the 
consentaneous  uelion  of  the  unlerior  luid  posterior  liuibs,  nnd  those  of 
the  head  and  neelt  are  also  nmeh  more  varied  ihiin  in  the  frog,  while  the 
cerelielhim  exhibits  a  correHix>ndsiig  increase  uf  development.  In  the 
alligator  and  allied  species,  whose  motions  approximate  more  cioselj'  to 
those  of  the  quadrupeds  than  ia  the  case  with  other  reptiles,  the  cere- 
Ix-llutn  h  also  larger  in  proportlou  to  the  remaining  parts  of  tlie  brain. 
In  birds,  in  quadrupeds,  an<i  in  man  there  ih  a  very  evident  increase  in 
the  size  and  convolutions  of  the  cereljelliim,  correBponding  with  the 
greater  variety  and  delicacy  of  nioveincnls  Mliich  they  are  capable  of 
jwrfurnnng.  These  facts  are  not  dcciMve  in  determining  the  ])hysio- 
logical  function  of  thia  portion  of  the  brnin,  since  other  nervous  endow- 
ments also  vary  in  their  degree  of  develojnnent  in  dilfen  iit  animals  an<l 
in  man ;  but  they  show  that  the  assuiniillon  of  a  co-ordinating  power  in 
the  cerebellum  18  not  at  variance  with  the  comparative  anatomy  of  the 
nervous  system. 

Everything  which  we  know  with  certainty,  therefore,  in  regard  to  the 
cerebellum,  indicates  its  close  connection  with  the  power  of  co-ordination 
for  the  niovcmentfi  of  the  botly  and  limbs.  It  cjintiot  be  leganleil  as 
exclusively  presiding  over  this  fnnetion  ;  since  there  is  strong  evidence 
that  the  posterior  columns  of  the  spinid  cord  are  in  great  measuro 
devoted  tJt  the  same  purpose,  ami  their  morbid  alteration  necessarily 
induces,  in  man,  the  disense  known  ps  locf'motor  ataxia.  Ihit  the  i>os- 
terior  cobinins  of  tbe  cord  form  !iy  ibeir  divergence,  at  the  level  of  the 
fom-tli  venlricle,  the  inferior  jRihinclcH  of  the  cerelielhim.  The  cerebei- 
lum  a<-curdingly  is  a  highly  developed  ami  convoluted  nervous  centre, 
plneed  at  the  ujiper  extremity  of  the  cord,  and  communicating,  by  tracts 
of  white  substance,  with  its  posterior  columns.  The  >^pinal  cord  itself 
is,  of  course,  essential  to  the  co-ortlinated  motions  of  the  body,,  nrnis, 
and  legs,  since  its  |K>9terior  columns  are  for  them  the  »lirect  agents  of 
control  ami  commuuieation  ;  but  the  eerebellutn  m:iy  also  he  regar<led 
as  a  focuii  or  nervous  eentre  of  reflex  action  for  nil  the  more  vigorous 
and  com[»licatcd  movements  of  the  trunk  and  limbs. 

The  Tnber  Animl&re. 
The  tuber  annulare  is  an  istliniiis,  which  miikes  connection  between 
the  remainin;^  parts  r)f  the  eneepli;ik>n  al)ove,  and,  through  the  me<lulla 
oblungata,  with  the  spinal  con!  below.  It  may  be  <le.8cribe<l  in  general 
terras  as  constituted,  1st.  by  buigitiidinal  tracts  of  white  substance, 
the  prolongation  of  the  anterior  pyramids  of  the  me<hdla  oblongata, 
which  pass  through  it  in  a  nearly  straight  course,  becoming  continuous 
above  with  the  crnrn  cerebri;  2<l,  by  transverse  bundles  of  white  sub- 
ice  coming  (Vom  the  two  sides,  and  encircling  it  with  the  siipcrticial 
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bnnd  of  arcbed  fibres, ktiown  as  the  pons  Varolii,  or  groat  commissure! 
the  ccrebelkim ;  Jinil  3<.l,  by  a  tlejjosit  of  gray  substance  coutained  in  it 
iiitt'iior,  ami  more  or  less  nuuglcd  with  its  other  |>ortion8.     Tlie  tuU 
aiiiuilare  is,  therefore,  like  the  other  central  uiasties  of  the  encephnluOfl 
at  tlie  same  time  a  channel  oi  cuituitunicatiun  l>etween  the  interior  and 
the  exterior,  and  a  nervous  centre  with  special  endowments  of  itjs  own. 

In   the  most  superlieial  portions  of  the  pons  Varolii,  the  transvci 
bun  (lies  of  nerve  liLnts  are  clusely  packed  together,  without  any  percef 
ti  I  lie  admixture  of  nerve  cells.    The  deposit  of  gray  substance  commen< 
however,  according  to  Heiite,  nt  a  aliort  distance  below  the  surface,  occt; 
j»yiug  minute  sp.ices  l>etwcen  llie  transverse  bundles,  and  conbiininf 
Btilhite  nerve  cells.     Beneath  the  superficisil  Iriinsverse  liundies  of  tt 
pons  come  the  Inngitudiiiul  tracts  of  [lyriiraidal   nerve  fibres,  and 
neath  these  a^uin  a  deeper  layer  of  transverse  commissural  fibres.     Tl 
tleposit  of  gray  matter  in  the  pons  is  still  riuire  abundant  in  its  dccf 
tluui  in   its   superficial   layer;  often   alternating,  according   to    lienlGfl 
with  the  transverse  bundles,  in  interspaces  of  ^  miJliinetre  in  thickuess. 
It  also  fills  a  si»ace  about  2  millimolres  wide,  on  euch  side  the  media 
line,  between  the  two  pyraniidal  tracts  of  white  substance. 

I'ltifHiolvijical    Prop4T(ieg    of    the    Tuber    Annulare. — In    the    tuber 
annuLtre   tJie   phenomena   both    of  excitability  and   sensibility,  under, 
artificial  irritation,  Ijecomc  much  more  marked  than  in  the  great  cent 
of  the  cerebrum   and    cerebellum.     According  to   Longet,  a  galvauit 
stiranhis,  when  the  electrodes   are  passed   into  llie  .substance   of  thl 
organ,  jtroduces  distinct  convulsive  movements  even  in  recently  killed 
animals,  although  itsextenud  surface  does  not  appear  to  be  excitable  hyj 
similar  means  either  in  front  or  behind.     Very  slight  irritation  of  it 
posterior  surface  has  been  fouml,  by  both  Longet  nnd  Vulpian,  to  pivj 
rise  in  the  living  animal  to  indications  of  ]).airi ;  hut  this  etfect  may 
partly  due  to  the  contiguity  of  the  sensitive  nerve-roots  which  traver 
the  nervous  substance  in  this   situation.     Excitability  and    scnsibililj 
are  id^io  manifested  lui  irritating  the  crura  cerebri,  between  the  tul 
annuhirc  and  tiie  cerebral  ganglia. 

The  mituic  of  the  physiological  actions  taking  j)lace  in  the  tulterj 
annulare,  as  a  nervous  centre,  can  only  be  studied  by  oliserviug  ll 
ellects  ]>roduced  Iiy  its  injury  or  rcmov.'d,  in  com|>arison  with  otbel 
jiarts  of  the  ence(tlialic  mass.  It  is  seen  that  the  cerebrum  and  cer 
bell  urn  may  be  taken  away,  either  together  or  separately,  without  d< 
stroying  the  evidences  of  sensibility  or  the  power  of  motion.  Accoitlinj 
to  tlie  experimcuts  of  both  Longet  and  Vulpian,  the  cerebml  hcini 
sjiliercs,  the  cerebellum,  the  corpora  striata,  the  optic  thalami,  and  th< 
tubercula  quadrigeraina  may  all  be  removenl,  in  dogs  and  rabbits,  an^ 
yet  the  signs  of  sensibility  and  the  power  of  motion  in  the  limbs  con 
linue  to  exist;  and,  if  the  cerebcllura  remain,  th«'  normal  attitude  of 
the  body  and  limbs,  and  even  the  ]iower  of  progression,  ma3-  still  Iiq 
maintained. 

The  manifestations  of  these  ner^'ous  functioits,  however,  ait;  so  inuc 
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diminished  after  extirpation  of  the  cerebral  beinispheres,  that  some 
writers  h«ve  suspectt*!  that  lliey  mig^ht  belong  to  tbe  category  of  un- 
conscious and  invohuitiiiy  ictiex  actiuiis,  Longet  ami  V'uipitui,  on 
other  hand,  insist  upon  the  fact,  observed  by  both,  that  after 
Rinova!  of  the  whule  brain,  witli  the  excoption  uf  the  tuber  ainiiihire 
uihI  medulla  oblongata,  irritation  of  tbe  exletiuJ  parts  or  of  a  sensitive 
nerve  will  produce,  in  ilogs  ami  rabbits,  crii'S  wliieh  are  evidently  the 
ppessioii  of  a  conscious  sensation.  This  itlnno  shows  that  the  unimals 
r  such  a  mutilation  may  be  still  ca]inbie  of  feeling  pain ;  and, 
according  to  Vuij»ian,'  atler  extirpation  of  the  lifiiiisphores  and  the 
cerebral  »:angliia  in  the  rat,  moviUK-nl!i  t>i'  tht-  head  and  liuiba  were  not 
only  jiroduciid  by  pinching  the  integument,  but  blowing  suddenly  upon 
one  of  the  ears  caused  shaking  of  thf  head,  accompanied  by  winking  of 
the  eyes;  showing  that  the  animul  was  still  sensitive  to  ordinarj^  tactile 
impressions,  as  well  as  to  those  of  a  painful  cliaracter.  The  same 
expei'inicnti-r  has  found  tliat  in  a  rat,  after  the  above  operation,  a 
hitising  tiound  made  by  thu  ii[is  excitt'd  r(>(>eatedly  distinct  signs  of 
agitation.  From  tiu-se  facts  ii  can  hardly  Ik?  doubted  that  sensations 
are  actually  percuive<l  by  the  animal  so  long  as  the  tuber  annulare 
remaina  uninjured. 

There  is  no  evidence,  however,  that  in  these  cases  there  is  anything 
more  than  the  sirnijlc  sen^^ation,  without  conscious  recognition  of  its 
origin  or  significunce.  80  far  as  we  can  judge,  the  animal  under  these 
circumstances  may  lie  capable  of  feeling  pain,  but  not  of  understanding 
the  cause  by  which  it  was  produced.  He  may  be  conscious  of  the 
ftenaatious  of  light  or  of  HOund,  as  existing  in  himself,  without  refer- 
I  ring  them  to  any  ext^-rnal  Hource.  This  is  tlic  fidl  exlenl  of  sensibility, 
^^ps  it  can  be  supposed  to  exist  in  the  tulier  annulare. 
^H  A  similar  limitation  must  1»e  placed  on  the  action  of  the  voluntary 
^HduscIcs  so  far  as  it  is  excitL-<l  b3'  the  tuber  anttulare.  These  motions 
'  have  the  appearance  of  vulition,  so  far  as  tUcy  consist  in  attempts  to 
aintain  or  recover  the  natural  altitude,  or  in  those  of  progression;  but 
is  not  a  volition  which  has  any  inli'lligent  understanding  of  Its  pur- 
It  follows  iminfiliately  upon  the  receipt  of  the  setisalion  which 
ites  it,  and  is  therefore  a  reflex  action;  but  it  dilfers  from  the  reflex 
tion  of  the  spinal  cord  maiidy  in  the  fact,  that  it  is  accompanied  or 
riKiedetl  by  a  conscious  sensation. 
The  evidence  thus  I'ar  In  our  possession  goes  to  show  thai  the  tuber 
annuIarL*  is  eHjiecially  conntnited  with  reflex  actions  0/  an  emotional  and 
ivxtindivi'  ihaiuiler.  These  actions  ilitfer  from  those  connecte«I  with 
the  mental  faculties  in  being  comparatively  little  under  the  control  of 
the  judgment  or  the  will,  and  in  Iwing  directed  l)y  an  unreasoning  im- 
[inlse,  where  the  act  follows  immediately  ujion  the  receipt  of  the  sensa- 
tion.  To  this  class  belong  tbe  purely  instinctive  acts  performe<l  by 
'  I  or  man,  in  which  there  is  no  direct  recognition  of  their  ulti- 
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mnte  object,  but  only  of  the  immwliate  stimulus  upon  which  the3' depend. 
All  lilt'  uinotioiis,  and  the  expressions  to  which  tliey  give  rise,  are  ner- 
vous plieuomeiin  of  this  kimi.  The  leclings  of  clieerfulness  or  depred- 
siou,  batisliictiou,  Uilni  ity,  or  disiilea«ure,  are  I'Xijresswl,  whenever  th«'jr 
i-each  11  certain  degree  of  intensity,  l»y  teiirs  or  langhter,  bj-  inarticulate 
sitiirids,  attitudes  or  movements  of  the  body,  whioli,  though  not  inten- 
tionally ealetilateil  to  produce  tliat  effect,  are  at  once  under&tootl  by  all 
wliM  Hee  or  hear  them.  I  a  man,  certain  diseases  of  the  bruin  induce  n, 
cotiiUlioi)  ill  which  the  cmoLiouid  phutioiiiena  ale  mucli  more  easily 
excited  than  in  health,  either  from  an  undue  activity  of  the  ncrvoiu* 
centre  in  wliicli  thiy  are  located,  or  from  the  dimiuished  influence 
exerted  o\er  them  by  the  CL-ri^lual  hendHpheri's.  In  these  infitanoe*, 
the  iUfUvidual  is  nioActl  to  anger,  laughter,  or  tears  on  the  most  Iriviid 
occasions,  and  from  causes  which  wouM  not  produce  such  an  effect  in  & 
coiJilition  of  lit-alth;  tlie  feelings  thus  expressed  lu-ing  quite  uncontrol- 
lable fur  the  time,  although  the  patient  may  bv  conscious  that  they  have 
no  reaaonuble  motive. 

The  action  of  I  lie  tuber  annulare,  as  the  centre  of  tiie  emotional  un- 
judses,  is  no  doubt  closely  eonuecled  with  its  iutiueuce  over  the  attitu)le 
and  locomotion.  The  manner  in  wbirh  these  two  t'mietiona  are  performed!, 
evi'U  in  man,  takes  a  great  kIuuc  in  the  manifestation  of  the  emotions,  and 
in  many  of  the  lower  animals  forms  the  [jrincipal  means  by  which  they 
are  cx[>ressed.  The  normal  jinstiires  of  t!ie  body  an<l  limbs  and  the 
movements  of  progression,  although  they  are  still  possible  nftcr  de- 
struction of  the  ccrcliral  hemispheres  and  ganglia,  are  at  once  abolUhe^l, 
according  to  Vulpian,  if  the  tuln-r  aiuuibire  be  removed  or  extensively 
injured. 

There  is  no  doubt,  also,  that  the  other  nervous  faculties  which  have 
been  enumerated  as  connected  with  the  tuber  annulare;  come  to  an  end 
as  soon  ns  tliis  organ  is  siibjecteil  to  mutilation.  With  the  destruction 
of  the  tuber  annulare,  according  to  the  gi'ueral  testimony  of  experi- 
menters, all  indications  of  sensibility  and  volition  disapixiar,  :uid  the 
ajiimal  body  13  reduced  to  the  comlitiou  of  a  helpless  and  uuconscious 
machine,  in  which  the  functions  of  respiration  and  circulation,  with  cer- 
tain other  involuntary  rellex  phenomena,  are  the  only  remaining  mani- 
festations of  nervous  action- 

The  Hedvlla  Oblonf  ata. 

The  medulla  oblongata  is  distinguished  from  tlie  spinal  cord,  of  which 
it  is  a  conHrmatitui,  not  onlj'  by  it'H  external  form,  but  also  by  the  «lif- 
ferrnt  arrangement  both  of  \Ik  bundles  of  nerve  librcs  and  of  the  gray 
substance  in  its  interior. 

In  the  spinal  coni,  the  anterior,  middle,  and  posterior  columns  of 
white  substance  all  consist  mainly  of  paralKl  fibres  running  in  a  longi- 
tudinal ilirectiou  ;  while  there  is  a  narrow  band  of  transverse  fibres,  the 
whit4?  commissure,  at  the  bottom  of  the  anterior  median  fissure.  In  the 
medulla   oblongata,  a  much  larger  number  of  horizontal  and  oblique 
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fibres  ranke  their  appfaranco,  pdssiiig  from  one  sUle  to  the  other.  The 
greater  [jart  ol"  thette  fihrts  come  from  llie  contiDUiiLioim  of  the  lateral 
and  |)08terior  culuinns,  and  iVoni  tlit"  posterior  hoi  ns  of  gray  matter, 
wlience  they  piitm  lorward  and  inward,  uiid  cross  euc-h  other  on  the 
median  line  at  the  place  previously  oceiipieil  l>y  the  whitu  eonnmit^Hurer 
The  inereasiDg  nundier  of  thvse  interchanging  fibres,  and  the  fad  that 
they  cross  the  median  line  in  Innidled  orcnusiderable  size,  and  in  an  ob- 
lique direetii>ji  from  Im-Iow  upward,  produce  the  cunrnrniation  visible  at 
the  anterior  surface  of  the  medulla  oblongata,  and  known  ns  the  dfcua- 
nation  of  the  pyranit'fls.  After  trussing  tVoni  one  8i<le  to  tlie  other,  the 
fibre*  again  gradually  take  a  longitudinal  direction,  and  it  is  on  this 
account  that  the  \n  rarnitlj*  increase  in  sixe  from  below  upward.  Tlie 
pyramids  accordingly  consist  of  fibres  which  are  derived  from  the  latuial 
and  posU'rior  colutnns  of  the  opf)o«ite  sitle  of  the  cord.  They  are  not 
the  continuation  of  the  lougitudiiiul  tracts  which  form  the  anterior 
coUnniis  Iwlow  ;  these  eoluiinis,  on  the  contrary,  diminishing  rapidly  in 
size  from  within  outward,  until  titey  disajipear  almost  completely'  above 
the  level  of  the  decussation  of  the  pyramids.  Thus  the  decussation  of 
the  pyramids  represents  that  of  all  the  remaining  Kmiiitudinal  fibres  of 
the  8[iinal  conl,  so  far  as  it  takes  place  in  the  medulla  tiblongata. 

The  longitudinal  lilirea  of  the  jjosterior  cohimns  also  diminish  con- 
siderably in  number  in  the  medntla  oblongata,  as  shown  by  IJenle, 
owing  to  their  taking  a  horizontal  direction,  forwanl  and  inward,  to 
reach  the  decns^ation  of  the  anterior  pi,  ramids ;  while  the  remaining 
longitudinal  Qbres  of  these  columns  pass  into  and  through  the  restitbrni 
bodies  to  the  white  substance  of  the  cerelMiUmn. 

The  arrangement  of  the  grni/  i<iibstame  in  the  medulla  obloiigata  is 
also  diHtrent  from  that  presented  in  the  sj)inal  cord.  In  the  first  place, 
according  to  the  observations  of  Kolliker,  it  increases  in  quantity  from 
Ix'low  upward.  Secondly,  the  central  mass  of  gray  8ul)stance,  which  in 
the  cord  surrounds  the  central  canal,  and  sends  out  on  each  side  the 
anterior  and  p«isterior  horns,  recedes  in  llie  medulla  oblongata  farther 
and  farther  backward  ;  the  posterior  horns  spreading  out  laterally,  and 
the  remainder  occupying  the  8|)ace  between  tliem.  The  posteri<»r 
median  fissure  also  beeotne^  gradually  shallower  and  wider  by  the 
divergence  of  the  po«leniir  columns;  antl  the  central  canal  apjiroxi- 
mates  the  posterior  wall  of  the  medulla,  flnally  opening  upon  its  surface 
at  the  lower  part  of  the  fouith  ventricle.  Tlie  gray  substance  of  the 
nKHlulla  oblongata  is  thus  uneovensl  posteriorly,  and  forms  a  layer 
spread  out  laterully,  on  each  side  of  the  median  line,  imnu-diately  la;- 
' Death  the  floor  nf  the  fourth  ventricle.  It  extemls  forward,  without  any 
complete  interruption,  l>eneath  the  whole  length  of  the  fourth  ventricle 
and  tlie  a«pieduct  of  Sylvius;  and  it  is  this  layer  of  gra}'  substance 
which  gives  origin,  at  various  p^Jints,  t«»  the  fibres  of  all  the  cranial 
nerves,  excepting  the  olfactory  and  the  optic. 

Thirdly,  the  medulla  oblongata  in  distingnishe<l  by  the  appearance, 
in  its  interior,  of  other  deposits,  or  nuclei,  of  gray  substance,  detached 
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from  those  belonging  to  the  spinal  coixt.  The  moat  marked  of  these  h 
the  of iwary  uucletm ;  a  convoluted  luminn  alKJUt  one-third  of  a  milli- 
niL'tre  in  thicknosH,  occupying  the  inti-rior  of  the  olivary  body  on  tucli 
Bide^  just  below  the  inferior  border  of  the  pons  Varolii. 


TxAifBTiBiS  Sbotiok  OF  Ht'MATi  MauptLA  Oblokoata,  «t  the  lower  |mrt 

of  tue  faurttt  vculrlele.— No,  Olivnry  nualeus.  R,  Raphe,  nt  the  mrdlnn  nnu.  Xi;t,  Nuoleu* 
oS  \Ut!  gIdfiKO-iihnryiiKenI  iktv<'.  Nv,  Nucleus  of  the  pDrumuKaitrlo  Derv*.  Nh,  Nucleus 
of  the  tiypn^loanK)  nerve.  IX,  RootR  afihe  glogfo-phnryngeKl  nerve  .«th  p*ir)  h\  Ihelr  (toUtt 
of  emergence  from  the  mcdullt.  XII,  Boot!  of  the  hypnglnasnl  nerve  (18th  pittr)  at  tbdr 
point  of  emcrgenee  from  the  medulla.     Mn^ntfled  II  dlntnetcr*.    (Meule.) 


Ill  transverse  seolions,  ni'ar  its  upfx-r  or  lower  extremity,  the  olimnr 
nnclens  apjicars  completely  cloa(-><l,  hut  a  section  through  its  middle 
shows  a  gap  toward  the  median  lino.  It  forms,  therefore,  an  ovoid 
sac,  with  its  l<.>iig  dianifter  parallel  to  the  axis  nf  the  medulla^  and  an 
opening  at  its  middle  direetwl  inward.  Tiirongli  this  of)ening  hnndU'S 
of  nerve  fibres  peiit-trute  fnnn  the  white  suhslanoe  of  the  medulla,  and. 
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filling  tke  epace  inclosed  by  its  convoluted  wall,  pass  through  it, 
and  spretul  out  liiteruUy  in  a  dirergont  direcLiou. 

phyxinhijivii.1  Properlien  of  Ihf.  Medutta  Oblongata. — ^Thc  8itnple6t 
exnininution  of  tbe  moiluUa  oblongata  sliows.  that  its  physiolofrioui  pro- 
lH?rtie8  are  more  distinctly  niarkcil  tli:in  tliusu  ol*  any  other  pjtrt  of  the 
encephalic  mass.  It  ia  both  sensitive  and  excitable  to  a  bigh  degree^ 
especially'  in  ita  posterior  portions.  Artilicul  irritation,  by  mechanical 
or  gnlvanic  stiirirdiis,  causes  at  once  a  patiiful  sensation,  provided  the 
rest  of  the  brain  Ik*  uninjured,  and  ia  the  ri'contly  killed  Hninml  produces 
general  convulsive  mnvenients  of  considciiitilu  inti-nsity.  Tliese  ellects 
are  due  to  tlie  irritfibility  of  the  longitudiuul  fibres  connecting  the  me- 
dulla with  the  spinal  cord,  anri  to  the  roots  of  the  Kensitixc  and  motor 
cranial  nerves  which  take  their  origin  from  this  part  of  the  encephalic 
mass.  Since  the  oiedulla  is  the  only  bond  of  nervous  communication 
between  the  brain  and  the  spinal  cord,  its  section  at  any  point  also 
destroys  voluntary  motion  and  sensibility  throughout  the  body  and 
iimbs. 

Action  of  the  Mei}uUa  as  a  Ncrnous  Centre. — The  various  deposits 
of  gray  substance  in  the  itilerior  of  the  medulla,  and  their  connection 
with  nerves  of  widely  different  diRtributiou  and  functions,  are  the  pecu- 
liar features  of  its  anatomical  Htrncture.  The  results  of  experiment 
show  that  the  reflex  actions  taking  place  in  this  part  of  the  nervous 
system  are  also  of  a  special  and  distinctive  character. 

The  most  itn(vortnnt  uf  these  actions  is  connected  with  respiration. 
So  long  as  the  medulla  oblongata  is  left  uninjured,  although  the  cranium 
be  emptied  of  nil  the  other  nervous  centres,  the  movements  of  res|>ira« 
tion  and  circulation  go  on  without  essential  modification.  But  if  the 
medulla  be  destroyed,^  respi  ration  ceases  instantaneously.  This  effect  may 
l>e  prmlucetl,  without  injuring  otlier  parts  of  tbc  brain,  in  dogs  or  other 
warm-blooded  animals,  l>y  introducing  a  steel  instrument  from  behind, 
l>etween  the  e<lge»  of  the  occipital  foramen  ami  the  first  cervical  verte- 
bra, carrying  it  forward  in  the  median  line  until  its  point  rests  upon 
the  basilar  process  of  the  occipital  bone.  It  is  then  moved  from  side  to 
side  in  ►inch  a  way  as  to  break  up  the  substance  of  the  mcdnlla  oblon- 
gata, when  all  the  movements  of  resjdration  are  at  once  arrested.  The 
circulation  continues,  and  the  pulsations  of  the  heart  are  even  increased 
for  a  time  In  force  and  freqiu-ncy  ;  but  as  the  deficiency  of  aeration  in 
the  blorxl  l.iecomes  more  marke<i,  the  circulation  is  gradually  retarded 
^■■iid  after  several  minutes  comes  to  «n  end.  The  effect  of  this  operation 
^^pon  the  two  fimcttons  of  circulation  and  respiration  is  very  different. 
The  circulation  is  interfered  with  and  finally  susi^ended  in  a  secondary 
manner,  and  only  l>ecause  the  blond  is  no  hmger  arterial ized ;  respira- 
tion is  abolished  instantaneously,  as  the  immediate  reault  of  the  destruc- 
tion of  the  medulla  oblongata. 

The  medulla  is,  therefore,  the  most  important  nervous  centre  in  the 
brain  for  the  immediate  preservation  of  the  vital  fimctions,  and  the 
only  one  whose  injury  or  removal  produces  at  once  a  fatal  result  ' 
33 
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In  ninn,  qimrlrupwls,  and  binU,  it  is  a  vital  point;  since  i^rooni  tbe 
function  of  respiration,  over  wliich  it  ivresiiios,  is  necessary  fur  the  con- 
tinn!\nct*  of  life  from  one  moment  to  auotbtT. 

The  fact  that  sn<kleu  death  may  Ikj  produced  l)v  injury  of  the  cerebro- 
spinal axis  in  thin  region  was  kntjvvn  to  GnSeii,  who  Uesc'rilx*(l  the  metbotl 
of  killing  an  animal  by  section  of  the  spinal  eord  "at  tiie  u|j|ier  cervical 
Tertebne."  The  respiratory  nioveruents  of  tlie  chest  and  HUlomen  are 
however  necessarily  arrested  by  sectioQ  of  the  cord  anywhere  above 
the  third"  cervical  vertebra,  sinee  this  paralyzes  at  once  bt»th  the  dia- 
phrajim  and  tho  intercostal  muscles.  But  movements  of  inspiration, 
simiiltaneons  with  those  of  the  chest  and  abdometj,  are  also  performe«i 
by  the  gh)tti3 ;  and  in  most  of  the  qnadrupcds  there  is  at  the  same  time 
an  expansion  of  the  nostrils,  all  associated  with  each  other  in  the  act 
of  respiration.  If  the  s])inal  cord  be  divided  at  the  tliird  cervical  verte- 
bra tile  movements  of  the  chest  and  nb<lomen  cease,  but  those  of  tin? 
glottis  and  the  nostrils  continue,  since  the  ncrvea  supplying  these  parts 
are  still  in  conimnnicaiioii  with  the  medulla  oblongata.  Pcstruction 
of  the  medulla  itself,  on  the  other  hand,  ivrresta  at  the  Bame  instant  all 
movements  of  respiratinn,  both  in  the  Irnnk,  the  glottis,  and  the  face. 
It  is,  therelbre,  a  centre  Irom  which  the  respiratory  apparatus  in  general 
derives  its  stinmlua. 

The  more  exact  location  of  this  centre  was  investigate*!  by  Flourens' 
by  nuilving  transverse  sections  of  the  rnednlla  at  ditfercnt  parts  of  its 
length,  and  observing  the  etfect  prodnoed  upon  respiration.  The  result 
showed  that  injuries  of  this  kind,  inflicted  just  bejunil  the  point  of 
emergence  of  the  imeiimogastric  nerves,  deatroj-cd  ut  once  all  the  move- 
ments of  resjiiration  together,  liclow  this  point  the  movements  of  the 
chest  and  abtlomen  were  stopped*  Init  those  of  tlie  nostrils  and  glottis 
continued ;  above  it  the  movements  of  the  nostrils  were  arresteil,  while 
those  of  the  chest  and  abdomen  went  on. 

Similar  experiments  peifnrmed  liy  Longct  show  that  the  respiratory 
centre  does  not  extend  through  the  entire  thickness  of  the  medulla; 
since  either  the  anterior  pyramids  in  front  or  the  restiform  bodies 
behinrl  may  bo  destroyed  without  putting  a  stop  to  respiration  ;  while  ji 
lesion  passing  through  the  inlerme'liate  layer  at  once  causes  its  sus- 
I>ens!on.  Flonrens  subsequently"  limited  the  position  of  this  centre 
still  more  closely,  and  found  that  in  rabbits  it  occupies  a  space  of  about 
2.5  millimetres  on  each  side  the  median  line,  situated  at  the  lower  end 
of  the  fourth  ventricle,  a  liLlle  in  ailvanee  of  the  divergence  of  the 
posterior  p)yramid8,  and  just  at  the  point  of  gray  substance  formed  by 
the  ala  rinerea.  X  section  of  the  medulla  at  this  spot,  with  a  double- 
©dge<l  knife  only  h  millimetres  wide,  or  its  perforation  at  the  same 
point   with    a   Bharp-e<)ged    canula  not   more   than   3    millimetres   in 

'  Recherches  Exp^rimentftlca  snr  les  Proprifites  el  les  Fonctions  dn  Sy8t«it>« 
NcrveuT.     Paris.  1842.  pp.  196-204. 
'  Coinptca  Ikada  dc  rAcadcinic  dc8  Scicocca.     Pari«,  1858,  tome  xlvii.  p.  803. 
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diameter,  caused  immediate  Btopf>ngo  of  the  rcBpiration ;  while  this 
clfrt-t  wiis  nut  prodnoinl  by  siiiiiiur  itijiiries  inflietcd  cither  ahove  or 
below.  This  spot,  which  contains  the  m-rvous  centre  of  tlie  raovetnents 
of  respiration,  correspoiKia  in  level,  in  front  of  the  metluUa  oblongata, 
with  the  ni^Hjr  eml  of  the  deenssntion  of  the  nnterior  pyramids,  or  the 
lower  extn-niity  of  tite  olivary  bo«lies,  ami  is  somewhat  below  the 
8|>parent  origin  of  the  pneiiniopastric  nerves. 

Respiration  acconlingly  is  an  act  consisting  of  varions  associated 
movements,  which  have  their  nervous  centre  in  the  medulla  oblongata. 
The  respiratory  niovempnts  themselves  arc  completely  involuntary  in 
cliaracter;  for  although  those  of  the  chest  and  abdomen  may  he  for  a 
short  time  iiiereaserl  in  frequency,  the  surjilus  movements  thus  ]X'r- 
formed  are  not  necessary  to  respiration,  and  soon  prwluce  a  fatigue  which 
prevents  their  continuance,  liespiration  goes  on  with  its  natural  rhythm, 
and  entirely  unacconijmnied  i>y  fatigue,  undvr  the  influence  of  the  nie- 

^dulla,  from  the  first  moment  of  birth  and  without  any  necessary  con- 
Bciousness  of  its  existence.  If  arrested  by  a  vdantary  effort,  the 
internal  stimulus  which  prompts  the  movement  grows  grndunlly 
stronger,  until  tlie  will  is  no  longer  CHpable  of  resisting  its  demands. 
feAs  soon  as  the  voluntary  resistance  is  overer>me  or  discontinHcd,  tlie 
•respiratory  moA'cmcnta  recommence  by  the  independent  action  of  the 
me<]nlla  oblongata. 

The  action  of  the  medulla  in  respiration  is  one  of  a  reflex  nature. 
The  impression  by  wliieh  it  is  called  out  has  its  origin  in  the  partial 
want  of  arti'rialization  of  the  blood,  and  especially  in  the  commencing 
nccumnlation  of  carbonic  acid  in  the  Inugs  and  in  the  tissues.  In 
nornml  respiration,  this  impression  is  sutlicicnt  to  excite  the  reflex 
acti(H>  of  the  medulla  withiuit  prwlncing  a  eonscions  sensation  ;  and  on 
the  renewal  of  the  air  in  the  lungs  by  inspiration,  the  impulse  is  satisiied, 
the  muscles  relax,  and  expiration  is  aecornplishefl  by  tlie  passive  col- 
lapse of  titt'  lungs  and  thorax.  In  a  few  seconds  the  previous  eondititm 
recurs  and  the  actions  are  repeated  as  before,  causing  in  tlds  way  the 
regularly  alternating  movements  of  inspiration  and  expiration. 

Sirtce  the  acts  of  inspiration  are  jjerformetl  partly  by  the  diaphrasm 
and  partly  by  the  intercostal  muscles,  they  will  be  ditteiently  modilied 
by  injuries  or  lesions  of  the  nervous  system,  according  to  the  Sjx>t  at 
which  they  are  situated.  If  the  spinal  cord  be  divided  or  compressed 
in  the  lower  cervical  region,  all  the  intercostal  muscles  are  necessarily 
paralyzed,  and  respiration  is  then  pi'rfomied  only  by  the  diaphragm. 
If  the  phrenic  nerve,  on  the  other  hand,  Iw  divided,  the  diaphragm  alone 
is  paralyzed,  and  respiration  is  performe<l  altogether  by  the  rising  and 
falling  of  the  ribs.  If  the  injury  inflicted  upon  the  spinal  cord  be  above 
the  origin  of  the  thinl  cerviciil  ner^'c,  l>oth  tl'c  purcLtc  aod  intercost.ol 
nerves  are  paralyzed,  and  «le.ath  takes'  place  from  suffocation.  The  at^ 
tempt  at  respiration,  however,  still  continues  in  these  cases,  showing 
itself  by  ineffectual  inspiratory  movements  of  the  mouth  and  nostrils. 
Finally,  if  the   lueduMa   itself  be   broken  up  at  the  situatioa  of  the 
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respimtory  centre,  T>oth  the  power  and  the  stimulus  to  breathe  are  il 
once  taken  away.  No  alteuipl  is  made  at  ins|)irBtion  and  there  is  no 
ftjipearance  of  suffeiing.  Tlie  animal  dies  \>y  wart  of  aeration  of  ih/t 
blood,  which  leads  after  some  momenta  to  arrest  of  the  circnlation. 

An  irregularity  in  the  movements  of  reepiration  is  aceonlingly  one 
of  tlie  most  threatening  eymptoras  in  ntlecLions  of  the  brain.  A  sus- 
pension of  the  inteilectuul  powers  (Joes  not  necessarily  indicate  imme- 
diate danger  to  life.  Even  sensation  and  volition  may  be  impai 
without  direct  injury  to  the  orgjinic  functions.  Cerebral  apoplexv 
the  snrfuce  of  the  henii8|ihcre9,  in  tin-  lateral  ventricles,  or  in  the  eercbrj 
ganglia,  is  seldom  innuediately  fatal,  however  extensive  may  be  the  i 
jur}'  of  the  pails.  iJut  when  oecurritig  iti  the  substance  of  the  med 
oblongata  or  ils  immediate  ncighliorhooil,  it  produces  death  i';i*/a 
tancuuHly  by  the  same  ineehanisni  as  where  tliis  part  is  intention.nlly 
destroyed  by  esijeriuieut  in  the  bjwer  fiiiimals.  When  the  medulla  i 
beginning  to  be  implicated,  in  nnin,  by  a  progressive  diseafie  or 
gradunl  failure  of  the  nervous  fnnctions,  the  resjrtratory  movemcD 
first  affected  are  those  of  the  noatrilfl  and  lipa,  while  those  of  the  chc 
and  abdomen  go  on  for  a  time  as  usual.  The  cheeks  are  drawn  in  will 
ever}'  inspiration  and  pnlfed  out  with  every  expiration,  the  nostri 
sometimes  participating  in  these  abnormal  movements.  A  still  moi 
tlireatftiing  symptom,  and  one  which  fnxjuenlly  precedes  death,  is  an 
irregular  and  hesitating  respiration,  sometimes  noticeable  even  before 
the  remaining  cerebral  functions  are  seriously  impaired.  These  phe- 
nomena depend  on  the  cfumcction  between  respiration  and  the  r<;flex 
action  of  the  mwlulla  olilongnta. 

The  process  of  deglulilion  is  also  .accomplished  under  the  control  of 
the  medulla.     Mastication  of  ihe  food  by  the   movements  of  the  jaws, 
and  ils  transfer  by  the  tongue  to  the  entrance  of  the  fauces,  are  volun- 
tary actions  which  may  be  continued  or  arrested  at  will.     But  when  t 
food  has  passed  from  the  mouth  into  the  phar^-nx,  the  act  of  deglutitio 
by  wliich  it  is  carried  down  into  the  stomach,  is  reflex  and  invohinta 
in  character.     Once  commenced,  it  ennnot  be  arrestetl  liy  the  inflneoi 
of  the  will,  OS  it  consists  of  a  series  of  muscular  contractions  following] 
each  other  in  rcgul.ar  and  undcviating  succession.     These  contractioni 
receive  their  impulse  from  the  medulla  oblongata.     In  the  experimeo 
of  Flourens  and  Longet,  fowls  and  pigeons,  after  removal  of  the  cerebi 
hemispheres,  never  piek*'d  up  their  food  spont.nneously,  nor  ever  swai 
lowed  it  when  placed  in  the  mouth  at  the  end  of  the  beak;  butif  carri 
bactward  and  placed  in  the  commencement  of  the  pharynx,  it  was  a1 
once  embraced  I13'  the  muscular  walls  of  this  organ,  and  earned  int 
the  stomach  by  a  continuous  movement  of  dcu;lutitton.     This  includei 
not  only  the  associated  contraction  of  the  walls  of  the  pliarynx   an 
ujsophtigus,  but  also  the  stoppage  of  respiration  and  the  closure  of  the! 
glottis,  by  which  the  food  is  prevented  from  passing  Into  the  larynx. 
According  to  Yulpian,  after  all  parts  of  tlie  brain  have  been  remove*; 
in  cats  or  guinea  pigs,  excepting  the  me<.luUa,  swallowing  may  still 


accomplished  by  reflex  nction ;  but  it  liecomes  impoRsible  as  soon  as 
this  purt  ia  retnoveci  or  seriously  injured.  Tlie  muscular  cotnlniiatious 
necessary  to  deglutitiou  cunuot  take  place,  except  uuder  tlie  inlluence 
of  the  medulla  fia  a  nervous  centre. 

This  action  may  consequently  be  [wrformed,  in  man,  after  all  aensi- 
bilit}-  and  voluntary  power  have  tlisapjx-ariHl.  In  tiises  of  compression 
of  the  brain  from  injury  or  diaease,  when  tlie  individual  is  in  a  state  of 
complete  unconsciousness,  xu»d  even  when  the  re«piratiou  is  diminished 
in  fre(|uency,  solid  or  liquid  foo<l,  if  carried  into  the  upjjer  part  of  the 
pharynx,  may  be  successfully  swallowetl  by  the  urdinary  niuvetnentis  of 
deglutition.  When  this  process  is  no  longer  possible,  or  is  acconi[>iUHed 
by  choking  or  regurgitation,  it  iD<licates  that  the  meilulla  has  become 
seriously  affected,  and  that  death  is  probably  near  at  hand. 

The  medulla  is  furthermore  connecte<l  with  the  act  of  phonation.  The 
pro<luctiou  of  a  vocal  sound  is  usually  the  result  of  a  voluntary  impulse 
derived  from  the  operation  of  the  cerebral  hemispheres.  It  is  sometimes 
also  a  purely  emotional  act,  originating  in  the  excitement  of  the  tulter 
annulare,  and  without  any  reasonable  or  intelligent  motive.  But  in 
these  cases  its  production  ia  a  secondary  result,  requiring  the  co-opera- 
tion of  other  nervous  elements,  and  its  immediate  centre  is  located  in 
the  medulla.  This  is  shown  by  the  fact  that  a  cry  may  still  he  proiluce<l 
when  the  upper  parts  of  the  encephalon  have  been  dcstro^'ed  or  removetl, 
and  when  an  irritation  is  applied  to  the  medulla  alone.  If  a  stilct  be 
introduced  intu  the  cranium  of  a  frog,  the  cerebral  hemispheres  may 
be  broken  up  without  producing  any  excitement  of  the  vocal  organs; 
but  when  the  instrument  touches  the  medulla,  its  contact  is  often  fol- 
lowed by  a  distinct  and  sp.'ismodic  cry.  Vulpian  has  shown  that  a  similar 
effect  ma3-  be  produced  in  mammalians,  after  removal  of  the  whole 
ence|;halon  excepting  the  medulla,  liy  a  reflex  aclion.  A  cry  is  pro- 
duced each  time  the  integument  of  the  foot  is  jiinched  by  the  blades  of 
a  forceps.  This  sound,  tiowever,  gives  no  indication  of  consciousness 
or  sensibililj-  on  the  part  of  the  animal.  It  is  short,  nbru|)t,  and  momen- 
tary' in  duration,  and  is  repeatetl  otdy  when  the  irritation  is  again  applied 
to  the  external  parts.  It  is  a  purely  mechanical  effeet  of  the  tension  of 
the  vocal  conls  and  the  sudden  expulsion  of  air  through  the  rimn  glot. 
tidis.  After  the  destruction  of  the  medulla,  on  the  other  hand,  no  vctcal 
sonnd  can  be  produced,  and  the  same  irritation  of  the  integument  is 
then  followed  only  by  tlie  ordinary  spasmodic  movement  of  the  lirobs^ 
dependent  on  the  reflex  action  of  the  spinal  cord. 

In  the  exercise  of  the  voice,  therefore',  the  jireliminary  actions  of  in- 
telligence, volition,  or  emotional  excitement  reqnire  the  co-operation  of 
the  cerebrum  and  the  tu^K^r  anntdare;  but  the  itnmediate  mirchanisra  by 
which  a  vocal  B«)und  is  jiro<luced  in  the  larynx  has  its  nervous  centre  in 
the  medulla  oblongata. 

This  part  of  the  brain,  with  the  adjoining  part  of  the  tuber  annulare, 
is  also  the  direct  source  of  the  movements  of  articulation.  It  is  the 
gray  substance  of  this  region  that  gives  origin  to  the  hypoglossal  and 
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facial  nerves  which  animate  the  muscles  of  the  tongue  nnd  lips,  a»  welj 
as  the  motor  fibres  which  rt-giiluti'  tite  conrlition  of  the  rima  gloltiiVu 
Disease  ur  injury  in  tliis  situation,  sufBcient  to  impair  tlic  action  of  th« 
nerves,  conse<iuetitly  uinkus  articulation  tlilHcult  i>r  impossible,  by  para 
lyzing  the  muscles  U|>on  which  it  is  depenth'nt.     This  affection  is  quite'' 
distinct  from  "apliasia,"  which  is  of  cerebral  origin  and  consistB  in  a 
loss  or  deterionition  of  mental  faculties  alone,  the  cxtenial  mechnniso 
of  upeecli  being  unatl'eeted  and  the  muscles  of  the  tongue  nnd  lips 
taining  their  power  of  movement  in  any  direction.     When  the  diOlcaltl 
is  6eate<l  in  the  medulla,  on  the  other  hand,  tlie  muscular  paraly>i8  il( 
verj'  evident,  and  is  distinguishe<l   by  being  more  or  less  confined  M 
those  groups  of  muscles  which  arc  concerned  in  articulation  and  pbona 
tiou. 

Such  an  affection  is  that  first  deserilied  by  Duchenne  and  now  gen< 
rally  recoffnized  under  the  ntime  of  glonso-labio-lari/ngeal  parnli/xitt.^     \i 
is  a  paralysis  due  to  chrunie  degeneration  of  gra}-  nervous  tissue  in  th^ 
medulla  oblongata,  which  affecU  the  motor  nerves  of  the  tongne,  tb4 
liice,  the  hanging  pa]ute,and  the  lar^'nx.     The  first  <liffleulty  is  genemllj 
noticeable  in  the  moveniotits  of  the  tongne,  which  cannot  be  applic 
accurately  to  the   ujtper  teeth   or  to  the  roof  of  tlie  mouth  ;  and   ti 
lingual  and  dental  ronsouauts  are  therefore  pronoimced  imperfectly 
not  at  all.     The  lips  are  next  affected,  so  thnt  they  cannot  be  hrongH 
in  contact  witli  each  t»ther,  and  B  and  P  are  pronouncetl  like  V"  or 
As  tlic  debility  of  the  orbicularis  oris  increases,  the  lips  cannot  even 
partially  approxi mated  nud  the  vowels  U  and  U  are  no  longer  soundclj 
and   by  the  continued  exaggeration  of  these  diflicnllies  tlie   potienll 
speech  becomes  at  last  unintelligible.     Deglutition  is  also  nffected,  and 
attempts  at  swallowing  arc  liable  to  cause  choking,  from  the  imperfe 
protection  of  the  rima  giotlidis,     Phonation  In-comes  iropoireci  froi 
debility  of  the  laryngeal  muscles,  and  in  advance<l  cases  no  vocal  sow 
can  l>e  produced.     The  disease  is  uniformly  progressive,  and  terminaU 
life  usually  by  atTccting  the  movements  of  respiration. 

The  medulla  oblongata  is  accordingly  the  seat  of  reflex  actions  whici 
are  directly  or  indirectly  connected  with  the  imme<liate  preservation 
life,  since  it  maintains  the  movements  by  which  air  and  food  are  intr 
duced  into  the  interior  of  the  body.  It  also  presi<U's  over  the  immediat 
muscular  combinations  concenicd  in  the  production  of  the  vcdce  an< 
articulation,  and  by  this  means  establishes  an  intelligible  communic 
tion  with  the  external  world. 


Hammond,  Diseases  of  the  Nervoua  System.    New  York,  1871,  p.  676. 
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Of  the  twelve  pairs  of  nerves  which  take  their  origin  fVom  the  brain, 
the  greater  numVitr  prosont  distinct  analog^it-s,  l<ut!i  anatoruical  .Mini 
physiological,  with  ihu  8|iiual  nerves.  All  those  which  are  distributed 
to  the  integument  and  muuouH  membranes,  or  lo  the  superficial  and  deep 
muscles  of  the  head  and  face,  correspond  in  nil  important  characters 
witli  the  sensitive  and  motor  nerves  formed  from  the  anterior  and  pos- 
terior spinal  nerve  roots.  Three  of  tlu-m,  Iiowever,  show  no  resem- 
blance, either  tit  their  anatomical  distril.iutioii  or  their  physiological 
properties,  witli  the  rest.  They  are  the  so-called  olfactoiy,  optic,  and 
auditory  nerves.  After  leaving  tlieir  poinls  ofori^^in  in  the  brain,  they 
are  distributed  neither  to  uruscles  nor  to  tlie  int<-gument  or  mucous 
membranes;  but  terminate  in  nervous  exjiausious  of  special  form  and 
structure,  in  which  the  gray  substance  or  CijUections  of  nerve  cells 
reaii])ear  as  prominent  elrmenls  of  the  tissue.  During  their  passage 
through  the  cavity  of  the  cranium,  tliese  nerves  are  neither  sensitive 
nor  excitable  in  the  ordinary  sense  of  the  word.  Their  irritation  causes 
no  tactile  or  painful  sensation,  nor  any  direct  muscular  contraction; 
and  their  section  pro<luce3  no  paralysis  of  the  vohmlnry  muscles,  nor 
any  loss  of  general  sen.sihility  in  the  ueighboriug  {)arl3.  They  are  to 
be  considered  rather  in  the  light  of  tracts  or  commissures  than  of  ordi- 
nary nerves,  and  their  physiologicjl  properties  are  those  connected  with 
the  oj^Kiration  of  the  special  senses  alone. 

The  remaining  cranial  nerves,  *;n  the  other  hand,  are  similar,  both 
in  structure,  arrangement  ami  function,  to  those  in  other  jarts  of  the 
cerebro-spinal  system.  Some  of  them,  like  the  oculo-motorius,  the 
patheticus,  and  the  facial,  are  plainly  motor  in  cliaracter,  .ire  dislrihuted 
to  muscles,  produce  convulsive  motion  on  being  irritated,  and,  when 
injured  or  divideil,  le,ive  the  corresponding  parts  in  a  state  of  paral3'sis. 
Others,  such  as  the  trigeminus,  the  glosso-pharyngeal,  and  the  pneumo* 
gastric,  are  sensitive  nerves,  jjossessing  either  an  acute  tactile  sensibility, 
like  the  trigeminuH,  or  one  of  a  more  f»bscurc  an<l  npt-cial  nature  adnpteU 
for  ti>e  production  of  involuntary  reflex  actions,  like  the  glosso-pharj'n- 
geal  and  pneumogastric.  Like  the  posterior  roots  of  the  spinal  nerves, 
these  are  also  provideil  with  a  ganglion  situated  at  a  short  <listunce 
from  their  points  of  emergence  at  the  base  of  the  brain;  and  they  are 
distributed  either  to  the  integument  or  mucous  membranes  or  to  b»jth. 

The  analogy  in  anatomical  aiTangement  between  the  spinal  and  cranial 
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ner%'cs  \s  in  aorae  instances  very  marketl.  The  fifth  pair  or  irigennniis 
emerges  fruiu  iho  tuljer  mimilare  in  two  thstiiicL  Inimllcs  or  roots,  of 
wliicli  one  is  seiisitivo,  tlie  other  motor;  the  sensilive  root  presenting 
soon  alterwartl  a  well  ileveioped  ganglion,  witlj  which  the  flhrt-s  of  the 
motor  loot  do  not  mingle.  This  nervo  biyond  the  ganglion,  therefore. 
contains  hoth  motor  ami  sensitive  tiljres,  and  ih  ilistriii>ute«l  both  lo 
rausclea  ami  to  the  integument.  In  u  sitnilnr  manner  the  glosso-pha- 
rvngeal  nerve  is  joined,  beyond  its  ganglion,  by  motor  fibres  from  the 
fuc-iai;  and  the  pnenmogastrie  receives  nluindant  communications  from 
the  spinal  siceeasory  ami  other  motor  nerves.  Both  the  sensibility  Jiad 
motion  therefore  of  the  jiarts  to  which  they  are  distril)ute<l  are  jirovided 
for,  in  a  munner  uot  esHuntially  Uiireieut,  by  both  the  cruniul  aXid  spinaJ 
nerves. 

The  other  points,  Iwth  of  dilTerence  and  analogj-,  in  the  cranial  nervea, 
relate  to  tlieir  origin  and  distribution.  Tlieir  a]<parent  origin,  tliat  is, 
the  [joint  ut  which  they  become  detached  from  the  Burface  of  the  bmio, 
is  not  their  real  origin;  but  in  every  case  Iheir  fibres  can  be  tmce<l  from 
this  jjoint  inward,  between  other  lotigitndinal  or  transverse  tracts  of 
white  substance,  until  they  rwicii  a  mass  of  graj'  matter,  often  placotl  tt 
a  considerable  distance  and  in  quite  a  ditferent  locality  from  their 
apparent  origin.  I  All  the  crmiial  nerves,  excepting  the  olfactory  and 
the  optic,  are  thu8  found  to  originate  from  a  mass  of  gray  substance 
upon  and  beneath  the  tlnor  of  the  fourth  ventricle,  and  extending  forward 
to  surround  the  aqueduct  of  Sylvitia.  f  This  layer  of  gray  substnut^  is  a 
continM:ilion  of  that  in  the  spinal  cora  ;  but  while  in  the  cord  it  has  Uie 
form  of  a  central  mass  with  lateral  anterior  and  postenor  boms,  in  the 
medulla  oblongata  it  takes  the  shajie  of  a  lamina  occii|>3ing  only  the 
posterior  pait  of  the  cerebro-spinal  axis.  In  its  various  divisions  and 
expanfiioHB,  which  are  rarely,  if  ever,  completely  discontinuous  from 
each  other,  it  forms  the  eo-called  "nuclei"  of  the  cranial  nerves. 

In  their  disiribiition,  these  nerves  present  also  certain  nnatomical 
features  which  are  more  apparent  than  real  in  their  impitrtanc*.  The 
oculomotorius,  jtatheticus,  and  alxlucens  emerge  from  the  substance  of 
the  brain  at  very  different  points,  and,  running  forward  through  the 
cranial  cavity  in  the  form  of  separate  cords,  arc  cnmnerated  as  three 
distinct  nerves.  But  they  all  originiite  from  the  layer  of  gra}-  substance 
already  mentioned,  two  of  them,  the  oculomotorins  and  the  pathetiuas^ 
in  close  proximity  to  each  other;  they  all  pass  out  of  the  cranium,  into 
the  orbital  cavity,  hy  the  sphenoidal  fissure  ;  and  ihey  are  all  distributeil 
to  the  group  uf  muscles  moving  the  eyelwill.  In  a  i>h3'siological  |>nint 
of  view,  therefore,  they  are  branches  of  a  single  nerve,  rather  than  three 
separate  trunks.  Even  when  two  or  more  nerves  emerge  from  the 
cranium  by  ditferent  foraniin.u,  like  the  three  divisions  of  the  trigeminu9, 
they  arc  nevertheless,  projjerly  speaking,  parts  of  the  same  nerve,  if  they 
hare  similar  physiological  properties  and  arc  distributed  to  the  muscles 
or  integument  of  the  same  regions.  It  is  the  nitiraate  ilistribution  of  a 
ueiA'e,  aud  uot  its  course  through  the  boues  of  the  skuH,  that  determiQeii 


its  physiologtciil  character  and  position.  The  detailH  or  branching  ami 
division  of  tlxe  cranial  ner%'es  varj  in  dilferent  s))ecics  of  animals,  or 
even  to  some  extent  in  the  same  individual  on  the  two  opp<«ite  sitlea 
of  tije  body,  Init  tlu-ir  physiul(»gical  characters  remain  the  same.  TlitiH 
in  the  hull-lVug,  as  shown  by  Wyniau,'  b(*tJi  the  fncinl  nerve  and  the 
aMucens,  iiistea<l  of  existing  as  distiiic-t  trnnks,  are  given  off  as  brandies 
from  the  fifth  pair ;  and  in  most  of  the  qutidruiKMls,  tlie  terminal  frontal 
branches  of  the  o])lithalmie  division  of  Ihe  irijjeuiinua  arc  wanting,  or 
reduced  to  trifling  iliraeiisions,  in  accordance  with  the  absence  of  sensi- 
bility in  the  skin  of  the  forehead  and  vertex. 

The  cranial  nerves  may,  tliereforc,  bo  conveniently  arrange<l  in  pairs 
according  to  their  distribiitiun  an<i  funrttourt,  rutliur  than  the  incidental 
I)eculiarities  of  their  course  or  subdivision.  The  oliactory,  optic,  junl 
auditory  nerA'es  thus  forra  a  group  by  ihemsehes  of  a  specific  character; 
while  the  remainder  consist  of  the  mtjtor  and  sensitive  nerves,  8ii|>ply- 

Iing  tlie  muscular  apparatus  and  the  integument  or  mucous  membrane 
JDf  ditlerent  regions. 


Ckanial  Nxbtes. 

Nervea  of  Special  Sense. 
Olfactory.    2.  Optic.     3.  Auditory. 


Ist  PAIR. 


2d  PAIR. 
3(1  PAIS. 


Motor  nerve*. 
Oculomutoriua 
I*»thi*lieu3 
Aluhicc^Rs 
P'aeiul 
Small  root  of  5th  pair 

HjIH)gtllS8(lt 

tipiuul  ucoessory 


SeasitUe  nerves. 


Dtitrlbuted  to  the 


Trig:emiaqg. 


Glosao-pharyugeal. 
Pueuniuguiitric. 


Upper,     midille,     and 
tower  facittl  regions. 

Tnnguc  and  pharynx. 
I'iuisagc«    of    respira- 
tion and  deglutitiou. 


This  division  of  the  nerves,  though  based  on  their  physiological 
characters  ami  distribution,  is  not  al»solutely  pcrfeet  in  tdl  purlicidars. 
For  while  the  hyi)oglossal  nerve  suj)plies  llie  iiuiHtles  of  the  tf)ngue 
alone,  its  associate,  the  gloss-ph^iryngoal,  sends  a  part  of  its  sensitive 
Ibres  to  the  tongue  and  a  part  to  the  pharynx  ;  and  while  the  trigendnal 
nerve  is  mainly  distribute*!  to  tlic  extomnl  parts  of  ttie  face,  one  of  its 
dee|)er  briuiches,  the  lingual,  is  distributed  to  the  tongue.  Notwith- 
standing, however,  these  irregularities,  such  au  arrangement  of  the 
cranial  nerves  is  substantially  correct,  ami  luny  sen-e  as  a  useful  guioft 
in  the  study  of  their  functions. 

First  Pair.    The  Olfactory  Nervaa. 
What  is  called  in  man  the  "olfactory  nerve,"  is  a  threfr<:ornered  pris- 
matic tract,  composc<l  of  l»oth  gray  an<l  white  stibstance,  running  forward 
in  a  longitudinal  groove  U[K)n  the  inferior  surface  of  the  anterior  cerebral 


'  Nervous  Hyetetn  of  Baaa  pipiens ;  pablished  by  the  Bmlthaoaiau  loBtitutioo. 
Woiihiugtoa,  1U53. 
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lobe,  near  the  mcflian  line,  and  tenninatlng  anteriorly  in  a  flattened 
ovoid  mass  of  gray  sulistance,  tliv>  "oll'aetory  bulb."  The  olfactory 
bulb  rests  upon  the  cribrifotu]  plate  of  the  elhiuoid  bone,  and  given  off. 
tlirou^h  the  iH-rlbnitioiis  in  this  bone,  tin;  true  nervous  filaments  9U|v 
plying  the  olfai-tory  na-nibrjuie  in  the  iinsnl  patjsages.  [_The  pri^isatic 
tract  which  connects  the  olfartory  bulb  with  the  re»t  of  the  brain  is  in 
reality,  according  tu  b(jth  llenle  aiui  Meyncrt,  u  [jrolongation  of  one  of 
tlie  cerebral  convohitions.  It  originates  in  ;i  rounded  eminence  called 
the  "olfactory  tuben-le,''  situated  at  the  back  part  and  under  fturfaee 
of  the  anterior  ccrehrid  IoIk*,  just  inside  the  island  of  lleil,  with  whieh  it 
is  connecteih  It  consists,  like  the  other  cerebral  oonvolutioua,  of  gmy 
Hubstnnce  iHinlainitiu;  pyratnidiiJ  (?ell:^.  Its  peculiarity,  as  shown  by 
Uenlc,  cousiots  Ju  the  fact  that  buiidles  of  nerve  tibrea  from  the  interior 

Fig.  I(i9. 


C«a 


I  Cba 

IjOiff»iTrT>tWAi.  Skctios  of  thk  Ckrsbral  HBMlsriiKRK,  thrnuKli  thr  mruii, 
Hon  of  the  olfACtory  tubercle  nnd  purt  of  tfie  olftietory  ncrvp.— 1.  Olf:»ctory  nerve.  2.  I)ir»e. 
tory  tuherplp.  C»,  rnrpui  strtnlum.  Con,  Anterior  ccrchrnl  ooinmliiKiirf.  Cba.  Wbile 
enminliture  of  the  baie  of  the  brain.    MHgnlQcd  once  snU  ooe  half.    (Ucole.) 

pass  through  its  cortical  layer  of  gray  matter,  and  appear  upon  its 
surface  as  more  or  less  distinct  striations  of  white  sulistance.  It  is 
these  white  stri.itions  wiiich  have  been  designate<i  ns  the  olfactory 
"  rootH,"  and  whieh  give  to  the  tract  terminating  in  tin-  hnlli  the  external 
ap[»eRrance  <^tf  a  (ierv<\  They  are  ilerived  from  the  white  substance  of 
the  cerebral  hemispheres,  anci  cfmtiiuic  forward  to  tlie  gray  mutter  of 
the  olfactory  bulb.  A  eomrnunication  is  eat-'ddisheil  between  the  olfac- 
tory nerves  of  the  twu  op|)oaite  sides  through  the  interoal  wliite  sub- 
stance of  the  tvlfactory  tubercles.  According  to  Vulpian,  there  is  als4i 
a  more  direct  commuaication.  visible  in   the  dog,  the  sheep,  and  the 


Tfthhit,  fonned  by  one  or  the  so-caile<t  olfactbry  nerve  roots,  which  tiiiijs 
inward  and  eroflses  the  mL'dinn  line,  in  i-onipany  with  the  fibres  of  the 
anterior  cerebral  commissure. 

PhyHtolixjieal  Properties  of  the  Olfactory  Nerve. — Tlic  olfactory 
niTve  thus  rornje<l  is  a  tract  of  i"ottitmiui<;!ition  between  the  central 
parts  of  the  brain  and  the  olfactory  bulb.  It»  physiological  connection 
with  the  sense  of  smell  is  indicated  by,  1st,  its  anatomical  relations; 
2il,  its  oomparative  (leveloimu'itt  in  ditterent  species  of  animals ;  and  3d, 
the  results  of  its  injury  or  disease. 

I.  The  only  anatomical  connection  of  the  olfactory  nerve,  at  its 
anterior  extremity,  is  with  the  olfactor}-  bulb;  and  the  nerve  fibres 
given  f)fi"  from  l\nc  part  are  distribiiteil  only  to  the  olfactory  region  of 
the  naftiil  [KtMsages.  in  ibia  rt-gion  ordiiinrv  sensibility  is  but  sliuhtly 
developed,  while  the  parts  are  highly  endowed  with  the  sense  of  smell. 

II.  In  sufli  of  the  lower  animals  as  possess  a  more  acute  sense  of 
amell  than  man,  like  the  dog,  the  eat,  the  sheop,  and  other  quadrupeds, 
the  olfaetiuy  bulbs  are  increased  in  jniiporlitin,  forming  prominent 
masses  at  the  anterior  extremity  of  the  hemispheres;  while  the  parts 
representing  the  olfactory  nerves  are  of  so  large  a  size  that  they  are 
generally  designated  by  the  name  c>f  the  ''  olfactory  lobes."  They  also 
contain  a  eentriil  tubular  cavity,  which  is  a  prolongation  from  that  of 
the  lateral  ventricles.  There  is  accordingly  a  direct  correspondence 
between  their  development  and  that  of  the  epecial  sense  with  which 
they  are  connected. 

III.  A  considerable  number  of  cases  are  qnoted  by  Longet  in  which 
congenital  nbsencc  of  the  olfactory  nerves,  in  man,  was  accompanied  by 
congenital  incapacity  to  distinguish  oilors;  and  others  in  which  a  loss 
of  the  sense  of  smell  was  also  observed  after  morl)id  atfectious  causing 
compression  or  tlestruction  of  these  nervi-s. 

According  to  the  experirnesits  of  Magendie  upon  dogs,'  the  olfactory 
nerves  -are  not  sensitive  to  mechanical  irritation,  since  their  compres- 
sion,  puncture,  or  Laceration  in  various  directions,  in  the  living  nuimal, 
causes  no  perceptible  indications  of  sensibility. 

Finally,  experimental  division  or  destruction  of  these  nerves  in  dogs 
abolishes,  so  far  as  observation  can  phow,  the  power  of  discriminating 
otlors;  although  it  leaves  the  nasal  mucous  membrane  sensitive  to  the 
irritation  of  pungent  or  caustic  vapors,  in  the  experiments  of  Magendie, 
ft  dog,  alter  destruction  of  both  olfactory  nerves,  would  disentangle  a 
package  containing  meat  when  openly  ]>resented  to  him ;  but  he  di<l 
not  find  it,  when  placed  near  by  without  his  knowledge.  The  same 
result  was  o1»tained  by  Vulpian-  in  ojK'rating  upon  hunting  dogs. 
These  nnimaLs,  after  ri'covcring  from  the  immediate  effectH  of  the 
0]>eration,  were  kept  fasting  from  3G  to  48  hours,  and  then  introduced 
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tn  apAftmeDt  where  a  |MeG«  of  oookeil  meat  was  concealed ;  boi 
tliey  were  never  able  to  dUcoTer  it  by  its  odor,  when  the  c)m»ioti  of 
tlie  nerves  bad  been  tomplele.  Notwithstanding,  iberefoie,  the  com- 
pftrmtive  difficulty  of  ex|M;rimenttng  upon  so  obscure  a  rnnction  as  that 
■  of  amell,  tliere  is  no  doubt  that  the  olfactory  nerves  and  bulbs  are  reaDy 
the  intenial  organs  of  the  ulfactory  sense,  and  tliat  they  are  disconnected 
both  with  ordinary  sensibiiity  and  the  power  of  motion. 

Second  Fair.  The  Optic  Herrea. 
The  optic  nerves  take  their  first  origin  from  the  anterior  pair  of 
tuhercula  quadrigtmina,  two  small  rouudeil  prominences,  on  each  side 
of  tht!  mv^lian  line,  situated  just  behind  the  i)ostvrior  extremity  of  the 
optic  thalami.  They  consist  essentially  of  swellings  of  the  gray  sub- 
stance which  surrounds  at  this  situation  the  aqueduct  of  Sylvius,  aud 
which  Is  consequently  continuous  with  that  extending  forward  frum  the 
floor  of  tlie  fourth  ventricle.  Their  surface  is  covered  by  a  layer  of 
white  sulistance  from  l.a  to  4  uiillimotrcs  in  thickness,  consisting  of 
nerve  fibres  which  have  mainly  a  transverse  direction.  Their  gray  sul>- 
stance  contains  nerve  cells,  some  of  which  are  small  and  roumled,  while 
otiiei's,  e»|K*iiilly  in  the  anterior  ]tair.  are  of  larger  size  and  provided 
with  branchwl  prolongations.  Acconling  to  Henle,  the  fibres  of  origin 
of  the  optic  nerve  pass  from  these  bodies  outward  and  downward  to  the 
corpuH  gt'niculatum  internum^  an  ovoidal  jirominence  of  gray  roalt«r 
attached  to  the  posterior  border  of  the  optic  thalanuis.     They  cover  the 

»  surface  of  this  Jxnly  in  a  thin  8a]>erllci!il  layer,  and  continnc  their  coorae, 
winding  round  the  lateral  surface  of  the  crus  cerebri ;  where  they  are 
joined  at  an  acute  anjrle  by  a  second  bundle  of  fibres,  coming  from  the 
vorpiiH  fff^nu-Klaliim  fjrternum,  a  grny  eminence  simitar  to  the  last, 
lying  in  ctntnct  with  the  un«ler  part  of  the  o]jtic  thalamus,  but  isolated 
from  its  gray  matter  by  a  tbin  investing  layer  of  white  substancOi 
These  two  bundles  of  filjres,  coming,  one  from  the  antt.'rior  tubercula 

Iquadrigi'mina  and  the  corpus  geniculatura  internum,  the  other  from  the 
corpus  geniculatnm  externum,  form  in  man  the  two  roots  of  the  optic 
serve;  and  the  collections  of  gray  matter  contained  in  these  bodies  aro 
regarded  us  its  *'  nuclei,''  or  the  ncrvons  centres  with  which  it  is  in 
aniitomiciil  comninnication.  It  also  receives  some  fibres  from  the  sub* 
Bttuiee  «if  the  optic  thalamus  itself. 

The  fibres  derived  from  these  sources  form  a  flattened  band  which 
cotttinnes  its  course  in  a  spiral  direction,  winding  round  the  crus  cerebri 
to  the  base  of  the  brain;  it  tlienee  runs  forward  and  inward  until  the 
two,  from  the  right  and  left  sides,  meet  iipnn  the  median  line  in  the 
so-calletl  "chiasma,"  or  decussation.  From  this  they  again  diverge  out- 
waitl  and  forward,  leave  tlu'r  cavity  of  the  cranium  by  the  optic  fora- 
mina, imil,  joining;  the  eyebnils,  terniinnte  in  the  nervous  expansion  of 
the  retina.  That  jiortion  of  the  optic  nerves  situated  behind  the  decus- 
sation is  sometimes  designateil  by  the  special  name  of  the  **  optic 
tract." 
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Real  Origin  of  the  Oplic  Neroes. — The  fil»re8  of  the  optic  nerves,  in 
inflii,  as  shown  by  the  above  descriptioa,  chumoI  nil  be  distinetly  traced 
in  a  direct  manner  to  the  tubercnhi  quatlrigemiim;  but  those  of  one 
root  are  evidently  eonneeted  with  the  corpus  geiiieulmtmu  exterimm, 
«-hilc  those  of  thcuthfr  pass  to  tho  corpus  gcnu-iilatiini  iiitcrrium,  and 
through  the  intervention  of  that  bixly  aloue  reach  the  anterior  qiindri- 
geminnl  tubcrcule.  And  yet  the  data  derived  from  comparative  anatomy, 
aH  well  as  tlie  reKuEt.s  of  expeniuenta  ujion  the  tubercula  qundrigenaltia^ 
show  that  in  the  lower  animala  thoHte  bodies  are  the  real  sources  of  the 
optic  nerves.  Jn  all  the  maniniuUan  qiindrupeds  the  oj»tic  nerves  are 
readily  seen  to  have  their  direct  origin  in  the  tubercula  qundrigcmina. 
lu  the  birds,  reijtiles,  and  fish  these  bodies  are  divideil  only  into  two 
sy  111  metrical  |>romin»'nceg  by  a  sludlow,  longituilinal,  median  furrow; 
an<l  in  these  clwsses,  accordingly,  iUvy  arc  cniied  the  **  tubercula  bigem- 
iua."  But  they  are  of  comparatively  larger  aize  than  in  the  mammcklianB, 
and  give  origin  etill  more  tlistinetly  to  the  optic  nerves.  Furthermore, 
their  destruction,  as  shown  by  the  united  testimony  of  all  observers, 
produces  at  once  a  lo&s  of  sijjjlit,  although  the  reniaiidng  parts  of  the 
brain  be  left  uninjured  ;  while  it  is  certain,  on  the  other  hand,  that 
both  the  hemispheres  and  the  o|>tic  thalami  may  be  removed  without 
destroying  sensibility  to  light.  Even  in  man,  according  to  the  obser- 
vations of  Vulpian,  the  optic  thalami  may  be  the  seat  of  extensive 
lesions,  from  hemorrhage  or  softening,  without  any  sensible  dislurl> 
RUce  of  the  power  of  vision. 

The  apparent  variation  in  man  from  the  general  type,  in  respect  to 
the  origin  of  the  optic  nerves,  ia  most  readily  explained  by  the  variation 
in  the  comparative  size  of  the  tubercula  quadrigetuinn  and  the  optic 
thalami.  In  the  inferior  vertebrate  animals,  namely,  fish  and  reptiles, 
the  tuliercnla  qnadrigemina  or  their  representatives  are  very  large,  and 
tlie  optic  th:dami  are  either  wanting  or  so  slightly  developed  as  to  madce 
their  significance  uncertain.  In  birds  the  optic  thalami  are  present,  but 
are  still  inferior  in  size  to  the  tubercula  bigemina.  Jn  mammalians 
they  increase  in  size  in  the  ascending  series,  but  the  tubercula  quadri- 
gemina  are  still,  in  such  animals  as  the  dog  and  cat,  comparatively  con- 
spicuous, and,  throughout  tins  class,  consist  of  four  tubercles  instead 
of  two.  In  man  tiie  optic  tlialami  are  very  much  larger  than  the  tuber- 
cula qnadrigemina,  which  are  reduced  altogether  to  a  secondary  grade. 
The  corpora  geniculata  probably  represent  in  man  portions  of  gray 
substance  included,  in  the  lower  nnimala,  in  the  tubercula  quadrigeminu 
or  bigemina ;  but  which  in  the  human  brain  are  crowded  outward  and 
backwartl  by  the  increasetl  development  of  the  optic  thalami,  and  there- 
fore appear  as  appendages  of  these  bodies. 

Physiological  Froperties  of  fhe  Optic  Nerven. — The  optic  nerves, 
like  the  olfactory,  are  nerres  of  special  senBc,  and  may  be  regarded  as 
tracts  of  fibres  connecting  the  gray  matter  of  the  cerebrum  with  the 
retinal  expansion  of  the  globe  of  the  eye.  They  are  destitute  of  sensi- 
bility to  tactile  or  painful  impressions,  and  convey  ftom  without  inward 


only  the  impression  jiruduccd  n|ion  the  retinu  by  Inrninoua  mys.  In 
tlio  central  parts  of  the  brain  with  which  ihey  tire  conuecled,  ihi^  im- 
pression becuinos  the  sensalion  of  light;  and  the  optic  nerves  ore  there- 
fore the  channels  for  the  sense  of  vision.  Magendie  foumi  that  in 
qimdruijccis  both  the  reliua  and  the  optic  uerves  throughout  their 
k-nglli  wi-re  insensible  t«i  tnfclmnical  irritation;  an<J,  in  man,  that  toacli- 
ing  the  retinu  with  the  point  of  a  cataract  ueedle  excited  no  perceptible 
sensatiou.  It  has  also  been  remarked,  in  cases  of  extirpation  of  the 
eyebiilt,  that  the  section  of  the  optic  nerve  is  not  a  painful  part  of  the 
operation;  and,  aceordincr  to  the  observations  of  Lon^t't  upon  animals, 
these  nerves  may  Iw  (linehed,  pricked,  cauterized,  divided,  or  injured  in 
various  ways  without  prodncinir  any  signs  of  pain. 

On  the  other  hand,  division  of  these  nerves  at  once  produces  9.  state 
of  blindnes-^.  The  iinprcssions  received  hy  the  retina  are  no  li>ngcr 
transmitted  to  the  central  orgnn,  and  the  nninial  Vteconies  insensible  to 
liglit,  without  losing  any  of  his  ordinary  tactile  sensibility  or  power  of 
vohmtarv  motion. 

Beside  tlieir  immediatfe  function  in  the  perception  of  light,  the  optic 
nerves  are  also  eh.inncls  for  a  h|>eeial  reflex  action,  connected  with  the 
mechanism  of  vision;  namely,  that  of  the  contractile  viooemciitH  of  tht 
iris.  By  these  moveraenls  the  orilice  of  the  pupil  enlarges  or  diminishee 
according  to  the  intensity  of  the  light  to  w  hicli  the  eye  is  ex[)o3eil.  On 
first  entering  a  dark  room  ever3thing  is  nearly  invisible;  but  gradaaliv, 
as  the  pupil  dilates  and  as  more  light  is  admitted,  objects  aiiow  theni- 
selves  with  greater  distinctness,  and  at  last  we  can  see  tolerably  well 
where  it  was  at  first  almost  im|jOssible  to  perceive  a  single  object.  On 
the  otiier  hutid,  when  the  eye  is  expose<l  to  a  brilliant  light,  the  pupil 
cunUaets  and  shuts  out  so  much  of  it  as  would  be  injurious  to  the  retina. 

These  movements,  by  which  the  quantity  of  light  admitted  to  the  eve 
is  regnlated  to  suit  the  sensibility  of  the  retina,  are  involuntary  in  cha- 
racter, but  are  due  to  irajiressions  conveye<l  inward  by  the  optic  Uerve- 
On  the  division  of  tbcsne  nerves,  or  the  destruction  of  the  tabercuU 
quiidrigcmina,  not  only  is  the  perception  of  light  abolished,  but  the  pupil 
remains  immovable,  whatever  nnay  be  the  intensity  of  the  light  to  which 
it  is  expo8e<l.  In  the  production  of  this  reflex  act,  the  impression,  which 
is  first  received  upon  the  retina,  passes  inward  through  the  fibres  of  th« 
optic  nerve  to  the  tubcrcula  quadrigemina.  Its  transformation  into  a 
tnotor  impulse  is  either  aeeomplisbeil  iu  these  bodies,  or  is  commenced 
in  them  and  complete*!  b^'  transmission  to  the  gray  matter  at  the  origin 
of  theoeulomotoriua  nen'es.  Thus  both  the  optic  nerves  and  the  tubcr- 
cula quadrigemina  are  essential  to  the  movements  of  the  pupil  under  the 
iuflucncc  of  light.  The  proof  I  hat  this  action  is  of  a  reflex  nature  i« 
alfoided  by  iIk-  results  of  dividing  and  irritating  the  optic  nerves,  After 
section  of  the  nerve,  according  to  the  experiments  of  Herbert  Mayo  and 
Longet,  upon  pigeons,  dogs,  and  rabbits,  irritation  of  its  ptfripheral  end, 
that  is,  the  portion  still  eonnecled  with  the  eyeball,  produces  no  effet-l 
upon  the  pupil;  but  irritation  of  its  central  portion,  which  ia  connected 
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only  with  t!ie  brain,  readily  causes  a  movement  of  contraction.  On  the 
other  haiKl,  liiviston  at"  the  oculoraotorius  nerve,  which  paralyzes  the 
iris,  puts  an  end  to  t!n;  inoverncnts  of  the  ptipil,  although  the  eye  may  be 
otherwise  uninjured  and  the  pLTception  of  light  uniniiiaired. 

Decu«satf07t  of  the  Optic  S'erveit. — The  decussation  ul'  these  nerves 
forms  one  of  their  most  prominent  anatomicnl  fentiires,  being  in  all  caseA' 
readily  visible  on  su]M2rficial  examination,  while  in  many  classes  of  the 
lower  uninud^  niid  iu  nititi  it  presenl.s,  on  closer  inspection,  certain  marked 
varieties  of  iletail.  Iu  lish,  iw  :i  general  rule  (Fig.  170],  the  two  optic 
nerves  cross  each  other's  path  from  side  tn  side  at  diderent  levels,  with- 
out any  admixture  or  even  contact  of  their  fibres;  that  from  the  right  sidu 
of  the  brain  passing  independently  to  the  lelt  eye,  and  that  iVoni  the  le(t 
side  of  the  brain  to  the  ngiit  rye.  In  the  herring,  according  to  Wngner, 
the  optic  nerve  of  the  rigfit  eye  perforates  that  of  the  left,  pas^iiug  boihly 
through  it  by  a  distinct  slit,  without  forming  a  chiasma.  In  the  sharks 
:ind  rays,  which  have  a  higlier  general  grade  of  organization  than  otliei 
fish,  the  fibres  of  the  two  nerves  cross  each  other  in  .separate  fasciculi. 


Fik'.  170. 


Fie.  171. 
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ITCFERIUK    HUUVAClt    Dt    THR    BbAIK 

ow  THE  Cod.— I.  Opllc  nerve  of  rlghl  eye. 
i.  Oprlo  uerve  of  Irft  cyr.  %.  Rli^t  opllo 
tubercle.  4.  Left  optic  tubercle.  6,0.  I'cre- 
bral  hemUpherei.    T.  Medulla  oblong.^ tA. 


1 :«  ptiuiou  M'isrAci:  iir  thx  Dha  i  m 
OF  Fowl. — 1  Optic  nerve  of  rtghl  eye.  Z 
Optio  nerve  of  left  eyn.  3.  Right  opll« 
tubercle.  4.  Left  optic  tubercle.  6.  a.  Cere- 
brnl  hemispiierei.    7.  MedulJit  obloagiitn. 


'  In  birds  the  two  optio  nerves  appear  externally  to  be  unitetl  at  theii 
ptiint  of  crossing  (Fig.  171),  but  dissection  shows  that  the  decussation 
of  their  fibres  is  conipJfte.  Thone  coming  from  the  li-ft  si<le  pass,  in 
the  form  of  sleinler  bimilles,  altogether  over  to  the  right,  and  thost 
from  the  right  side  pass  in  the  same  manner  over  to  the  left;  so  that  in 
this  class  each  optic  tubei-cle  is  counccle*!  exclusively  with  the  eye  of 
the  otiposite  8i<le. 

In  man  the  decussation  is  more  complicated,  and  is  arrangeil  in  such 
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a  manner  ns  to  form  a  connection  at  the  same  time  between  Uie  two 
opposite  sides,  and  iKitweeu  the  eye  and  tlie  quadrigeminnl  tubercle  ou 
the  same  aide.     Here  also  the  api^arent  majority  or  the  fibres  cross  eacli 
other  completely  from  side  to  eitle,  though  intt'rniinj^led  at  the  cbiasin«l 
in  such  elcnder  bundles  that  they  are  di)*ttiigitisbable  only  liy  micro800pie| 
cxnminntiun.     But  at  each  side  of  the  uhiasma  there  is  also  a  layer  of  [ 
fibres,  which,  according  to  Ilenle,  hardly  exceeds  oue-tweotieth  of  i 

F\g.  172. 


Oocmas  or  TBS  Orf  ic  Nkktss  m  iMan.— 1,2.  Kight  aqJ  icU  cyebaUi.    s.  D«eunfttf(nr 
of  the  optic  aeryei.    4,4.  Tuberculs  quftdrigemlD*. 

millimetre  in  thickness,  passing  continuously  along  its  outer  border  and 
thence  running  forward  with  the  optic  nerve  to  the  eye  of  the  same  side,J 
These  fibres,  like  those  of  the  white  substance  in  general,  do  not  keep  th< 
same  horizontal  level,  but  fcAlow  a  more  or  less  spiral  course,  winding  sue 
cessively  outward,  downward,  and  inwurd,  from  the  ujiper  surface  of  the' 
chiasma  to  reach  the  under  surfnce  of  the  optic  nerve  in  front.     It  is 
not  known  in  what  special  parts  of  the  retina  the  two  sets  of  fibres  on 
each  aide,  namely,  the  decussating  and  the  direct,  find  their  termination. 
At  the  anterior  angle  of  the  chia««ma  there  are  also  fibres  which  pass 
from  side  to  side  in  a  curved  direction,  running  symmetrically  across 
from  one  optic  nerve  lo  the  other,  ami  forming  a  transverse  commissural 
baud  between  the  retin*«  of  the  two  eyes;  and  finally  at  the  posterioi 
angle  of  the  chiasma  there  are  similar  transverse  commissural  fibresj 
which  pass  forward  on  each  side  with  the  corresponding  optic  tract«1 
cross  the  median  line  at  the  chiasma,  and  return  backward  with  the  optio] 
tract  of  the  opposite  aide.     Thus  there  is  effected  a  fourfold  coiu)«ctioaj 
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hclwecn  the  two  eyos  and  tlieir  nervous  centres,  namoly,  1st,  that  Ite- 
tween  each  nervous  centre  and  thf  opjxisite  eye;  2il,  ttiat  lietween  eHcli 
nervous  centre  aii*!  the  corredpouding  eye;  3d,  that  butwet-u  tlie  two 
eyes  by  the  anterior  transversu  i-oinmissure;  and  4tli,  llmt  between  the 
two  nervous  centres  by  tlie  {xnsteriiir  irtmsverso  cotatuiKSure. 

The  phy«iolo«rical  aignrflfance  of  this  compound  decussation  is  not 
clearly  untlevstoiKl.  Wht'n  compared  as  it  presents  itddf  in  dilTerent 
classes  of  nniinals,  it  appiars  to  be  connecti-d  w ith  the  degree  of  diver- 
gence or  paralleiisra  between  the  visual  axes  of  tliu  Ivvo  eyes.  Thus  in 
fish,  where  the  eyes  are  bo  placed  on  0]>|)08ite  sides  of  the  bead  that 
their  axes  cannot  Im  brought  into  |iaralli'Iisra  with  each  other,  the  optic 
nerves  cross  from  side  to  side  as  distinct  cords  going  to  tlie  opposite 
ej-es.  In  birds,  where  the  eyes  have  nearly  the  same  relative  position  as 
in  fish,  tiie  decussation  ia  aho  eompHete,  lliougb  loss  evident  extcrmdly. 
In  quadrupeds  as  a  class,  the  eyen  are  set  niure  obliquely  forward,  white 
in  man  they  are  situated  completely  at  ihe  fiout,  so  that  their  visual 
axes  are  both  directed  forward,  and  parntlel  with  each  other,  or  may 
even  converge,  and  the  two  eyes  can  tluH  be  brought  to  bear  at  the  same 
lime  upon  near  objects.  The  quadruple  coinmunicutioii  which  exists  in 
m.-^n  is,  therefore,  visually  regarded  us  connected  in  some  way  with  the 
cafmcity  for  distinct  and  single  vision  with  the  siniullaneoiis  use  of 
both  eyes.  Cases,  however,  like  that  related  by  Vusaliii.«t,'  in  which  the 
decussation  was  wanting,  each  optic  nerve  going  iiidependeiitly  to  the 
eye  of  its  own  side,  without  any  noticeable  defect  of  vi.siou,  show  that 
such  a  communication  is  not  dircctfy  or  absolutely  necessary,  even  in 
man,  to  distinct  vision  f»f  single  objects.  It  more  probably  serves  In  an 
indirect  manner,  by  reflex  action,  to  facilitate  the  harmonious  muscular  j 
control  of  the  two  eyeballs,  by  which  the  corresponding  parts  of  the 
retina  on  the  two  sides  receive  the  visual  rays  coming  from  a  single 
object. 

CroHged  Artinn  of  ihe  Optic  Ner^eii. — The  results  of  observation 
show  that  the  action  of  the  optic  nerves,  as  channels  for  the  sense  of 
sight,  is  mainly  a  crossed  action.  The  experiments  of  Klourens,  Longet, 
and  Vul|)itm  coincide  in  thJs  respect;  and  in  i-egard  to  birds  tlie  fact  is 
easily  establisln-d.  If  in  the  pigeon,  as  we  have  frequently  ubserved, 
the  right  optic  tul>erc!e  alone  be  removed,  when  the  bird  has  recovered 
from  the  immediate  eflects  of  the  woutiil,  the  sight  is  to  all  ap|)earance 
completely  lost  in  the  eye  of  the  opposite  side,  but  remains  unimpaired 
in  the  eye  of  the  same  side.  After  such  an  oi^ration  an  instrument 
may  1h'  carefully  brought  in  close  prcixiraity  to  the  left  eye,  without 
producing  any  sign  of  its  perception;  Imt  the  instant  it  is  moved  a  little 
in  front,  so  as  to  come  within  the  range  of  the  right  eye,  the  animal 
starts  backward  to  avoid  it.  Flourens  obtained  similar  results  in  the 
dog  and  rat,  leading  to  the  conclusion,  which  agrees  with  that  of  Longet, 
that  in  quadrupeds  also  visual  impressions  are  transniitted  by  the  optic 
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nerves  entirely  in  n  crossed  dircctioa.  There  is  no  question  thflt  tlie» 
animals  atltr  des^tnictiuii  of  the  tulxnculsi  quadrigeininn  on  one  eide  aro 
mainly  blinded  in  the  opposite  eje,  since  they  use  exclusively  the  e^e 
of  the  woundetl  side  to  guide  thera  in  tlieir  mutions. 

In  mnn,  the  [):irtial  blindQcst)  of  both  eyes,  sometimes  obeerved  in 
cases  (if  Iiftiiiplogin,  makes  it  probable  that  the  transmission  of  sight 
takea  pliiCL-  by  both  the  crossi-d  and  direct  fibres  of  the  optic  tracts. 

The  reflex  iiilltieuoe  whieh  causes  contraction  of  the  pupil  i«  also 
transmitted,  in  tlie  lower  animals,  in  a  crossed  direction  ;  that  is,  tlie 
stitnulus  of  light  fidling  upon  the  retina  of  one  eye  passes  to  the  oplio 
tultercle  of  the  opposite  side.     15ut  here,  owing  to  the  transverse  con- 
nections between  the  central  parts  of  the  brain,  the  stimulus  becomes 
duplicated,  and  contracti«)n9  are   produced   io   the  pupils  of  both  e\'e« 
Bimultancously.     This  is  because,  although  the  sensitive  impression  is 
conveyed  iiiwanl  to  the  nervous*  eenlres  by  one  optic  nerve  only,  wlien 
tninslbrmed   into  a  motor  impulse  it  may   be  sent  outwartl   by  butll] 
oculomotorius  nerves  at  the  same  time.     Consequently  if,  in  a  pigeon 
one  eye  •«'  bliniK'd  by  removal  uf  the  opposite  optie  tul>ercle,  both  piipil& 
will  still  cotitnift  imdtT  the  stimulus  of  light  applied  to  the  sound  eye 
In  esnmining  one  eye,  therefore,  either  in  animals  or  in  man,  to  aseei 
tain  whether  or  not  its  retina  be  sensitive  to  light,  the  opposite  eye 
should  alsvays  be  covered,  in  order  to  prevent  its  exciting  a  movement' 
by  rellex  action. 

TMrd  Fair.    The  Ocolomotoriua. 
The  oculnmotoriufi  nerve,  so  called  bi'cnuse  it  supplies  four  oat  o 
of  the  muscles  moving  the  eyeball,  ori^j^inates  from  a  t'oUeotion  of  gray] 
substance  situated  next  the  median  line,  beneath  the  tiibercula  quadri 
gemina  and  the  aqueiluct  of  Sylvius.     As  this  gnnip  of  nerve  cells  ii 
continuous  with  that  which  gives  origin  to  the  fourth  nerve  or  palh^ 
tieus,  it  is  sometimes  designated  as  the  common  uucleun  of  (he  oculo^, 
vwtoriuK  and  pnihfiicus  ner'veg.     Fn>ra  this  nucleus  the  fibres  of  thft 
oculomotorius  nerve  pass  downward  and  forward,  through  the  substance^ 
of  the  cms  ceretiri,  unlit  they  emerge,  in  the  form  of  several  flattened': 
bundles,  from  its  inner  border,  a  little  in  front  of  the  anterior  e<1ge  of 
the  puns  Varolii.     From  this  point,  the  a|)pareiit  origin  of  the  nerve, 
its  filires  unite  into  a  rounded  cord,  which  riuis  forward  and  outwa 
to  penetrate  the  cavity  of  the  orbit  by  the  sphenoidal  fissure.     During 
il9  transit  along  the  walls  of  the  cavernous  sinus,  it  receives  one  or  twol 
tine  twigs  of  sensitive  fibres  fmm  the  trigemiuus  nerve.     In  enterin 
the  orbit,  it  divides  into  several   branches,   nnd  supplies  the  su|)erior, 
inferior,  and  internal  straight  muscles  of  the  eyeball,  the  inferior  obliquef, 
and  the  levator  palpebne  superioris.     The  oculomotorius  is  accorrlingly 
concerned  both  in  the  vertical  and  lateral  movements  of  the  eyeball,  and 
in  those  of  rotation;  while  of  tlie  two  other  muscular  nerves  of  this 
organ,  the  flb«luccns  and  patheticus,  one  is  connected  only  with  the; 
movement  of  lateral  abducUon,  the  other  onlv  with  that  of  rotation. 


■ 
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Decusttation  o/  the  Oculomotorius  Nerve. — According  to  the  observa- 
tions of  Mcynurt,  u  decussuliun  tcikes  jihice  bt-twefii  the  otiilonioturius 
iiurk'Uii  and  tlie  oppusito  side  uf  the  bnuu,  by  means  of  6brus  emt-rging 
from  the  raphe  upon  the  median  line,  nenrwhicli  tiie  nucleus  ia.  situated. 
'I'hese  fibres  come  originally  from  the  corpus  atrintuni,  thence  running 
backward  along  the  inner  border  uf  the  cruru  cerebri,  into  the  longitu- 
itinjtl  lamina  forming  the  raphe  Ijetween  Iheni.  I'ntlernenlh  the  aque- 
duct of  Sylvius  they  decussate  with  each  other  at  acute  angles,  those 
from  the  right  corpus  striatum  passing  to  the  nucleus  of  the  left  side, 
and  vice  Vfr.-id.  Each  ocnlomotorius  nerve  is  therefore  in  connection 
with  the  opj>osile  side  of  the  brain,  not  by  means  of  its  own  tibres,  l>ut 
through  the  intervention  of  its  micleua  and  thu  fibrus  which  pass  thence, 
Ihrongh  the  raj»he,  toward  the  opposite  corpus  striatum. 

I'hyiiiQlogtcal  J'rojicrtirifo/  the  Otulomotoriun  A'mv. — Tlie  r>culomo- 
torios  is  in  itself  an  exclusively  motor  nerve,  and  has  )K>en  found  by 
Longet,  when  examiniHl  in  the  living  animal,  near  its  point  of  emergence 
from  the  cms  cerebri,  to  be  insensililc  to  mechanical  irritation;  but  at 
some  distance  farther  forward,  al\er  receiving  its  liranchcs  of  com  in  n- 
nication  from  the  tilth  pair,  it  exhibits  a  certain  degree  of  sensibility. 
Its  excitability,  on  the  contrary,  is  very  manifest ;  and  its  irritation 
within  the  cranial  cavltj,  even  after  it  has  been  separateil  from  its  con- 
iiectinn  with  tlie  brain,  causes  convulsive  action  in  the  muscles  of  the 
eyeball. 

Tlie  physiological  function  of  this  ner\*e  is  distinctly  shown  by  the 
nature  of  the  paralysis  following  its  section  either  before  or  after  its 
entrance  into  the  orbit.  These  results  are  for  the  most  part  very  sim- 
ple and  well  marked,  and  are  estaltlished  b}-  the  uniCorm  testimony  of - 
various  observers.  'I'hey  consist  of  the  paralysis  of  the  live  nuiscles  to 
which  the  nerve  is  distributed,  and  induce,  consequently — 

1.  External  vtrabismuit,  from  ctmtinucd  action  of  the  external  flrnight 
muscle  of  the  eyeball,  wliieh  is  no  lunj^er  controlled  by  that  of  the 
internal. 

2.  (Jeneral  immobility  of  the  eyrhnU,  owing  to  the  abolition  of  its 
natural  upward,  downward,  lateral,  and  rotatory  movements.  For 
although  two  of  tlie  niiisck's  of  the  eyeball,  namely,  the  external  rectus 
and  tJie  superior  t>blique,  remain  «n]>aralyzed  ;  yet,  as  they  are  no 
longer  antagonized  Ity  the  remainder,  they  can  only  produce  a  perma- 
nent deviation  of  the  eyeball,  but  no  alternate  movement  in  op|>osite 
diicctions.  Jn  most  of  the  lower  animals  there  \h  also  an  uniisuMl 
prominence  of  the  eyeball,  ow  ing  to  the  relaxe<l  condition  of  the  musctes 
which  serve  for  retraction. 

3.  Dronping  of  the  upper  eyelid.  In  the  ordinary  action  of  opening 
the  eye,  it  is  the  up]>er  eyelid  alone  which  moves,  lieing  raised  so  as  to 
uncover  the  cornen  and  ])U|iil,  by  the  contraction  of  the  levator  palpebrie 
snpcHoris.  As  this  muscle  is  animated  by  a  nervous  branch  coming 
from  the  oculomotorius,  it  is  paralyze*!  by  section  of  this  nerve  at  the 
same  lime  with  the  muscles  moving  the  eyeball.     The  consequence  is 


tliat  the  eye  can  no  longer  be  opened  to  its  full  extent ;  although  it  cas 

still  lie  floseil  as  usual  by  lh*i  Jictiou  vf  tlie  orV>ieiilari3  ociili,  wlurli 
iloL>8  iioL  (leiH'iid  upoii  tlu>  ui'iiltumUoriiis,  but  is  aniinatetl  by  brHiiclu'a 
derived  from  the  Beveiilh  pair,  or  fucial  nerve.  TUe  superior  eyelid 
therefore  tlroop.s,  n?stiug  by  its  own  weight  in  such  a  position  as  to 
covor  ihc^  tipptT  |^orLiuu  of  the  eorat'u,  nml  the  greater  part  or  oven  the 
wliule  of  the  jiupil.  lu  man  tins  ci>uilitiuii  uf  the  ej»elid  is  known  ii* 
ptuxin^  anil  is  one  of  the  conseqneuces  following  paralysis  of  the  ocul"> 
inotoriu3  nerve. 

The  influence  of  the  oculomotorins  upon  the  contrndila  mnnrmrnt:^  of 
Ifit'  ir/.s  is  iuiporlarit,  tliough  less  distiiit-t  «ij<1  uniform  iu  its  aetioti,  m 
sihown  by  ex|>eriment,than  tfmt  exerted  upon  movements  of  tl>e  eyclwill 
itr^elf.     The  contiectinn  of  the  ociilomotoiius  with  tlie  muscular  nppa* 
ratns  of  the  iris  is  not  a  direct  one,  but  taUes  pluce  through  the  inter- 
venUon  of  tfie  ophth.ilraie  ganglinn,  to  whieh  tins  nerve  sends  a  coinmu- 
niciiting  motor  brnneh,  and  which  in  turn  givea  otf  the  eili.iry  nerves 
destined  for  the  iris.     Some  observers  (Herbert  Mayo,  Longet)  have 
found  well-iuiirked  (laralysis  of  the  iris  followtni;  division  f»f  the  oculoroo 
lorins  nerve,  and  enumerate,  ns  consequences  of  this  iujury,  .n  penaanent 
dilatation  and  imtnolnlity  of  the  [uipil.     In  the  esperinieuts  of  Longet, 
whi^'h  were  ijerforuied  on  dogs,  rabbits,  and  pigeons,  irritation  of  the 
*'e|ilialit:  CAtremity  of  the  optic  nerve  caused  contraction  of  the  pupil  iu 
both  eyes;  but  niter  division  of  the  oculiHiioturius  nerve  the  ertect  was 
1IO  longer  produced  upon  the  operated  side.     Bornunl  has  also  found 
that  division  of  the  oculomotorius  ia  followed,  in  the  rabltit,  by  dilata- { 
lion  of  the  inipil,  and  that  in  the  operated  eye  the  iris  contracts  only 
very  slowly  and  im[icrfeetly  under  the  intliienee  of  light.     It  is  not,  ^ 
however,  completely  paralyzed,  since  it  may  still  move  with  consider*- i 
ble  ]ironiptitude  un<ler  tlie  influence  of  piunful  impressions  conveye<l  by' 
the  fillh  pair.     TUe  action  of  the  oculomc>toriu3  upon  the  pupil,  there- 
fore, is  energetic  and  constant  in  the  ordinary  reflex  movement  of  con- 
traction under  the  stimulus  of  light;   but  it  takes  place  through  thej 
ophthalmic  ganglion,  to  which  it  communicates,  in  a  certain  degrvo^  iiii 
motive  power. 

Foarth  Pair.    The  Pathetiona. 

This  nerve  presents  a  variety  of  peculiarities,  which  have  always, 
not  withstanding  its  minute  size,  attracted  to  it  more  or  less  special 
attention.  It  is  di8tribnte<l  exclusively  to  the  superior  oblique  musclti 
of  the  eyeball ;  its  name  baving  been  rlerived  from  the  nn>taken  idea 
that  this  muscle  turned  the  eye  upwunl  and  inward.  The  two  oblique  < 
muscles,  however,  have  been  fully  shown  to  cause  in  the  eyeball  a  nearly 
simple  movement  of  rotation  ahout  its  longiln<tinal  axis.  They  are 
antagonistic  to  each  other;  and  by  their  contraction  and  relaxation, 
during  movements  of  inclination  of  ttic  head  from  side  to  side,  they 
maintain  the  horizontal  i)lnues  of  the  two  eyeballs  in  the  same  position* 
If  this  paralleliiim  were  not  preserved,  objects  would  appear  to  stand  iu 
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ilifferont  degrpes  of  obliquity  to  the  two  eyes,  producing  uncertainty 
und  double  vision. 

Tho  atiparfiit  orifrin  of  the  pfithetieiis  nerve  is  directly  behind  the 
tuUereii!:*  qtiiKln^t-niiim,  f>n  tlje  u|iin'i'  siii'l'itci;  of  the  I'ulot-  nf  1'ieuntit'HK^ 
a  tliiii  liitniiiii  ot WUite  hii I wtanw,  extending  from  this  situation  ba<k- 
ward  to  the  cerebellnm,  and  thus  covering  in  the  anterior  j>art  of  the 
fourth  ventricle.  The  fibres  of  llie  nerve,  however,  cau  be  traced  from 
without  inward  in  a  tr.insvtMve  direction  tbroiifjii  the  subsitflnee  of  the 
valve.  According  to  I{(.-t)te  jukI  M«.'.\niert,  a  great  i»art  ol  lliese  fibres 
cross  the  median  line,  decussating  with  those  coming  in  the  opposite 
direction  from  tlic  corrcs[iouding  nerve  on  the  other  side;  then,  tnrning 
downward  and  forward,  they  reach  a  colleclion  of  gray  matter  seated 
just  bfhidd  the  uticleus  of  the  ocidoniotoriuH  nerve,  and  continiioti» 
with  it  aiitcriorlj-.  According  to  lleide,  n  ])orti(m  of  the  filires  also 
remain  upon  the  same  side  of  the  median  line,  and  terminate,  without 
crossing,  in  tliis  and  another  nucleus  not  far  distant.  The  tolkction 
of  gray  matter  just  dcscriliud  is,  bowevor,  rcgarde<l  as  the  main  nucleus 
or  point  of  origin  for  the  fdirea  of  the  patlietieus*  nerve.  This  nucleus 
is  eituated  beneath  the  -nquedtict  of  Sylvius,  near  the  median  bne,  and 
at  a  situation  corrcbpomliiig  with  the  anterior  tiibercula  quadrigcmina ; 
wiiile  the  point  of  exit  of  the  nerve  is  above  the  aqueduct  of  Sylvius 
and  behind  the  posterior  tuficrcula  quadrigcmina.  Its  fibres,  accord- 
ingly, ndter  leaving  the  gray  matter  in  which  they  originate,  encircle 
the  lateral  walls  of  tho  aqueduct,  running  obliquely  upward  and  back- 
wartl,  and  then,  curving  inward,  cross  tiie  median  line  to  their  point  of 
emergence  on  the  op[iot>ite  side. 

From  this  point  the  nerve  passes  forward,  as  a  slender,  rnun<led  fila- 
ment, not  more  than  one  millimetre  in  diameter,  hut  containing,  accord- 
ing to  the  estimate  of  Kosentlial,  about  1100  ultimate  nerve  fibres.  It 
passes  along  the  U])per  wall  of  the  cavcnuuis  Biiins,  where  it  lies  in 
immediate  proximity  to  the  oculomotorius ;  and  thence,  entering  the 
cavity  of  the  orliit  by  the  sphenoidal  fissure,  terminates  in  the  sub- 
stance of  the  KU|>erior  oblique  muscle  of  the  eyeliall. 

The  course  of  the  fibres  of  the  oculomotorius  and  patheticus,  when 
compared  with  each  other,  t»hows  a  remarkable  relation  between  two 
nerves  which  are  apparently  distinct.  Tlie  fdvres  of  both  originate  from 
adjacent  portions  of  the  Panic  nucleus,  situated  in  the  thickness  of  the 
cms  cerebri.  Those  of  the  oculomotorius  pass  downward  aiul  forward, 
to  emerge  from  the  inner  free  lK>rder  of  the  crus,  at  the  base  of  the 
brain ;  while  those  of  the  patheticus  pass  upward  and  backwartl,  to 
emerge  from  the  upper  and  posterior  part  of  the  cerei)ro-spinal  axis, 
between  the  cerebrum  and  cerebellum.  Hut  the  two  nerves  afterwarti 
(lass  side  by  side,  in  their  passage  towant  the  orbit,  and  are  fin.-dly  dis- 
tributed to  muscles  which  are  associated  in  the  accomplishment  of  the 
sume  movements. 

Flnjuiulofjical  Properties  of  the  Pntheticu»  Nerve. — The  anntomtcal 
distribution  of  this  nerve  to  a  muscle  which  receives  filaments  from  no 
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other  source  indicate  in  great  measure  its  motor  character,  which  ii 
fiirthcnnore  fully  estaliltshwl  by  the  results  of  ubsen'alion.     Both  th^j 
experiments  of  Uhauvenu  on  the  horse  and  rabbit,  and  those  of  Longv^M 
on  the  horse,  ox,  and  dog,  show  that  galvanization  of  this  nerve  iaj 
the  interior  of  the  cranium  pro<luees  always  coutractiou  of  the  &up«Mj 
rior  oblique  muscle  of  the  eyeball,  wilh  rotation  of  the  eyeball  on  il 
longitudinal  axis   from  without  in  nan!  ;  «nd   in  those  of  Longet  ther 
was  also  a  i>ercc'ptible  deviation  of  the  pujiil  outward.     In  cases  quott 
by  Longet,  in  the  human  subject,  attributed  to  paralysis  of  this  Dcr\'eJ 
there  was  ineapacity  of  rotation  of  the  eyeliall  on  the  affected  side,  and 
consequently  duulde  vision,  tlie  image  perceived  by  the  atfecled  eye  being 
oblique  and  inferior  in  reiiard  to  the  other;  but  these  disturbances  of^ 
visjun   dibapjieared  when  the  head  was   inelLaed  toward  the  op])osil 
eide. 

The  patheticus  is,  acconlingly,  the  motor  nerve  of  the  superior  ol 
lique  muscle,  and  acta  in  harmony  with  the  Oi-'ulomotorius  to  pre8er\< 
the  horizontal  plane  of  the  eyeball. 

Fifth  Pair.    The  Trigeaiimu. 
The  fiflh  pair  occupies,  in  every  respect,  a  prominent  place  amonj 
the  cranial  neiTif;.     It  is  the  great  sensitive  nerve  of  the  face,  beinj 
the  only  source  of  general  sensibility  for  the  integument  and  mucou4 
membranes  of  this   region ;  and,  by  communicating  branches  sent  tc 
the   corresponding  motor   nerves,  it   also    (trovides  for  the  iniperfeet 
degree  of  sensibility  behmging  to  the  facial  muscles.     While  in  its  mail 
portion,  however,  it  is  thug  pre-eminenlly  a  sensitive  nerve,  it  also  pofl 
sesses  motor  fibres,  derived   from  a  distinct  root,  and   distributed  lo 
muscles  of  a  distinct  group.     Before  emerging  from  the  cranial  cavilj 
it  separates  into  three  main   divisions,  destined  for  the  corresponding 
regions  of  the  face;  and  its  name,  trigeminus,  is  derived  from  the  faei 
that  these  three  primary  divisions  of  the  nerve  are  nearly  alike  in  sizi 
and  importance. 

The  apjiarent  origin  of  the  fifth  nerve  is  from  the  lateml  portion  of 
the  pons  Varolii,  where  its  two  roots  emerge  in  close  approximalioa^ 
to  each  other,  but  usually  separated  by  a  narrow  band  of  the  trans 
verse  fibres  of  the  pons.     The  anterior  or  motor  root  is  the  sraallerj 
Ijeiug  abtjut  twu  inillimctres  in  diameter;  the  posterior  or  sensitive  rool 
is  the  larger,  and  having  a  diameter  of  about  five  millimetres.     Hoi! 
^_  these   roots  may   be  traced,  through  the  fibrous  bundles  of  the  ponf 

^^H         Varolii,  backward,  upw:<rd,  and  inward  toward  the  gray  substance  l* 
f  neatb  the  flnor  of  the  jinterinr  part  nf  the  fourth  ventricle.     The  tw( 

I  roots,  which  remain  distinctly  separated  throughout  most  of  their  pas 

I  sage  througli  the  pons,  join  each  other  above  and  become  closely  entar 

I  gled  by  tlie  interweaving  of  their  bundles;  thouuh  their  fibres  may  stil 

y  Iw  distinguished,  on  mici'oseopic  exivminatiiMi,  by  the  generally  larger 

I  size  of  those  belonging  to  the  motor  root.     They  finally  reach  a  colkn^"- 

^_         tion  of  gray  matter,  the  **  nu{;lcu&  of  the  fifth  nerve,"  which  is  siiuaicd 


THE    TRIGEMINUS. 


527 


nejct  "behiud  that  of  the  oculomotorius  and  patheticus,  but  farther  out- 
w&rd  from  tlie  median  Hue,  occupying  the  extreme  lateral  part  of  the 
fourth  ventricle,  wljere  its  floor  loims  nn  ungle  with  the  roof.  The 
IJhrus  of  the  nerve  tiiminiite  partly  in  ur  among  the  large,  stellate,  and 
iliirk-colored  cella  of  the  nucleus.  According  to  Henle,  a  [>ortion  of 
them  also  pass  throngii  the  nucleuH,  nearly  to  the  surface  of  the  floor 
of  the  ventricle,  and  thence  inward  to  the  raphe  at  the  meilian  line, 
where  they  cross  to  the  opposite  side;  while  another  jiortion  still,  re- 
maining upon  the  same  8i<le,  pass  upward  with  the  KiiptTior  peduiictes 
of  the  eerehellum,  and  lose  themselves  in  the  substance  of  the  liibercula 
rinadrigemina.  The  fibres  of  the  fifth  nerve,  accordingly,  which  termi- 
nnle  in  t!ie  nucleus  proper,  form  partly  a  direct,  and  partly  a  crossed 
couucction  between  the  external  organs  and  the  nervous  centrea. 

Pig.  173. 


NtL 


\Nt 


\ 
'RAJfavKRSii  Suction  of  thb  Ftoon  or  tb«  For«Ta  VuwTHirLii,  *t  tb« 
ttuntloo  or  the  nuclcux  of  the  TrlKemluun  JTervcj  Humaa  bmiu— Nt.  Nl',  mrdUn  and 
t^ti^l   portioai  t>f  the  nuelcu*.      V".  >'ihreii  of  the   oerve  root.     MngnlfliH]  6  ilimnrtrrt. 
l(Urnto.) 


After  emerging  from  the  pons  Ynrolii,  the  two  roots  of  the  fifth  nerve 
^pass  outward  and  forwani  in  company  with  each  other,  the  larger,  pos- 
terior, or  wnsitive  root  lieing  ])Iaced   nliove,  the   smaller,  anterior,  or 
motor  root  underneath.     On  reaching  the  apex  of  the  fn'trous  portion 
>f  the  temporal  bone,  a  little  outside  and  behind  the  posterior  clinoiil 


DiAnRAM   or   THK    TiTTH    Nienvit   and   its   r>i»TiirnnTioif  — I.  Seniltire   root- 
li  Molitr   root      a.  (jF»»Berlnn  KMiiffllon.     1.  (Iphthnlmlc  divlslun.     II.  Superior    tttixMi^rf 
divlBltiii,     JH.  Inrcrinr  mnxlllnry  (llTl»ion     4    Suprn-orbitnl  nerve,  distributMl  to  the  tkla. 
i>r  tlip  riirelK^iKl,  litnrr  nii)tlp  oT  Hip  eye,  nnU  root  t>r  the  tio«c.     (.   lufrii-orbltiil  nerve;  to  lti«i 
akin  of  the  liiwpr  cvellil,  *iile  of  tlie  none,  Ami  !>kln  «j)tt  mucous  mrnibrnnp  of  Ihe  ii|i|>er  Ilj<. 
U     Mrn'al   titrvv^;  tir    Itif  Intppumenl  of  the  chin  nnti  rtlgp  n(  the  hiwer  jnw,  miit  akin  i«Ii<1 
Inlll^ou*  iuoinhrnn«  of  the  htiver  ll|i,     n,  n.   Mxtcrnitl  lerminfttloni  of  llie  onsnl  brineh  of  thf 
opbthtlmlc  (UvUton^  to  the  tnueou*  membrkiio  of  ttic  tnncr  pnrt  of  the  eye  Ai>d  the  n«*«lj 
imaHJigi'ii,  nndl  to  the  bnar,  lip,  nnd  winf;  nf  th>^  tinae.     I.  Temporal  brnneh  of  the  •upvrtor  | 
mnxllUry  ilivlnion;  tit  the  itkin  of  the  IciiiporAl   ri>i;lon.     m.  M*lKr  brnnoh  of  the   »U|irn«r1 
mAxllUry  illvlslon  .  to  the  Rktn  of  tlie  cheek  in<l  nelghhorinif  pnrt*.     i.  Buecioiitor  hrnocA  I 
nf  the  Infrrior  innxillAry  dlvlfildn  ;  pni<«iiifr  nlong  the  (urfitee  nf  the  hueelnitnr  muticle,  nod 
•ii»tributc(l  to  the  mif^ou*  membrnne  of  the  rheek,  And  to  the  inucouA  tnembrAiir  nutl  •kla] 
p"he  lf|if<.    I.  I^iiiKUnl  nrrve;  to  the  muruu*  tnedihrnnc  <if  the  naterior  two-ihird*  of  tb*  | 
ton^U4\    at.   Aurleiilo-tenipornI  hrAOfh  <if  the  inferior  inxxillAry  divlalun  i  to  the  ikln  of  (he 
nnterlur  part  of  the  extertiAl  enr  An<l  niljncenl  trmporil  reKtoD.    f,  t,  r.  AluicuUr  brmDcbe*; 
to  the  temi^nrAl,  itiAimeter,  And  Internivl  itnd  exleronl  jilery^otd  muse  lea.    y   Muscular  lir«ni>h| 
to  the  mylo-hy<itil  otid  Anterior  belly  uf  the  dlgnilrlc  inuKCl'ea.    /.  Sensitive  branch  uf  cuit.. 
municntlon  tu  ttie  fAclAl  nerve. 


the  fibres  fieri vefl  from  the  sensitive  root.  Acconliug  to  the  observa- 
tions  of  KoUiker,  tlie  fibres  of  the  sensilive  root  simply-  pass  throii^ih 
the  tjrn.v  rmittt-r  of  the  {jaiiplioii.  mnkitiir  no  ;>ii!itoniifal  fonnectkui  with 
its  nerve  eelU ;  nhik-  the  gaiigliuti  l-lIIo,  which  uru  tuusUy  tiulpuLar  in 
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form,  pive  off  nddfttonnl  filircs  in  a  periplicrsU  dirwition.  Thus  the 
bnuiclu-s  of  tlio  filtliiifcrve  l»i-yoiid  tbc  gonglitin  oimlaiii,  beside  the  fibres 
derived  rroiu  Lis  seusilivc  lout,  otbers  whicli  Lnve  inigiuatotl  from  the 
gnugliun  itsulf.  The  luotor  root  posBea  nn<lerneath  tlie  ganglion  iia  a 
distinct  biindio,  and  neither  gives  to  nor  receives  from  it  any  nerve 
fibres.  At  liie  nntericM'  or  convex  bonier  of  the  (lasserian  ganglion,  the 
nerve  Bepanites  into  three  neswly  eqiud  cylindrical  bundles,  namely,  the 
first,  or  o|ihlhalmic;  the  secoud^  or  siiijerior  maxillary;  and  the  third, 
ur  inferior  maxillary  divisions  of  the  (lf\li  nerve. 

The  ophfhnlmii'  diviston  passes  forward  throneh  the  splienoidal  fis- 
sure into  the  orbit  of  the  eje,  where  it  gives  filatiieuls  to  the  ophthalmic 
ganglion  anrl  to  the  ej'eball ;  a  iiu^al  branch  nhieb  6U|)plie8  the  integu- 
ment and  mucous  membrane  of  the  inner  [mrt  of  the  eye,  the  mucous 
membrane  of  the  midrlle  and  inferior  nasal  passages,  and  the  integument 
of  the  root,  win^,  au<|  tip  of  the  nose;  and  a  branch  to  the  lachrymal 
gbmd  and  the  integument  of  the  upper  eyelid  and  utljacent  region.  It 
then  emerges  from  the  cavity  of  the  orbit  by  the  supra-orbital  notch, 
and  is  <3istributed  to  the  skin  of  the  forehead  and  side  of  the  head,  as 
far  liack  as  tlie  veitex. 

The  nnperior  maxillary  division  passes  out  of  the  cranial  cavity,  by 
Uie  foramen  rotundum,  at  the  base  of  tiie  skull,  into  the  spheno-mnxil- 
lary  fossa,  where  it  gives  a  sensitive  brancli  to  the  fsphcno-palatine  gan- 
gli«m  of  the  sympiithetic,  thenoe  into  and  through  the  longitudinal 
canal  in  the  floor  of  the  orbit,  giving  otT  a  branch  which  runs  upwanl 
and  outward  to  terminate  in  the  skin  of  the  malar  and  temporal  regions, 
and  numerous  descending  branches,  which  supply  the  teeth,  gums,  and 
adjac-ent  mucous  memltrane  of  the  up|>er  jaw,  and,  by  a  nasal  filament, 
the  mucous  membrane  of  the  bottom  of  the  nasal  passages.  The  nerve 
then  emerges  upon  the  face  by  the  infra-orbital  forauu-n,  and  is  distri- 
buted in  abundant  diverging  branches  to  the  integunveat  of  the  lower 
eyelid  and  the  side  of  the  nose,  and  to  the  skin  ami  mucous  membrane 
of  the  u|)per  lip. 

The  inferior  maxiUarif  dim'sion  leaves  the  anterior  border  of  the 
Gasserian  ganglion  at  a  different  au'jrle  from  the  two  others,  parsing 
almost  vertically  downwanl  tlirongli  the  foramen  ovale.  This  division 
receives  all  the  fibres  of  the  motor  nerve  root,  which  become  more 
or  less  intimately  united  to  it  during  ami  afler  its  passage  through  the 
bnsc  of  the  skntl  While  the  two  otln'r  divisions  of  the  fifth  nerve  are 
therefore  exciusivi'ly  sensitive,  tlie  inferior  mnxillary  division  is  a  mixed 
nerve,  contsiiiiing  both  motor  and  sensitive  fdjres.  Its  sensitive  portion, 
however,  is  still  the  most  abundant,  and  all  its  motor  branches  are  given 
otf  a  short  dislance  below  il.s  puiut  fif  exit  fi'om  tlie  skull. 

After  emerging  from  the  Coninu-u  ovale,  this  division  of  the  fifth  ]>air 
supplies  one  or  two  filaments  to  the  otic  ganglion  of  the  sj'mpathetic, 
which  is  situatcl  near  its  inner  surface,  and  passes  downwuni  toward 
the  inferior  <lental  canal  ;  sending  otf,  i.i  the  mean  time,  two  sensitive 
brunches,  uamdy,  Ist,  the  buccmalvr  branch  1,6},  dcsUned  for  the  mucous 
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nu'iiibrane  of  fcht>  cheek,  ami  the  skiiv  ami  raucous  momhraiie  of  the  11p<;  ' 
:uiil  2d,  the  (mrtculoAe.mporal  braiah  (aV),  which  turns  UackwanI  ami 
upward  behiiirl  the  neck  of  the  interior  maxiilii,  to  be  di3tribiite«l  U> 
thi'  irjtepuiuetjt  t>f  the  anterior  wall  of  the  external  auditory  raetitn^, 
the  iuiterior  part  of  tlie  exteriuil  ear,  iititl  the  utljaceiit  teuiiwral  region. 
P'roin  ttiia  branch  a  twig  of  consideraltle  size  is  given  off  (/'),  which  j 
turns  forwanl  to  join  the  f!ici:i]  nerve,  and  coramunicates  to  its  brsttdiefti 
in  front  of  this  point  n  peieeptihle  degree  of  sensibility. 

Coiilinuitit;  its  course,  the  nerve  enters  the  dental  canal  of  the  inferior  ; 
mnxilht,  through  which  it  runs  from  behiml  forward,  giving  olf  filauii'ntsi 
t<^  the  teeth  and  ijurna  of  tlie  lower  jaw.     It  then  emerges  at  the  roenud 
foramen,  and  radiates,  like  the  corresponding  portion  of  the  superior | 
iniixilhuy  division,  in  diverging  lu-aneUesi  nnd  ramifications,  whieb  ter- 
uiiuiite  in  the  intt'gnment  of  tlie  chin  and  edge  of  the  under  jaw,  and  iu 
the  skin  and  niurous  nictnhrane  of  the  lower  lip. 

The  reiiiaining  sensitive  brancli  of  this  portion  of  the  fifth  is  tlie 
linffval  iwrve  (/>,  which  separates  from  it  before  its  entrance  into  tlie 
deiktat  canal,  sends  filaments  to  the  submaxillary  glaii<l,  the  sympatbelio 
submaxillary  ganglion,  and  the  a<1jacent  mucous  membrane  of  thftj 
iDouth,  and  \n  tinally  distributed  to  the  mucous  membrane  and  papiltaa 
of  the  tip,  edges,  and  surface  of  the  anterior  two-thirds  of  the  tongue. 
Fiiiali}-,  the  motor  brandies  are  those  (ar,  j:,  jr)  going  to  tbe  temporal^J 
mnsseter,  suid  two  pterygoid  muscles,  and  that  which  is  distributed  (i/J| 
to  the  mylohyoid  muscle  and  the  ant<'rior  belly  ol'  the  digastric. 

f'liij>iiol<j(iical  Projtertii'ti  of  (he  Fijth   Pair, — The  most  prominent j 
and  iuiportiiiit  chiiracter  belonging  to  tliis  nerve  is  that  of  its  general^ 
Hensihiiily.     The  regions  of  the  face  to  which  it  is  distributed,  nnmclyi 
the  skin  of  the  cheeks,  tlie  eyelids,  the  tip  "f  the  nose,  the  lips,  mucoc 
surfaces  of  tiie  anterior  nnres,  nnd  especiidly  the  tip  of  the  tongue,  posseiMll 
a  tactile  senwibility  of  much  higher  grade  than  most  other  regions  of  lh« 
body.     The  nerve  itself,  with  all  its  principal  branches,  is  also  acutelj 
aeusilivG  to  mechanical  irritation,  and  will  give  rise  to  indications  of  J 
sensibility  on  being  wounded  or  galvanized,  under  conditious  when  the 
Bpimil  nerves  generally  ui'e  nearlj-  or  quite  inactive. 

But  the  most  dii-ect  ami  conclusive  experiment  bearing  on  the  phvsi< 
logical  functions  of  this  nerve  and  its  branches  is  that  of  dividing  thenif] 
either  siparately  or  tugcther,  by  a  transverse  section.     Kither  thoinf 
orbital  or  mental  nerve  maybe  divided,  in  the  quadrupeds, at  the  ]K«iQt 
where  they  emerge  from  the  corresponding  foramiiui  in  the  maxillar 
bones.     A  more  decisive  method  is  that  ofdividrng  the  fifth  nerve  in  th< 
interior  of  the  cranium   by  a  section  passing  tiirough  its  trunk  at  lbtt| 
situation  of  the  Uasserian  ganglion.     This  operation  was  first  perfornuH 
by  Magendie,  and   has  since  been   frequently  repeated  by  various  cxi^ 
perimenters.     It  may  be  done,  upon  the  cat  or  the  rabbit,  by  means  of  | 
a  steel  instrument  wilb  a  slender  shank  and  a  narrow  cutting  blade] 
projeetiuj^  at  neiirly  a  right  anijle  from  its  i-xtremity.     The  instram*'nl 
is  introduced  in  a  horizouLal  direction  ihrougli  the  squamous  punioi 
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of  the  temporal  bone,  and  pushed  inward  and  a  little  forwanl,  with  its 
cutting  bliuJe  laid  flatwise  upon  the  siulace  of  the  petrous  porlion,  until 
it  strikes  the  posterior  clinoid  process.  It  is  tlien  withdrawn  sllglitiy, 
its  cutting  ed^e  tum<;il  dowiiwart,  an<l  tln:;  tilth  nerve  divided  where  it 
crosKi's  the  iipi'x  of  llie  pyramid  formed  by  the  petrous  portion  of  ihe 
temporal  bone.  The  instrumenl  is  ni;nin  turijed  with  its  cutting  blade 
flatwise,  and  witb4lrawn  iVotu  tiie  skull  iu  this  iKjsitton.  When  thia 
iniUioBUvre  is  sufcessfully  carried  out,  idl  the  fibres  of  the  fifth  nerve  iire 
diviiled  nt  a  siir^jle  8lr<*ke,  and  the  oidy  ])art  of  tlie  bniii  neeessarily 
wounded  is  the  inferior  jwrtion  of  the  lemjioral  lolx*.  The  heukorrhage 
is  smidi  in  amounl,  producinj;  onl3'  a  slight  degree  of  cerebrul  eunijires- 
sion,  IVoin  wliiclt  the  aninitd  soon  recovers. 

The  immedittle  elfeet  of  this  operation  is  a  complete  loss  of  sensibibty, 

jupon  the  operated  side,  in  the  integunieut  nnd  iiiuc-oiia  membranes  about 

lie  face.     The  cornea  or  C4)iijnncliva  can  be  touehed  or  j)rieked  without 

Sxciting  any  movement  of  the  eyelids ;  while  n])on  the  opposite  side 

these  parts  retain  their  natural  ijeutenoss  of  sensibility,     A  probe  may 

be  dee[»ly  introduced  into  the  nasal  passages,  or  the  un|ier  or  lower  lip 

may  l>e  pierced  throughout  its  substance  with  a  steel  needle,  without 

producing  any  indication  of  pain,  or  eliciting  nny  sign  of  sensation  on 

le  part  of  the  animal.     At  the  satne  time  the  power  of  motion  in  these 

»arts  is  unaffected.     The  eyelids  may  Ik?  opened  or  close<l  under  the 

iiiduence  of  visual  impressions^  and  the  moveraents  of  the  lips  and  other 

Parts  continue  to  be  perfornioii  in  a  nearly  natural  manner.  In  the  cat, 
»e  loss  of  sensibility  and  the  persistence  of  the  power  of  motion  is 
readily  seen  by  irritating  at  different  points  the  integument  of  the  ex- 
teraal  ear,  which  in  this  animal  has  naturally  an  aciile  tactile  sensibility. 
If  the  point  of  a  steel  instrument  be  brought  in  contact,  upon  the 
)perat4'<l  side,  with  the  anterior  |jart  of  the  ear,  which  is  supplied  by 
Ibres  fnnu  the  thin!  division  ftf  the  fifih  nerve,  no  effect  is  i>roduce<l. 
But  if  the  same  irritation  be  applied  to  the  hack  part  of  Ihe  ear,  which 
is  supplied   by  the   great  auricular   nerve  from  the  cervical  plexus,  a 

kviiiorous  twitching  intivemenl  is  at  once  excited.  According  to  Longet, 
the  most  vi(;lent  injuries,  such  as  exseclion  of  the  eyeball,  evulsion  of 
Uie  iiairs  about  tlie  lips,  extraction  of  the  teeth,  or  destruction  of  the 
jntegunieut  by  the  acutual  cautery,  may  l>e  performed  after  coni|ilete 
division  of  the  filth  nerve  without  causing  any  painful  sensation.  There 
is  enliri;  aniesthesiu  of  all  the  parts  supplied  by  iilnments  of  this  nerve. 
The  fifth  pair  is  accordingly  the  exclusive  source  of  sensibility  in  the 
iiuperfieiHl  n-gions  of  the  face,  and  all  parts  of  the  nasal  and  buccal 
cavities  to  which  it  is  distribute*!. 

Painful  Ajl'ictitmg  of  l/if  Fifth  Pair. — This  nerve  is  also  the  seat  of 
all  the  neuralgic  painful  affections  abuut  the  head  and  face.  The  most 
ommon  of  tliese  is  headache :  which  may  be  general,  extending  over 
b<>th  sides  of  the  forehead  and  vertex,  or  confined  strictly  to  one  side. 
It  often  seems  to  be  located  iii  the  nerves  suppl}  iug  the  periosteuiu. 
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especiiilly  that  lining  tlic  oibil  of  the  eye, or  tlie  iVontal  sinuses.  Whew 
the  pain  is  (lee[i  swcleil,  its  lueatiou  may  eveu  lie  in  llie  dura  innter  or  tht 
Ixjnes  of  the  skull ;  since  eucU  division  of  the  ftflU  pair,  cither  before  or 
immediately  nfler  lenving  the  ciivily  uf  the  etanium,  sends  backwanl  a 
slendei*  reeiu'ienL  liraiieh,  destined  for  the  dura  mater  and  the  cranial 
Kones.  That  from  the  opIiLhalujie  divisiou  is  traced  backward  into  the 
tenloriuin,  in  the  suLisLiiuce  of  wliich  it  ramifies  as  fur  tu>  the  siuuaes 
Loi'dering  its  attached  edge. 

Ill  oftsea  of  (ootharhe,  which  de|>ends  iipon  irritation  of  the  dental 
fdanieuts  of  the  flith  ()air,  the  imusc  of  the  neuralgia  is  UHUali^'  tbc 
decay  of  the  bony  substance  of  the  tooth,  and  consequent  exposure  of 
the  tooth  |Mdp  to  extcrnat  injury  or  inflammation.  It  is  usually  c«d- 
tined  to  the  single  tooth  atfeuted  by  decay;  but  lu  severe  cases  the  pain 
miiy  nidiale  to  other  teeth  in  llie  ittimediate  neighborhood,  or  may  even 
BpiTad  over  the  entire  corrcss ponding  side  of  the  maxilla.  Neuralgia  uf 
the  teeth  may  also  be  wholh  sympathetic  in  its  origin,  as  where  it  il 
caused,  like  heathichc,  by  inrli^estion,  exposure,  or  fatigue ;  the  paio 
existing  siuuiltaiieou.sl^-  iu  several  teeth,  without  ajiy  morbid  aJleratioa 
of  tlieir  structure. 

The  most  severe  anel  persistent  form  fif  neuralgia  iu  this  nerve  is  that 
known  aa  tu-  douloureux :  in  nhieh  the  pain  is  habitually  located  in  one 
of  its  three  piinci|»!d  diviBiuns  as  tliey  emerge  upon  the  face.  Hera 
rJso  the  imin  is  not  constant,  but  intermittent,  recurring  in  gnwt 
severity  at  longer  or  shorter  intervals,  and  usuall}'  lasting  but  a  few] 
minutes  at  a  time.  It  is  more  frequently  seated  in  the  upper  or  middle 
rei^ioii  of  the  face,  correspoudiug  with  the  distribution  of  the  supra  or 


k  re;;ioii   ui    iiie   laee,  uuj  leajjijuiuug  «  liu    lue  uisiiiuuiiou  ui  lue  supru  ur 

^H       infra-orbital  nerves.  ^| 

^"  Liufjual  Branvh  uf  the  Fifth  Pair. — This  branch,  which  is  designated  ^| 

by  the  special  name  of  the  "  linyual  nerve,"  possesses  an  esjwcial  interest  ^| 
^ft       because  it  comminiicalea  to  the  mucous  membrane  of  the  tougue  both 
^m        the  property  of  tactile  sensibility  and  the  siH'cral  sense  of  taste.     The 
general   sensilulity  of  the  tongue   is  highly  developed  over  the  whole 
of  its  anterior  two-thirds,  where  it  is  supplied  by  the  lingual  nerve;  aml^f 
at  its  tip  is  more  acute  than  in  an^*  other  region  of  the  bo(Jy.     Thie  ^| 
sensibility  disappears  completely  m\  the  operated  side,  together  with 
that  of  the  external  portions  of  the  face^  when  the  fifth  nerve  has  been 
divided  in  animals  in  the  interior  of  the  cmntnm;  and  Longet  has  found 
that  alUrr  section  of  both  lingual  nerves,  the  surlaee  of  the  anterior  two- 
thirds  of  the  tongue  may  be  cauterized  with  potasainm  h^dmte  or  the 
red-hot  iron,  without  producing  any  indieatiuu  of  pain.     The  tactile^^| 
scnsilMlity  of  the  tongue  is  of  great  im|>ortance  In  man,  and  also  in  ^^ 
some  of  the  tower  animals,  as  an  aid  in  the  prncess  of  mastication,  hy 
enabling  this  organ  to  np|iveciate  the  simple  |ihysical  qnalilies  of  the 
food  introduced  into  the  mouth,  to  iierceivc  when  it  is  uniformlj-  re- 
duced   to  the   proper  consistency   for  swallowing,  and   to  detect  anj' 
remnants  left  among  folds  or  crevices  of  the  mucous  membrane.    These 
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ftinction8  arc  therefore  seriously  intcrferenl  with  by  injury  or  destruc- 
tion of  tlie  sensitive  lilameuts  sii(iplying  the  tongue. 

The  iiugu:d  nerve  is  also  cndoweil  witli  the  specinl  sensibility  of 
Instf.  This  function  is  a  dilTitnilt  one  to  investigate  upon  the  lower 
Hiiiiuals,  owing  to  the  uncertainty  of  its  exteniM]  iudicntions  and  the 
diniciill>'  of  i^^olating,  for  the  purposes  of  obsLTvutitJU,  se])ftrute  re- 
gions of  the  cavity  of  the  mouth.  Ksperiuients  uikju  m.-m,  however, 
which  are  made  with  e<»iu|mrntive  facility,  have  Wen  performcil  by 
Guyot,  Vemiere,  Duges,  and  Longet  in  such  u  manner  as  to  leave  no 
doulit  that  the  sense  of  taste  is  highly  developed  in  those  portions  of 
the  tongue  wliieli  are  Kupplied  exclusively  liy  Ihu  lijigiial  nerve.  These 
experimentis  consist  msitdy  in  ajiplying  to  ditferenit  parts  of  the  mucoas 
mendu-ane,  in  the  cavity  of  the  montli,  a  sraidl  globule  of  lint,  moistened 
with  a  solution  of  some  substance,  like  fiuinine  or  colocynlli,  possessing 
a  distinct  tasie  without  irritating  qnalitii-s.  In  this  way  it  is  ascertaiueil 
that  llie  point,  edges,  and  superior  surface  of  I  lie  tongue,  throughout 
its  anterior  twu-lhirds,  is  capable  of  perceiving  the  sensations  of  taste, 
■without  aid  from  other  pnrts  of  the  buccal  mucous  membrane.  Accord- 
ing to  the  exfieriments  of  Bernard  and  Longet  on  animals,  division  of 
the  lingual  nerve  destroys  the  faculty  of  taste  as  well  as  that  of  general 
sensibility  in  the  corresponding  parts  of  the  tongue;  and  similar  obser- 
vations are  quoti-d  by  Ileule,  alter  section  of  this  nerve  in  the  human 
subject. 

Muscular  Branchea  of  ihi>  Fifth  Pair. — Those  branches,  as  enume- 
rated above,  are  given  off  from  the  inferior  raaxillnry  division,  for  the 
most  part  a  short  distance  below  its  exit  fa;om  the  skull,  and  .ire  dis- 
tributed to  the  tenijiond,  the  masseter,  and  the  external  and  internal 
pterygoitl  muscles  ;  while  the  mylohyoid  brancJi,  which  separates  from 
the  trunk  somewhat  farthi-r  down,  flup])lies  the  muscle  of  the  same 
name  as  wi-U  as  the  anterior  belly  of  the  digastric.  All  these  nerves 
are,  therefore,  concerntMl  in  the  movements  of  mastication.  The  most 
powerful  of  the  muscles  to  which  tlu-y  nre  distributed,  namely,  the 
tempond  and  the  mnsseter,  act  by  bringing  the  tcelh  of  the  lower  jaw 
forcibly  in  contact  with  those  of  the  upper.  The  contraction  of  the  two 
pterygoid  muscles  produces  a  lateral  grinding  movement,  by  whieli  the 
trituration  of  t!ie  food  is  accomplished  ;  and  finally  those  supplit-il  by 
the  mylohyoid  branch  fiicilitjite  the  partial  separation  of  the  jaws,  to 
allow  a  rejvetitioti  of  tlie  former  motions.  In  dilTerent  species  of 
animals  these  movements  vary  in  their  relative  importance.  In  the 
carnivora,  it  is  the  closure  of  the  jaws  which  preponderates  over  the 
rest,  enabling  the  animal  to  seize  and  tear  his  prey,  by  means  of  the 
]>ointed  canine  and  sharpe<l-e<lged  molar  teeth.  In  the  hcrbivorn,  on 
the  other  hand,  the  lateral  grinding  movements  arc  more  imfKirtaut  for 
the  complete  cumniinntion  of  the  seeds,  grains,  or  other  hard  vegetable 
tissues  upon  which  they  feed.  In  man,  both  movements  coexist  in  a 
nearly  equal  degree. 

Tht!  movements  of  mastication  are  accordingly  paratjzeil  by  section 
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of  the  fifllj  pair,  and  axe  ihc  tml_j'  muscular  functions  direcll^'  interfered 
with  by  this  ojifjation-     There  18  a  tliflcrencc,  however,  ill  the  ulliinate 
consequences  wUich  f(tllovv  parnlysis  of  mastication,  according  to  the 
species  of  anitniil  atlected.     If  the  fifth  pair,  or  its  inferior  uiujciiliUf 
division,   were  destroyed    on    both    sides    in   either   a   carnivorous  orj 
hrrliivorons  onimtil,  death  would  follow  from  inanition,  owing  to  tt»ej 
im(K>s.Hiliility  of  prc'iiarin-j  the  food  for  degSulition.     If  the  injury  wt-i 
ii(tliote<l  upon  one  side  only,  it  would  be  equally  fatal  in  the  iK'rbJvora,] 
by  preventing  the  allernate  laterai  nioveiuents  of  the  jaw  ;  while  in  %] 
carnivorous  atiimul  the  vertical  movemerita,  whirh  are  more  important 
would   be  less   seriously  affected,  since  tliey  might  still  be  perfonuedj 
though  imperfectly,  by  Ijie  muscles  of  the  opposite  side. 

Jiul  tiie  moHt  peculiar  secomlary  result  of  [inralysis  of  the  muscles  of 
nuistication  on  one  side  i«  seen  in  the  rodentia.     In  these  animals  lb6, 
most  important  teeth  are  the  four  incisors,  two  in  the  upper  and  two  11 
the  lower  jaw,  wliicli  are  us<-d  for  gcnawing  throuiih  hard  substances,  and] 
which  grow  eonlinuously  from  the  tooth-pulp  below,  tlius  supplying  ihtJ 
waste  caused  !>y  wearing  away  their  edges.     The  teeth  move  againi 
each  otln'r  in  nn  exact  vertical  plane,  the  upper  and  lower  incij^ors  uOfl 
each  side  lueeling  each  other,  and  thus  liy  mutual  attrition  keeping  theifl 
chisi-llike  cdgi^s  at  a  eurrespouding  b-vi-1.     if  tl.e  fifth  nerve  bv  divided] 
in  these  animals,  the  lower  jstw  lieconies  deviated  toward  the  operated 
side  in  consequence  of  the  piiralysis  of  the  corres|»nnding  jietrygoidJ 
mtiseles.     The  edges  of  the  foui-  incisor  teeth  then  no  longer  corresjK>nd| 
with  each  other,  but  are  so  shirte<i  tliat  one  of  those  in  tlie  upiier  and] 
one  in  the  lower  jaw  do  not  meet  with  any  opposing  edge,  and  are  cor 
bequt'Utly  no  longer  worn  away.     According  to  the  experiments  of  Bel 
nard  on    rabltits,  tlie  line   id  junction   betwien   the  edges  of  the  teelhJ 
instead  of  being  horizontal,  then  becomes  oblique,  bieing  directed  from.] 
above  downward,  from   the  operated "  toward  llie  sound  Bide,  and  the ' 
same  fact  has  been    observed    hy  Flint.'     If  the  anim.al  survive  for  a 
considerable  time,  tjie  teeth  which   are   no  longer  worn  away,  o*j  they, 
continue  lo  grow  from  tlie  tooth-pulp  Itelow,  may  become  excessivelyj 
elongated.     We  have  seen   an  instance  in   the  wowJehuek  (Aretomyri 
moiuix)  of  lateral  deviation  of  the  teeth  from  a  reunited  fracture  of  thi 
lower  jaw,  in  which  tlu'  iqiper  incisor  ou  one  side  and  the  lower  on  tlisl 
•  other  had   increased  to  five  or  six  times  their  natural  length,  and  had 
probably  caused  the  death  of  the  animal  by  penetrating  the  soft 
about  the  head  anrl  interfering  with  the  movement  of  the  jaws. 

Anaxioniotic  Branrhfit  of  the  Fiffh   Pair.  —  Although   the  sepnrSl 
regions  of  the  face  are  supplied   in   a   general  way  by  the  three  great 
divisions  of  this  nerve,  there  is  yet  more  or  less  comnnuiication  betweel 
them  by  intermingled  filiimenta  from  different  sources,  and  the  s«»parat 
branches  of  each  diviision   communicate  with  considerable  frequency,! 
Thus  the  infra-orbital  nerve,  which  sends  filaments  to  the  lower  vsi 
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inosculates  hy  a  distinct  twig  with  one  of  the.  nasal  brandies  of  the  oph- 
tlmhnic  divinion.  The  Integument  of  the  nose  is  suppliecl  by  the  nasal 
brunebes  of  tlie  ophlhiilmic  division,  jind  also  by  tlmse  eominj;  frotn  tlie 
infraorbital  nerve.  Tlie  ujiper  and  bjwer  lips  are  Hupjjlied  botli  from 
the  infruorbitnl  and  mentul  nerves  on  the  outside,  and  from  the  terminal 
filaments  of  the  buccinator  nerve  on  the  inside;  and  the  temporal  region 
receives  branclies  both  from  llie  siiiioriorand  inferior  muxillary  divisions. 
A  most  important  anastomoLic  Ijranch  of  the  lillli  iKtir  is  that  which  its 
inferior  maxillary  division  Ben<)s  to  tiie  facial  nerve  (Fig.  174, /'),  and 
by  means  of  which  it  supplies  sensitive  filaments  to  the  great  motor 
nerve  of  the  face,  Asa  general  nile,  ner\es  which  are  distribute*! 
exclusively  to  niuacles  receive  at  some  part  of  their  origin  or  course 
sensitive  filaments  which  accompany  them  to  their  destination.  The 
muscular  tissue  consequently  has  a  certain  degree  of  Bcnsibilit}- ;  and  it 
is  this  sensibility,  somelinies  called  the  "muscular  sense,"  whicli  enables 
us  to  appreciate  the  existenoe  and  degree  of  contraction  in  any  particular 
muscle  or  group  of  muscles.  .Many  of  the  sensitive  filaments  8up|>lied 
to  the  facial  nerve  by  the  communicating  branch  of  the  fifth  are  un- 
doubtedly destined  to  reach  the  muscles  of  the  face  with  the  terminal 
brunches  of  this  nerve  ;  but  there  are  also  abundant  anastomoses  be- 
tween the  facial  nerve  an<l  the  fifth  near  the  final  distributions  «if  tho 
Inller  nerve.  These  anastomoses  are  quite  numerous,  between  the 
brunches  of  the  infraorbit.al  and  mental  nerves  and  those  of  the  facial; 
anil  certidn  regions  of  tlie  integument  may,  therefore,  be  supjjlidl  with 
sensibility  by  filaments  from  both  these  sources.  The  observations  of 
L'Eti^vant'  have  shown  that  it  is  impossible  to  abolish  the  sensibility 
of  any  estemled  region  of  the  face  by  section  of  either  division  of  I  lie 
flith  |)air  alone.  A  complete  amesthesia  can  otdy  be  produced  by  divi- 
sion of  the  whole  nerve  within  the  cranial  cavity.  This  destroys  at 
once  not  o;dy  the  sensibility  supplie<l  directly*  by  the  fifth  pair,  but  also 
that  communicated  to  the  facial  by  its  anastomotic  branch. 

According  t<)  Ilenle,  there  is  still  a  portion  of  tlie  side  of  the  face 
wliich  may  derive  a  certain  degree  of  sensibility^  apart  from  that  due  to 
the  fifth  pair,  from  the  great  auricular  nerve  of  the  cervical  plexus;  since 
the  anterior  branch  of  this  nerve,  after  supplying  the  under  part  of  the 
lube  of  the  ear,  sends  some  slender  filaments  anteriorly  to  the  integu- 
ment of  the  cheeks,  running  in  some  instances  us  far  forwanl  as  the 
neighborhood  of  the  malar  bone. 

Influence  of  Ike  Fiffh  Patron  the  Special  Sfnsefi. — The  results  of 
exporiraent  show  thfit  this  nerve  has  an  important  influence  upon  the 
six>cial  senses, since  they  are  always  more  or  less  interfered  with,  and  in 
some  instances  practically  destroyed,  by  its  division  or  injury.  This 
influence,  however,  is  maitdy  not  a  direct  but  an  intlirect  one  ;  and  shows 
itself  by  a  disturbamc  «»f  nutrition  in  the  tissues  of  the  organ.  For  the 
perfect  action  of  any  of  tho  s[)ecial  senses,  two  different  conditions  are 
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requisite:  first  the  peculiar  scnfiibility  of  its  own  8])ccial  nerve,  wtil 
Kt'foiiilly  Uki  intfgnty  «»f  t\w  coniijoiieiit  parts  ol'  tb«?  orgun  itself.  A» 
tlie  Dutritiou  of  tlie  organ  is  ntlectccl  by  injur)'  ur  disease  of  the  fltth 
pair,  this  necessarily  causes  a  flemnfjL'Uient  in  its  physiologicml  action 
and  thus  interferes  with  tlic  exercise  of  the  B()eeial  sense  belonging  to  iU 
These  effects  seein  to  clejiehil,  nrit  so  inueh  upon  the  division  of  the  on1i» 
nary  sensitive  filnes  of  the  lifth  nerve,  as  of  t!i<»se  which  are  rierived 
from  the  nei*Te  cells  of  the  Gasserian  gatigHon,  or  which  are  supplied 
by  the  fifth  pair  to  the  8[>ecial  sympathetic  ganglia  connected  with  Ibei 
orgjins  of  sense. 

Infittence  on  the  Sense  of  Smell. — The  nasal  passages  are  supplied 
by  two  <liffercnt  nerves  doi-ive^  from  the  cerebro-spinal  system,  namely, 
the  olfactory  nerve  distributed  to  their  upper  portions,  and  en<lowed 
with  its  own  special  sensibility;  and  tlie  nasal  lirotiches  of  the  fifth  pair, 
distribiitefl  in  the  lower  portions,  to  whicli  they  comininiicHte  the  gen^ 
ra!  sensibility  of  the  mucous  membrane.  The  mucous  membrane  also 
eontaina  lllamenls  from  the  spheno-palatine  ganglion  of  the  sympathetic;: 
and  this  ganglion  receives  its  sensitive  rout  from  the  superior  tnaxillaiy 
division  of  the  fifth  pair. 

The  general  sensibility  of  the  nasal  passages  may  accordingly  remain 
after  the  9|)ecial  sense  of  smell  has  been  destroyefl.  If  the  llfth  pair, 
however,  be  divided,  not  only  is  general  sensibility  de8tro3'ed  in  tho 
J^elineiilerian  mend>rane,  hut  a  disturbance  also  takes  pKice  in  its  nutri- 
tion, by  which  the  ]iuwer  of  smell  is  also  lost.  The  mucous  membrane 
becomes  swollen,  and  the  nasal  passage  is  obstructed  by  an  accamala>t; 
tion  (rf  mueua.  According  to  Longet,  the  metnbrnne  also  assumes  ft 
fungous  consistency,  and  is  liable  to  bleed  at  tlic  slightest  touch.  The 
elfeet  of  this  alteration  is  to  blunt  or  destroy  the  sense  of  smelL  It  is 
owing  to  a  similar  condition  of  the  raucous  membrane  that  the  power 
of  smell  is  imjjaired  in  cases  of  influenza.  The  olfactory  nerves  Fxx>oma 
inactive  in  consequence  of  the  alteration  in  their  mucous  membrane  and 
its  secretions, 

Injiuence  on  the  Sense  of  Sight. — The  anterior  parts  of  the  eyeball 
are  also  sup])lied  with  nerves  of  ordinary  sensibility  from  the  fifth  pair, 
while  the  special  impressions  of  liiiht  are  transniitted  exclusively  by  the 
optic  nerve.  In  addition,  the  iris  and  conici  nre  supplied  by  filaments 
coming  from  the  ophthalmic  ganglion  of  the  sympathetic,  which  re- 
ceives its  sensitive  root  from  the  fifth  pair.  If  this  nerve  be  divide«l 
withm  the  cranium,  by  a  section  passing  in  front  of  or  through  the  nas- 
serian  ganglion,  a  change  of  nutrition  often  follows  in  the  cornea,  by 
which  its  tisane  becomes  the  seat  of  vascular  congestion  and  ulceration, 
and  which  frequently  goes  on  to  complete  and  permanent  destruction 
of  the  eye.  These  changes  may  be  olvserved  in  the  cat,  after  intra* 
cranial  section  of  the  fifth  nerve  by  the  usual  method.  Immediately 
after  the  o}>eration  the  pupil  is  contracted  and  the  conjunctiva  loses  it* 
sensihiltty.  At  the  end  of  twent\'-four  hours  the  cornea  begins  to  be- 
come opaline,  and  by  the  second  day  the  conjunctiva  is  visibly  congested^ 
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and  discharges  a  purtilent  secretion.  This  process,  after  commencing 
in  the  conit'U,  increasea  in  intensity  and  spreads  to  the  iris,  wrhich  be- 
comes covered  with  an  indtiiuniHtory  exmhitioiu  The  cornea  grows 
more  opaque,  wiitil  it  is  at  hist  altogether  ii»|)ermeable  to  light,  and 
vision  is  eunaequentlj'  8U«pendeti.  Sometimes  the  diseaaetl  action  goes 
on  until  it  restifts  in  sloughing  and  perlbration  of  the  cornea  and  dis- 
charge of  the  humors  of  the  eye ;  sometimes,  after  a  few  days,  the 
inflammatory  appearances  iiubi^ide^  and  the  eye  is  flually  restored  to  its 
natural  eondition- 

According  to  the  observations  of  Bernard,  although  these  conse- 
quences usually  follow  division  of  the  fifth  nerve  when  r>errorme(l  at  the 
situation  of  the  Uasseri:ni  ganglion,  or  Iwtween  it  and  the  eyeball,  the}' 
are  either  retailed  in  their  Jippeurance  or  altogether  wanting  when  the 
section  is  made  posteriorly  to  the  ganglion,  between  it  and  the  base  of 
the  brain.  This  indicates  that  the  intluence  exerted  by  this  nerve  upon 
the  nutrition  of  the  eyeball  <loe9  not  reside  in  its  own  proper  fibres,  but 
in  additional  tilaiiientH  tlvrivwl  from  the  Gasserian  ganglitin. 

/tijluence  on  (he  Stn^e  of  Tattle. — The  lingual  branch  of  the  fifth 
pair  communicates  to  the  anterior  portion  of  the  tongue  at  the  same 
time  its  acute  general  scusibiltty  and  its  sensibility  of  taste;  both  of 
which  are,  of  cmirse,  abolished  by  its  division.  Whether  both  kinds  of 
sensibility  reside  in  the  same  or  in  diflerent  fibres  cannot  yet  be  deter- 
mined;  but  cases  which  have  been  observed  in  raan^  of  impairment  of 
the  sense  of  taste,  while  tactile  flensthility  remains  entire,  make  it  pos- 
sible that  there  may  be  two  distinct  sets  of  fibres  in  the  lingual  nerve, 
one  devoted  to  general  sensibility,  the  other  to  that  of  taste.  How- 
ever that  n»ay  be,  it  is  evident  that  the  exercise  of  the  sense  of  taste  is 
facilitated  by  the  presence  of  general  sensibilitj'  in  the  mucous  mem- 
bnme  of  the  tongue,  and  is  intliience<I  hy  the  state  of  the  local  circula- 
tion antl  the  buccal  secretions.  In  a  tongue  which  is  dry  or  coated,  as 
ixi  the  febrile  condition,  taste  is  practically  abolished ;  as  much  so  as 
the  sense  of  sight  from  opacity  of  the  cornea.  The  sense  of  taste, 
accordingly,  depends  for  its  exercise,  not  only  upon  the  s])ecial  sensi- 
bility of  the  lingual  nerve,  but  also  uj>on  all  the  physiological  conditions 
requisite  for  the  integrity  of  the  mucous  membrane. 

Injluence  upon  ihe.  Sense  of  Hearing. — The  influence  of  the  fifth  pair 
«t>on  ihe  sense  of  hearing  is  less  certainly  known  than  that  exerted 
upon  the  other  8{)eci.'vl  fecnsos,  and  is  only  to  l)e  surmised  from  the  simi- 
larity of  its  analoraieal  relations.  This  nerve  provides  for  the  general 
sensibility  of  the  external  ear'by  twigs  from  its  auriculo-tenij>oral  branch, 
which  8upi)ly  the  skin  of  the  anterior  bonier  of  the  concha  and  that  of 
the  anterior  wad  of  the  external  auditory  meatus.  Its  relation  with  the 
deeper  parts  of  tJie  organ  is  established  by  means  of  the  otic  ganglion 
of  the  sympathetic,  which  receives  a  few  short  fibres  from  the  inferior 
maxillary  division  of  the  fifth  pair,  and  which  sends  a  filament  back- 
ward to  join  the  lynijianic  jilexus  on  the  inner  surface  of  the  membrane 
of  the  tympanum.  This  plexus  is  also  supplied  with  filaments  from 
35 
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the  ^Tiglion  situated  tipon  the  trunk  of  the  gloeso-phnryngeal  ner»*: 
and  is  consequfntty  mude  up  of  iiiterlncing  tlbres  derive*!  fnuu  both 
these  sources.  Its  peripheral  Bensitive  fibres  terminate  in  the  ronootM 
memhrane  lining  the  cavity  uf  tlie  middle  ear.  The  secretions,  both  o( 
this  cavity  and  of  the  external  auditory  meatus,  are  important  for  tli« 
preservation  of  the  integrity  of  the  parts  and  for  the  mec^hanisni  of 
audition;  and  they  are  untloubttHlly  in  great  measure  under  tlie  control 
of  the  nervous  supply,  of  which  u  considerable  portion  b  derived  fhua 
the  fifth  pair. 

Sixth  Pair     The  Abdnoeiu. 
The  nbilHcens  nerve,  so  called  because  it  is  distributed  only  to ' 
single  muscle  whieh  causes  the  movt-njent  of  abduction  of  the  eyeliall 
originates  mainly  from  a  collection  of  gray  matter  ou  the  floor  of 
fourth  ventricle,  near  its  widest  part  and  at  a  point  oorrespomling  withl 
the  posterior  section  of  the  pons  Varolii.     It  is  situated  next  ihe  mediu 


TKASBTSmSK     SErTtOH     OF     THa     FLOOR    OP    THK     ForRTH    VKHTRITLB    of    lb« 

Huniao  Brsla,  ihowlog  the  nuHcua  nnd  rriolgpf  the  iibducens  nnO  ficUl  nfrvra.  — Kf,  No. 
nlFUi  ofgr/iy  RintlFr.  VI',  Fibre*  of  the  nbcjucrog  nerve  (flth  pRir).  VII,  Flhreit  nf  the  factiU 
nerre  (7fh  p«ir).  VIl",  Bundle  of  longiTudlnil  flbret,  conncctfd  with  the  root  of  th«?  fnelal 
nen'c.  R,  R<iptie,  At  Ihe  nmllin  lltip.  ahowlni;  Irnuiverie  or  dccuaiiitliig  fibre*  frum  tli» 
(neUI  Dvrre  rooti.    M«gi)ined  S6  itUmetrrs.    (Henle.) 

line,  and  is  indicated  on  each  side  by  n  longitudinal  pmminence,  known 
M  the  "  fttsticuluH  teres."  This  collection  of  gray  nialtcr  is  the  common 
nucleue  of  fhe  abducena  and  facial  nerveg ;  since  the  fibres  of  both  tbeM 
nerves  are  trace<i  to  a  connection  with  it,  although  running  in  some- 
what ditferent  directions.  The  Hbrcs  of  tlio  abducens,  as  shown  by  Pean, 
Meynert,  and  Hcide,  originate  from  the  inner  border  of  the  nucleus 
without  showing  any  »|>parent  decussation  with  those  of  the  opposite 
aide.  They  then  pass  almost  directly  downward  and  forward,  in  a  rerli- 
t^al  longitudinal  plane,  through  the  snbstjince  of  the  luber  annulare,  to 
their  point  of  emergence  at  the  base  of  the  brain,  at  the  posterior  edge 
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of  the  pons  Yarolii.  From  this  point,  the  nerve,  which  is  aliout  two  mil- 
limetres ia  thickness,  runs  nearly  straight  forward,  beneath  the  under 
surface  of  the  pons,  passes,  in  company  with  the  oculoraotorius  and 
pathetieus,  along  the  wall  of  the  cavernous  sinus  ami  tiirough  the 
«phenoidal  fissure,  into  the  eavity  of  the  orbit,  whore  it  terminates  in 
the  external  straight  muscle  of  the  eyeball. 

Physiohfjital  J'roperiifH  of  the  Abduvens. — The  physiological  pro- 
perties of  this  nerve  have  been  examineil,  in  the  exiH-riuKnts  of  Longet 
on  rabbits,  and  in  those  of  Chauveau  on  labliits  and  horses,  by  irritating 
its  trunk  within  the  cranium  luid  at  ils  point  of  emergence  from  the 
{M>ns  Vanjlii.  The  abducens  is  thusi  shown  to  l»e,  at  tls  origin  ami  for 
some  distance  beyond,  exclusively  n  motor  nerve;  wince  its  galvanization 
produces  at  once  continued  contraction  in  the  external  straight  muscle 
of  the  eyebaU,  and  mechanical  or  other  irritation  applied  to  its  fibres 
causes  no  indication  of  suffering.  In  the  exix'riments  ol"  Longet,  wliich 
were  performed  upon  the  living  aninitd,  tlte  difference  in  this  respect 
between  the  abducens  nerve  ami  the  trigeminus  was  very  marked;  irrita- 
tion  of  the  Irigemituis  always  giving  rise  to  signs  of  acute  sensibility, 
while  th^it  of  the  abducens  bad  no  other  effect  than  local  muscular  con- 
traction. 

Division  of  this  nerve  causes  internal  strabjsinns  from  paral^-sia  of 
the  external  straight  muscle,  and  loss  of  the  lateral  motion  of  the  eye- 
ball in  a  horizontal  plane;  although  its  vertical  movements  are  still 
preserved,  owing  to  the  continiieil  activity  of  the  (X-ulonvotorius  nerve. 
Cases  of  internal  atrahismus,  in  man,  are  recorded,  with  the  accompa' 
n^'ing  symptoms  mentioned  above,  which  were  apparently  due  to  com' 
prcssion  of  the  abducens  nerve  by  morbid  growths  within  the  craniai 
cavity. 

Seventh  Pair.    Tlie  Facial 

With  regard  to  the  innervation  of  the  external  parts  of  the  face,  this 
nerve  holds  an  equal  rank  with  the  tlfth  pair,  and  may  be  regarded  as 
complementary  to  it  in  physiological  endowments.  As  the  fiftli  pair  is 
the  nerve  of  sensation  for  the  integument  of  this  region,  the  facial  is  the 
jmotor  nerve  for  its  superficial  musoles.  It  is  the  nerve  of  facial  expres- 
sion, by  which  tlio  features  are  aniniate<l  in  their  varying  movements, 
corresponding  with  the  different  [thafiea  of  mental  or  emotional  activity. 
Although  at  its  origin  an  exclusively  motor  nerve,  it  receives,  soon  after 
its  emergence  from  the  cranium,  a  communicating  branch  from  the  fifth 
pair,  whicli  gives  to  it,  and  to  the  muscles  in  which  it  terminates,  a  cer- 
tain share  of  sensibility. 

The  facial  nerve  has  its  principal  source  in  a  collection  of  gray  mntter, 
which  has  already  been  described  as  also  giving  origin  lo  the  fibres  of 
the  ab<lncens  (Fig.  1T5).  This  nucleus  extends  for  a  short  distance 
Jongitudinnlly  along  tlie  floor  of  tiie  fourth  ventricle  near  the  median  line, 
od  a  layer  about  1.5  millimetre  iu  thickness,  and  containing,  according 
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to  Denii,'  stellate,  oval,  or  fusiform  nerve  cellj,  amoTig  which  the  ncm' 
fibres  penetriite.  I'he  nucleus  eoustitutes,  al  this  situation,  the  gray 
matter  of  the  "fasciculus  teres,"  The  fibres  of  the  alxlucens  and  faci»i 
nerves  are  given  ott'  i'roni  its  internal  and  external  l>orders  respectively, 
those  of  the  abduceus  passing  directly  downward  through  the  tubtr 
annulare,  near  the  mcliun  [ilane,  those  of  the  facial  first  passing  oui- 
ward  and  then  bending  dowiiwanl,  to  reach  their  {loiut  of  cmergeuce  hi 
the  posterior  edge  of  the  lateral  portion  of  the  i)on!9  Varolii. 

Aeeordini^  to  Dean,  Meynert,  and  lleide,  a  considerable  portion  of  the 
root  fibres  of  the  farial  nerve  coinnuinieate,  either  directly  or  througli 
the  nucleus,  across  the  median  line,  with  the  opposite  eidu  of  the  hnuo. 

After  emergini;  from  tlie  |)osterior  edge  of  tlie  pons  Varolii,  the  facijil 
nerve,  in  company  with  tlie  auditory,  passes  into  nn<l  Ihroogh  the  in- 
ternal auditory  meatus.  It  then  enters,  by  itself,  the  aqueduct  of  Fah 
lopius,  fliid,  following  tlie  course  of  this  canal  through  the  petroiw 
porliou  of  Ihu  tcmpond  bone.  ci>m('s  out  at  the  stylomastoid  foraiueo 
and  turns  forwanl  u|>on  the  side  of  the  face.  It  spreads  out  lietwinii 
the  lol>uk«  f>f  the  parotid  gland  into  a  number  of  branches.,  whirh  by 
their  luutunl  interlacement  form  the  well-known  *'  parotid  plexus,"  or 
*'  pes  anst-rinns,*'  of  this  nerve.  Its  branches  then  diverge  upward,  for- 
ward, and  downward,  to  he  flistribulcd  to  the  superficial  muscles  of  »l»r 
facial  region.  It  also  supplies,  liy  branches  given  otT  imraediatoly  aft«r 
its  emergence  from  the  siylomastoid  foramen,  the  muscles  of  the  exter- 
nal car,  as  well  as  the  stylohyoid  and  the  jjosterior  belly  of  the  digastric; 
and  by  a  twig  whicli  desceiidH  ludow  the  jaw  to  the  snbraaxillarv  regioc 
it  supplies  filaments  to  the  iipjx'r  |inrt  of  thi*  platysraa  myoides  niuscU 
and  commtuticates  with  an  ascending  branch  of  the  superficial  ccrvic 
nerve  from  the  cervicid  plexus. 

Phi/siotogiciil  Properties  of  the  Facial  Nerve. — The  facial  is  »ho^ 
by  tlie  result   of  abundant  correspon<h'ng  investigations,  to  bo,  at  it 
origin  and   in  its  main  physiological  characters,  an  exclusively  mt 
nerve.     Not  only  is  the  tactile  sensibility  of  the  facial  region  imme- 
dialelj'  destroyed  by  the  section    of  the    fifth    pair  within  tile    sknl 
lli(nigli    the   facial   itself   reuiain   uninjured,  but,  according  to  the  eJ 
periraents  of  Magen<lie  and  IJemanl,  the  trunk  of  this  nerve,  when  it 
tated  at  its  source  in  the  living  animal,  after  opening  the  cranial  cavity' 
shows    no  sign  of  sensibility,  although   that  of  the  sensitive   crnuial 
nerves  is  at  the   satni';  lime   jjerfectly  manifest.      On   the  other   hand, 
Chaveau  has  fonnd  that  in  the  recently  killed  animal,  galvanization  of, 
the  intracrania]  portion  of  the  facial  nerve  causes  at  once  coutractic 
of  the  muscles  of  the  face  and  of  the  external  ear.     This  nerve  is  aooont'' 
ingly,  at  its  source,  insensible  ami  excitable. 

Furthermore,  the  most  decisive  results  are  obtained  from  division  of 
the  facial  nerve  at  various  parts  of  its  course.     This  may  be  done,  ii 

^  Gray  SubHtuucc  of  the  Medalla  Oblongata  and  Trapcziam.  Waabiagtoo, 
1864,  pp.  58.  61. 
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lost  qoatlrapeds,  at  tho  point  of  exit  of  tbe  nerve  from  the  stylomaa- 
>id  foramen,  or,  as  practieecl  by  Bernard,  during  its  passage  througli 
le   aqtiediiet  of  Fallopiue,  hy  means  of  a  ciittinu;  instrument  intro- 
duced  into  tbu  cavity  of  tlie  tynapanuin,  thus  reauLiug  the  ucrve  tiirough 

Fig.  176. 


AORAK  or  TBie  Fatial  N«»t«  ako  it«  Dibtbt  bttiow.  — 1.  F«cl*I  nerrc  »t 
i  'ntncc  loro  lh«  Inlprnal  auditory  mriitui.  2.  Its  exit,  itt  tlic  BtylomikBtoid  for«moa. 
li'mi'ttTftl  (inrt  posterior  nurioulnr  bmnolies,  UlstrlbuteO  to  the  muscli's  of  the  exteriml 

'  ADii  to  the  occljiitnltB.  6.  Urnnehei  to  the  frontalli  inuicle.  <t.  Brnaohei  to  the  itylohyulil 
|ll  ingHRtrio  muRclrn.     T.  Branchea  to  the  upiier  pArt  of  tlie  plntymnA  myoltlei.    8.  lirAUch 

:!(iuttiiUDlentli>D  with  tlje  Buvierflclal  cervical  nerve  of  the  cervical  jilexua. 

upper  wall.     The  effect  of  thia  section  is  to  paralyze  at  once  M  the 
l]KTficial  muscles  (»t'  the  fat-e  on  the  t:orres|ionding  side.     Tlie  virtilile 
Fects  vary  in  the  different  faciiU  regions,  according  to  tiie  function  of 
the  muscles  wbicli  liave  lost  ihcir  power  of  motion. 

Effect  upon  the  Eyt^. — The  orUiculariw  oculi  lieing  paralyzed,  the  eye 
upon  the  affected  side  cannot  lie  closed,  but  remains  permanently  open; 
even,  according  to  the  ohscrvation  of  Bernard,  while  the  animal  is 
asleep.  This  depends  upon  the  fact  that  the  two  muscles  serving  to 
open  and  close  the  eyelirls  are  animated  by  two  different  ner\'es ;  the 
levator  pnlpelirie  superioris,  which  liflM  the  upper  eyeliil,  being  supplied 
by  the  oculomotorius,  while  the  orbicularis  ouuli  ruoeives  its  nervoua 
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Qlaments  from  tbc  facial.  After  paralj'sis  of  tliis  nerve,  there) 
cuDi[)lete  clt»8iirp  of  llic  lids  becomes  impoasibii',  ultliougli  tbe  niovi*- 
ments  of  the  eyeball  are  uiiiiffected,  aud  the  pupil  is  capable  of  dilata- 
tion anil  eontractiuii  as  befort'. 

At  lUu  H:ime  time  the  niution  of  winking  is  suspeutled  Upon  tl 
aflecled  side.  This  movement  in  uu  involuntary  reflex  actioir,  exciUMl 
by  tlie  coutnct  of  air  with  tJie  surface  of  the  cornea,  and  the  acciimulti*; 
tioii  of  the  tears  alorig  the  edge  of  the  lower  eyelid.  At  abort  intervalit 
this  produces  an  instantaneous  contraction  of  the  orbicularis,  by  «hii-ii 
tiic  odge«  of  the  eyelids  are  brought  together,  and  again  innne<iiateljr 
separated  j  thus  spreading  the  moisture  of  the  lachrymal  secretion  uni 
fornily  over  the  cornea  and  ])roteeling  its  surface  from  drynesa  or  irri- 
tatiriii.  After  acetion  of  the  facial  nerve,  this  movement  ceaj»es,  anil 
on  tlinisting  a  solid  body  suddenly  toward  the  face  of  the  animal  >t  can 
be  seen  that  the  eye  on  the  sound  side  instinctively  closes,  while  tlifl 
other  remains  open.  Even  touching  the  conjunctiva  or  the  comeft  on 
the  operated  side  fails  to  cause  contraction  <>(  tlie  eyelids,  although  t 
animal  shnnkn  amt  tlie  cyi-ball  tnrtis  Jii  the  orbit;  showing  that  I 
motor  power  of  the  orbicularis  alone  has  been  affected  while  seusibilit)' 
remains. 

Two  precisely  opposite  effects,  accordingly,  are  produced  upon  thi 
nvnenienta  of  the  eye,  by  section  of  tlic  IJllh  nerve,  or  its  ophtbalinii 
branch,  and  by  that  of  tlie  facial.     After  division  of  the  fifth  nerv 
touching  the  cornea  fails  to  produce  closure  of  the  e^'elids  l>ecau3e  tli 
Rensibility  of  its  surface  has  been  destroyed,  thoufrh  the  power  of  inoti 
remains.     When  the  facial  his  been  divided,  it  is  the  muscidar  act! 
whicli  is  paralyzed,  the  sensibility  of  the  parts  remaining  entire. 

Effi'ct  on  the  Nosttrils. — In  some  animals,  as  in  man,  the  nostrils  arf 
more  or  leas  rigid  aud  nearly  inactive  in  the  ordinary  condition.  They 
expand,  however,  with  considerable  vigor  when  tlie  movements  of 
respiration  are  increased  in  frequency,  or  when  the  nir  ia  forcibly  in. 
spired  to  assist  in  the  sense  of  smell.  In  many  species,  furthermore. 
as  in  most  graminivorous  qnadrupeds,  and  cs[W'cially  in  the  horse,  tlit'V 
alternately  expand  auil  colla|)-*e  iu  a  regular  and  uniform  manner,  will; 
each  inspiration  and  ex|Hr;ition;  executing  in  this  way  &  series  of 
respiratory  movements  synchronouH  with  those  of  the  chest  and  abdo- 
men. Even  in  man  the  expansion  of  the  nostrils,  at  the  time  of  in- 
spiralion,  ix'fomos  very  marked  wlienever  the  lirenlhing  is  hurried  or 
laboiii.nis,  owing  to  increased  muscular  exertion  or  to  any  accidental 
obstruction  of  the  air-passagea. 

All  these  mnvements  are  suspended  by  section  of  the  facial  nerve. 
The  muscle-5  by  which  they  arc  iierlormed  being  paralyzed,  the  nostril 
on  the  affected  side  becomes  flaccid,  ami,  instead  of  opening  for  thr 
adiuission  of  air  into  the  nares,  it  collapses  and  forms  more  or  less  of 
an  obstruction  to  Its  entrance.  As  the  partial  dyspncea  thus  induced 
tends  to  accelerate  the  breathing,  the  [mralyzed  nostril  is  still  further 
compressed  by  the  air  in  the  movement  of  inspiration ;  while  at  the 
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rime  of  expiration,  on  the  other  hainl,  it  is  forced  outward  by  the  exit 
of  the  ttir.  The  nutnrid  movemcjiita  of  ti»e  nostril  in  rt'Bpirwtion,  aie 
ihtTcforc  reversed  Uy  ]>aralysis  of  the  facinl  nrfve.  In  tbe  ni,rmnl  con- 
dition thfy  exhibit  an  active  exiiaiisioiv  in  iiispirntion,  und  a  partial 
collapse  in  expiration.  After  section  nl  the  nerve  the  nostril  collapsca 
in  innptration,  and  pailialiy  open»  m  expirtition ;  moving  puhsively 
inwaj^l  and  outward,  like  an  inert  valve,  with  the  changing  direution  of 
the  current  of  the  air. 

Effect  on  (he  Lips. — In  the  lower  animals  generally,  hul  eapecinlly 
Sn  the  horbivora,  the  moveiiieuta  of  the  lips  nrc  mainly  serviceable  iu 
the  prehension  of  the  food  ;  and  if  these  muvements  lie  [laridyzed  on 
the  two  sides  at  once,  by  section  of  both  the  facial  nerves,  the  conso- 
i|uent  iucapaeit}'  to  introduce  fcKxl  into  the  mouth  may  be  sutJjeieiitly 
serious  to  cnnsy  death  by  inanition.  In  ihc  earnivora  the  motions  of 
retraction  and  elevation  of  the  lips,  by  which  the  canine  teeth  are  un- 
covered, have  al.-io  a  marked  effect  on  the  expression  of  the  face.  In 
most  of  these  animals,  after  division  of  the  facial  nerve,  the  ehange  in 
tlie  appearance  of  the  corres|)onilin<j  side,  even  in  the  quiescent  condi^ 
tion,  is  distinctly  |K'rceptible.  The  lips  are  flaccid  and  motionless,  and 
the  corner  of  the  mouth  hangs  down  and  cannot  be  completely  closed, 
owinfj  to  the  ])araly3i8  of  tlie  orbicularis  oris  mitscle. 

'L'ffett  tin  (he  Earn In  most  of  the  <iuadrupcds  the  action  of  the 

external  eara  is  much  more  imporiant  than  in  man,  owing  to  their 
superior  mobility  and  the  greater  development  of  the  corn'spomh'ng 
muscles.  In  nil,  the  varying  position  of  llief^e  organs  is  of  great  inllu- 
ence  in  modify  iug  the  expression  ;  and  their  n«|(id  and  extensive  move- 
ments are  also  serviceable  as  an  essential  aid  to  the  sense  of  hearing. 
When  the  facial  nerve  has  been  divide<l,  tlie  ear  on  the  corres|x>nding 
side  becomes  Baecid  and  molionlesa;  and  in  species  where  the  organ  is 
long  and  narrow,  as  in  the  hare  and  rabbit,  it  can  no  longer  be  main- 
tained in  tlie  erect  position. 

All  the  Boperflcinl  museles  aceonlingly  of  the  hea<1  and  face,  which 
are  supplied  by  lilaments  from  this  nerve,  are  paralyzed  by  its  section; 
while  the  sensibility  of  the  skin,  in  the  corresponding  parts,  is  pre- 
served entire. 

Facial  ParalyHi»  in  Man. — Facial  parah  si8,  from  disease  involving 
the  nerve  itself,  its  sources  of  origin  in  tlic  brain,  or  the  walls  of  its  bony 
canal  in  tlic  cranium,  is  not  an  uncommon  affection  in  the  human  sub- 
ject. It  is  usually  confined  to  one  side,  being  limited  by  the  median 
Hue,  and  produces  nccordingl}'  a  marked  dirtbrrnce  in  (he  appearance 
of  the  two  sides  of  the  face.  In  particular  ca.ses,  where  the  cause  of 
the  ditflcnity  is  Irfcated  in  the  bninchos  of  the  nerve,  certain  portions 
of  the  muscular  apparatus  may  l>e  affected  to  the  exclusion  of  others: 
and  the  muscles  about  the  ll|)a  m.iy  ho  paralyzed  without  any  percepti- 
ble loss  of  moliim  in  th.*  parts  above.  Or  the  nffcction  may  Iw  flilly 
develojwd  in  one  region  of  the  face,  and  only  partial  in  the  remainder 
liut  when  the  disease  ia  seated  upon  the  trunk  of  the  nerve  within  the 
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aqaeduct  of  Fnllopius,  or  involves  the  whole  of  its  central  origlTi.  it 
consequences  extend  uniformly  over  one  side  of  the  face,  fonuiug  acotn 
plete  unilateral  facial  paralysis. 

The  external  signs  of  paralysis  of  the  facial  nerve  from  disease  it 
man  arc,  in  ^t-neral,  tlte  s:inie  with  those  which  follow  experimental^ 
division  of  this  nerve  in  animals.  The  main  peculiHrity  ilepeuds  opti« 
the  greater  development  of  the  facial  nJU^cles  in  man  ns  the  organs  of 
expression.  The  most  marked  effect,  tiierefore,  of  this  diseasf  in  the 
human  subject  is  a  loss  of  expression  on  the  paralyzed  side  of  the  lac^j 

Fig.  177. 


Facial  Paralysis  of  the  right  ilde. 


All  the  features  have  .a  collapsed  and  flaccid  appearance.     The  eyelid 
remain  motionless,  and  the  eye  is  constantly  o|>en,  not  only  on  nccouol 
of  the  impossibility  of  briuging  down  the  «i>|)er  eyelid,  but  also  because 
the  lower  lid  Ssiiiks  <lown  more  or  less  lidow  the  k-vel   of  the  comfu: 
thus  jjiving  to  the  eye  a  starinjj.  vacant  appearance.    The  act  of  winkinj 
is  no  longer  performed  upon  the  aireeted  side.     Owing  to  the  paralyse 
condition  of  the  frontalis  and  smRTciliiiry  muscles,  all  the  characterisu 
lines  and  wrinkles  on  this  side  ilisappear,  and  the  forehead  and  eyebrow 
become   smooth  and  expressionless.     The  same   thing   is  true  of  th« 
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check,  winch,  ns  well  as  the  nostril,  is  flattened  ami  collapsed.  Thu 
corner  ol'  the  mouth  hangs  downward,  niid  the  lips  cnntiot  be  kei»t  in 
contact  with  euch  other  at  tiiis  point,  sometimea  allowinjj  the  saliva  to 
osc-t[>e  by  drofis  fiom  tlit-  cavity  of  the  mouth. 

Ik'sidu  these  Hymjitoms  there  is  also,  in  man,  a  dfmatiott  of  (he  mouth 
tuwarda  (he  mound  xtdc,  owing  to  the  facial  must-les  ou  that  aide  being 
QO  longer  antagonized  by  those  op|)Osite.  In  many  inntance.H  this  de- 
viation is  not  olisorvabie  dining  a  state  of  (luiesci-nee.  sincu  both  sets 
of  muscles  are  then  eqiuilly  rehtxed  j  and  it  iK-eomea  evi<leut  only  wlieu 
the  [>atient  begins  to  move  the  mu8cles  of  the  sound  Hide,  as  in  speaking 
or  laughing,  or  when  the  emotions  are  excite<l»  But  in  some  cases,  wheie 
the  face  has  naturally  an  alnuidance  of  expression,  the  distortion  of  the 
features,  anrj  the  consequent  diflerence  between  the  two  sides  of  the 
face,  are  distinctly  shown  even  in  the  quiescent  condition,  iiml  become 
still  more  marked  when  the  patient  is  excited  or  engages  in  cottversa- 
lion, 

Anotlicr  secondary  effect  of  facial  paralysis  in  man  is  difficulty  in 
drinking  and  in  mngtication.  The  first  is  due  to  ttie  iraiwssibility  of 
contracting  the  orbicularis  oris  on  the  atTected  siile ;  so  timt  the  lips  at 
this  corner  of  the  mouth  cannot  be  kept  firmly  in  contact  with  the  sides 
of  the  goblet.  The  eonsef|uence  is  that  a  [)ort(on  of  the  thiid  escapes 
and  runs  over  the  lower  i^art  of  tiie  face,  unlesa  tlie  patient  take  the 
precaution  to  ai<l  the  paralyzed  part  by  pressure  with  his  Angers.  The 
^illiculty  in  mastication  is  not  owing  to  any  ]jaralysis  of  the  museles 
moving  the  h)wer  jaw.  These  muscles  are  animate<l  by  the  inferior 
maxillarj'  division  of  the  fiflii  jmir,  and  are  unatfected  in  disease  of  the 
facial  nerve.  It  results  from  the  paralysis  of  the  bnccinutor  muscle, 
and  the  relaxed  condition  of  the  side  of  the  cheek.  In  consequence  of 
this,  the  food  in  mnsticatiim  badges  partially  in  the  space  betwei-n  the 
outside  of  the  gum  and  the  inside  of  the  cheek;  and  the  patient  is  often 
obliged  to  remove  it  by  niechanical  means  in  order  to  complete  its 
mastication.     ' 

The  loss  of  power  in  the  ni  bieidaris  oris  also  produces  an  imperfect 
artirulafion.  The  li[)s  ctiniiot  Ito  Immght  together  with  snllicient  j^re- 
cision,  and  consequently  the  labials,  such  as  B  and  F,  are  imperfectly 
pronounced.  If  the  paralysis  be  bilateral,  existing  on  Ijoth  sides  of  the 
face  at  a  time,  cases  of  which  have  been  sometimes  observed,  the  features 
are  no  longer  deviated  from  tlieir  symmetrical  position,  but  the  diffi- 
cult)' of  articulation  Incomes  much  increased,  extending  not  only  to 
the  labials  proper,  but  also  to  such  of  the  vowels,  as  O  and  U,  which 
require  a  certain  contraction  of  the  orbicularis  oris.  This  alfeelion  is 
distinguished  from  that  known  as  "glosso-labio-laryngeal  paralysis.*' 'in 
which  articulation  is  also  impaired.  In  the  latter  disease,  which  is  of 
central  origin,  the  paralysis  affects  the  muscles  of  the  tongue  and  larj-nx 
as  well  as  those  of  the  lips;  in  facial  paralysis  it  is  confined  to  those 
which  receive  their  filam<'nt8  from  the  facial  nerve.  Facial  paralysis 
may  therefore  exist  without  danjjer  to  lilc. 


^SKVES. 

CroRsed  Ac/ion  o/  the  Facial  Nerve. — Tlie  results  of  minute  exurim* 
tioji  of  the  iiiodle  of  origiit  of  Huh  iicrvc  give  iiuUoatiuus  of  a  iruucvwm 
comtiitinication  by  decussuliug  nerve  iibres,  Ix-lwecu  its  nucleiia  at  Hit 
Uoor  of  the  fourth  ventricle  and  tlie  opposite  siile  of  the  tuber  annalarv. 
It  liua  not  yet  been  puasible,  however,  to  follow  with  certainty  the  imli- 
viduiJ  fibred  to  their  termintition,  or  to  deciile  whether  the  dccnsH&lnig 
fibres  are  jmrt  of  the  original  root  fibres  which  liave  simply  pa6»i'<l 
through  the  nueletis,  or  whether  they  originate  anew  from  the  nrrvv 
cells  of  the  iiiieleiis  imd  thence  pass  to  the  opjwsitc  side.  The  opinion 
usually  a<lopted  by  jinatcumijit!!  from  the  exnininntion  of  microscopic  f»cc» 
tjons  is  that  a  part  of  tiie  tihres  of  each  cranial  nerve  root  terminate  ijt 
the  nncleus  of  the  same  »;ido,  and  a  ]iart  cross  over,  as  decussnting  fibres, 
to  the  opposite  side.  This  is  plainly  shown  in  the  case  of  the  ]>iitiiettcu!i, 
which  is  the  only  one  of  the  cranial  nerA-cs,  beside  the  optic,  exhibiting 
a  distinct  deeussatiyn  of  it*  root  fibres  outside  their  connection  witU 
the  nucleus. 

That  the  action  of  the  facial  nerve  is  in  great  part  a  crossed  actiou  is 
evident  from  the  results  of  palholugical  observation.  Facial  paralysis 
is  a  frequent  accompaniment  of  hemiplegia;  and  in  the  great  tnnjoritj 
of  instances,  that  is,  when  tlic  cerebral  lesion  is  situated  above  the  tuber 
annulare,  the  hemiplegia  of  the  body  and  limbs  and  the  paralysis  of 
the  face  are  upon  the  same  Bi<le  with  each  other.  The  injury  loWte 
brain,  therefore,  in  these  cases,  produces  both  hemiplegia  and  facial 
paralysis  on  the  opposite  siile.  Wlicii  the  injury  is  seated  lower  down, 
on  the  cimtrary,  in  the  snbstance  <if  the  tulKr  ainTulure,  it  may  aflect  at 
the  same  time  the  roots  of  the  facial  uerve  outside  its  nncleus,  auil  the 
longitudinal  tracts  of  the  anterior  pyramids  above  their  decuseation; 
and  may  catise  in  this  way  a  facud  paralysis  on  the  same  side  an<l 
heraiplcgia  on  the  opposite  side,  [it  thus  appenrs  that  tliu  facial  par* 
alysis  is  on  the  same  side  with  the  injury  when  this  is  seated  externally 
to  the  nudetis,  xukI  on  the  opposite  side  when  it  is  seated  sLtoi'c  the 
nucleus  and  near  the  central  parts  of  the  brain,  j  This  showg  that  for 
a  large  part  of  its  functions,  the  action  of  the  fi(cial  nerve  is  entirely  a 
crosses!  action. 

The  commuuieation,  however,  between  the  nucleus  and  the  opposite 
side  of  the  brujn,  n]ion  wliit  h  this  crossed  action  depends,  does  not  atfect 
all  the  fibres  "tf  the  nerve,  nor  the  wiiule  nf  tlte  physiological  functions 
w^iiich  are  niider  its  contrul.  TIjc  only  decussation  of  the  nerve  libn*s 
Cfjnnected  with  the  facial  known  to  exist,  is  that  which  takes  place  at 
the  raphe  on  the  floor  of  the  fourth  ventricle.  If  all  the  fibres  of  the 
nerve  root  or  their  continuations  croKsed  at  this  point,  from  right  to 
left  and  from  left  to  right,  then  a  huigitudtDal  section  at  the  raphe, 
following  the  median  line  between  the  two  nuclei,  would  completely 
paralyze  both  sides  of  the  face  at  the  same  time.  IJnt  this  effect  is  not 
produced  ;  since,  in  the  exiKiriments  of  Vulpiaii,'  whu  has  performed  this 
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oi>orntloii  on  dogs  and  rabbits,  tlie  animals  were  still  cajmble  of  wink- 
ing with  butli  eyes;  only  tlie  uctioji  of  tLc  two  nerves  was  no  longer 
simulUiiieoiis,  ami  tlie  closnro  of  eacU  eye  was  performed  at  irregular 
iutcrviits  imlepemlt'iitly  uf  Hie  otUer. 

It  is  evitk'iit,  tlierefore,  that  tie  reflex  act  of  winking  takes  place  for 
each  eye  upon  tlie  same  side,  undoubtedly  in  llie  gray  matter  of  the 
facial  nucleus;  and  the  two  nuclei  habitually  act  in  harmony  with  each 
otlu-r  hy  means  of  tiie  coiniiiisHural  Bbren  passing  bctwfun  them.  But 
the  mental  and  emntional  iutlneneea,  which  cause  the  movement  of  the 
features  in  expression  or  in  voluntary  acts,  are  transmitted  by  deoua- 
Bating  fliiri'si  from  the  opposite  aide  of  the  brain. 

This  is  still  further  indicated  by  the  dilTirent  effects  caused  by  peri- 
plierid  and  central  lesioua  of  the  facial  nen'e.  In  man,  as  in  animals,  if 
this  nerve  be  divided  or  destroyed  during  or  after  its  puj^snge  through 
the  aqueduct  of  Fallopiii**,  all  the  movements  of  tlie  facial  muscles  are 
paralyzed  together.  But  in  cases  of  facial  paralysis  de|>ending  upon  a 
lesion  in  the  cerebrum  itself,  tJiat  is,  above  the  situation  of  the  nucleus, 
it  is  generally  observe*!,  according  to  Vulpian  and  Hammond,'  that  the 
loss_of  movement  is  not  complete;  but  that,  white  all  the  other  parts  of 
the  face  are  pandyzeil,  the  patient  retains  the  power  of  winkinj^  ou  the 
atl'wtecl  eiiJe.  This  peculiarity  is  even  given  aa  a  means  of  diagnosis 
between  faciid  jparnlysi:*  dependent  upon  injury  of  the  pcrvo  itself  and 
that  caused  by  ajesjt»n  in  the  brain. 

Sentdbilihj  of  the  Facial  Nerve, — .\lthough  this  ner\'e  is  exclusively 
motor  at  its  origin,  it  receives  filaments  of  commuiaiation  from  the  fifth 
pair,  which  give  it  a  certain  degree  of  sensibility.  The  most  important 
of  these  branches,  given  off  from  the  inferior  maxillary  division  of  the 
fifth  nerve,  joins  the  faei.il  soon  after  its  emergence  from  the  stylo- 
mastoid foramen,  and  runs  forward  with  its  principal  branches  and  rami- 
fications. The  facial  nerve,  therefore,  according  to  the  unitetl  testimony 
of  all  modem  experimenters,  if  examined  upon  the  Bide  of  the  face,  is 
found  to  l)c  Rensilive  to  mccbanicnl  irritation«,  idthoiigh  the  degree  of 
i^  Bcnsibiify  is  mucli  less  than  that  of  tlie  fifth  pair.  Owing  to  this 
communication,  (be  pain,  in  cases  of  tic  douloureux,  sometimes  follows 
the  course  of  tlie  horizontal  branches  of  the  facial  nerve.  The  proof, 
however,  that  the  sensitive  fibres  of  Hiis  nerve  are  derived  from  its 
anastomoses  and  do  not  orginally  form  »  part  of  its  trunk,  is  that  tlie 
sensibility  of  the  facial  regions  to  which  it  is  distributed  disappears 
completely  after  division  of  the  fifth  pair,  notwithstanding  that  the  faciiU 
nerve  its^^'lf  remains  entire. 

Beside  the  principal  communication  above  mentioned,  this  nerve  con- 
tracts abundant  anastomoses,  at  the  anterior  part  of  the  face,  with  the 
radiatinj;  Iihimenls  of  the  supraorbital,  infraorbital,  and  mental  branches 
of  the  fifth  pair. 


•  Diseases  of  the  Nervous  System.     New  York,  1871.  p.  78, 
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Twigs  and  Communications  of  the  Facial  Nerve  in  the.  Jquedur-fof^ 
FallopiuK. — While  pasaiiig  tlirough  its  canal  in  the  petrous  porttnnofl 
the  tt>m|M>rni  Itoiie,  the  futial  m-rve  gives*  oil'  u  number  of  ttlender  fila 
iiietits   by  which   >t  cLimniuiiit'atcs  with  otlit-r  ui-rves  or  witb   ganglwi 
l»elt>nging  t<>  the  sympathetic  system.     The  |ih,v»iulogieal  chanwl^r  uf  T 
must  of  tliene  tilametit:}  itj  iui(.»erl'ectly  understood;  but  certain  factAha> 
been  established  in  regard  to  them,  aud  tliey  are  of  intereel  becauMi 
they  are  usunlly  involved   in   injury  or  disease  of  the  nerve  wiibio  tti 
bony  canal,  Riid  thus  otlu-r  secondary  symptoms  are  produced  ifi  add)- 
tioa  to  those  of  external  facial  paralysis. 


TiTK    F'ACIAL    NxitvuA.Mi   1  r  o   CuJ>  NiCfTioN  u,  N«  .n.iji  iiic  nqueoucf  of  F*llop1u«— ^ 
1.  Fifth  nprvr,  with  IHp  OAifrrinn  jrnnKllnn.    3.  Ophthnlniic  iliriRloii  of  the  fllth  ttenrt. 
Superior  itiitxillnry  dlrtalon  of  the  flfth  nerve     4.  Lilngunl  nerve,    b.  SphenDpnlntknc  f«l 
Rlton.     a.  Olio  gnngUon.    T.  Suhmnxillnry  Ran^lion.    I.  Fuclnl  nerve  In  the  aqueduct  uf  F*U' 
IniiluR.  •.  QrcKt  nuperflcial  petroRnl  nerve.  10.  Smnll  BupcrOciAl  (tetroRnl  nrrvc.    11   Stupeillu* 
hrnncli  of  rnclnl  nrrve     12.  BrnDoh  ufoomniunlCAtloo  with  pnrumoi^Rstric  nerre.     IS-  Bfnaeli 
»r  commualeation  with  gloiaoiihAryngeal  nerve.    14.  Ohordfi  tymiMnl. 

At  the  elbow  fornied  by  the  anterior  Iwiid  of  the  facial  nerre,  »oon 
after  its  entrance  itito  the  aqueduct  of  Fnllopiiis,  there  is  n  minute  col- 
lection of  gray  matter,  known  ti.*  ihe  "'  ganglion  geniculatum."  From 
this  point  a  slender  fllitraeiit,  the  great  nttp^rfiriol  petronal  tterne  (Fig. 
1"*,  p).  runs  forward,  (fns.sing  olili«inely  tiiroiiijh  the  bnse  of  the  skull, 
and  terminates  in  the  ."^phenopahitiiie  ^nnglion.  This  gnnglion,  which  i» 
also  in  connection,  by  another  root,  with  the  superior  miixillnry  diviaion 
of  the  fifth  nerve,  »en<!9  ftlnment*  ti>  the  raucous  membraue  of  the  pos- 
terior part  of  the  nasal  pfissnges  and  that  of  the  hard  nnd  soft  palate 
jinil  to  the  levator  pnlfiti  nnd  uvular  musclea ;  that  is,  to  the  dilators  of 
the  isthuius  of  the  faucen. 

This  nerve,  whicli  forms  coinmunicution  between  the  facial  and  the 
Hplienopniatine  gnnglion,  is  without  doubt  the  motor  root  of  the   i.    '■• 
glion,  .supplying  motive  force  from  the  facia!  to  the  muscular  bran 
given  oil'  from  it  beyond.     Thi-H  coticlu»ion  is  derived   froui  the  phe- 
nomena of  pnralyHis  of  the  palatal  museles  accompanying  certain  cai«<'* 


of  facial  paralysis,  where  the  lesion  in  deep  seated.  The  paralysis  is 
ifCognixtMl  by  an  inctipacity  lo  lift  the  soil  palate,  which  huiiga  down  in 
i»  passive  uiauui-i',  uud  by  the  deviatiuu  of  tlie  inula,  which,  according  to 
the  obstrvatiotis  recorded  by  Longct,  is  always  toward  the  sound  6i<le. 
The  levator  palati,  and  especially  the  uvular  ninsole,  being  paralyzed,  its 
fellow  iii  contracting  diaws  the  uvula  into  an  oblique  position,  with  its 
point  directed  toward  the  non-|iaral\  zed  bide.  As  there  is  no  other 
communication  between  the  Incial  nei  ve  and  the  palatal  muscles,  than 
that  through  the  sphenopalatine  ganglion  by  the  great  superficial  |)etro> 
snl  nerve^  this  uerve  ntUBt  be  regarded  as  couluiuing  uiotor  fibres  running 
trom  the  facial  to  the  ganglion. 

A  Hltle  below  the  origin  of  the  last  mentiontnl  iilumcnt,  the  fncini  nerve 
gives  off  a  second,  the  xmall  /(uperjivial  jHtroKal  nerve  <  lo  ),  which  com- 
municates l>otli  with  the  otic  ganglion  nntl  with  the  plexus  of  nerve 
tilaments  on  the  inner  wall  of  tho  tympanum,  known  as  the  "tympanic 
plexus,"  which  supjilles  nerve  fibres  to  the  lining  membrane  of  the 
tympanic  cavity,  while  the  otic  ganglion  sends  a  motor  tllament  to  the 
tensor  tympani  muscle. 

From  the  concave  border  of  the  facial  ner\'e,  as  it  bends  downward,  a 
tine  motor  filament,  the  tslapediuif  branch  (  n  ),  passes  forward  to  su|)ply 
the  stapedius  muscle.  The  facial  nerve,  therefore,  in  this  part  <if  its 
course,  has  an  influence  on  the  uiiihanism  of  hcarjiig,  through  the 
muscles  which  regulate  the  iwsition  of  the  bones  of  the  niiddle  ear.  ami 
conscqiieiitly  the  tension  of  the  membrana  tyinpnnj.  This  influence  is 
exerted  directly  by  its  stapedius  branch,  and  indirectly,  through  the  otic 
ganglion,  by  the  filament  8U|»plie<l  to  the  tensor  tunpani.  Cases  of 
faciid  paralysis  have  been  known  to  l)e  accompanied,  sometimes  by  par- 
tial deafness,  and  sometimes  by  abnomia)  »<cnstbilit3'  to  sonorous  im- 
fircssions ;  but  it  has  not  been  determined  how  far  these  symptoms  wore 
due  to  the  imiilication  of  other  parts,  or  how  far  to  paralysis  of  the 
muscles  of  the  mirldle  ear  from  disease  of  the  facial. 

From  its  tlescentling  p<jrti«n,  the  facial  nerve  gives  off  two  small 
branches  of  comminiication  da.  13),  one  to  the  ptieumognatinc  and  one 
to  the  glosmphartfngeni  nerve.  They  are  nsuntly  regarded  as  motor 
tilaments,  which  transmit  to  these  two  nerves  the  j>ower  of  causing  mus- 
cular contraction.  This  seems  nearly  certain  in  regard  to  the  branch 
communicating  with  the  glossopharyngeal  nerve;  since  Cruveilhier  de- 
scinbes  a  separ.nte  tllament  of  the  facial  passing  to  the  stj'loglossus  and 
|)nlato-glossus  muscles,  and  Longet  cites  an  instance  in  which  a  branch 
of  the  faciid,  on  one  side,  without  making  any  connection  witli  the  glosso- 
pharyngeal nerve,  was  distributed  directly  to  the  palato-glossal  and 
glossopharyngeal  muscles ;  that  is,  to  the  constrictors  of  the  isthmus 
of  the  fauces. 

Finally  the  facial  nerve,  shortly  before  its  exit  from  the  stylomastoid 
foramen,  gives  off  from  its  concave  border  another  slender  branch  of 
eouftiderable  inti^rest,  the  chorda  h/mpani  (u)>  It  first  passes  upward 
and  forward,  in  a  r<^urrent  direction,  traverses  the  cavity  of  the  tym- 
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panum  near  the  inner  siirfnce  of  the  nacmbrana  tjmpani,  carves  down- 
ward uiul  forwanl,  antl  yAn^i  tlie  desceniliiig  portion  of  the  lingual  iiervt 
It  is  ct'rlain  tbat  satne  of  its  fibres  again  leave  the  lingual  nen'e  at  the 
situation  of  thu  subiiiuxillniy  ganglion,  to  reach  this  ganglion  and  th« 
tissue  of  the  subiuaxillnry  giant]  ;  ami  it  is  also  certain  that  some  of 
them  continue  onwarti  with  the  lingual  nerve,  and  accom{>any  it  to  its 
distribution  in  I  he  toiig^ue. 

The  most  positive  kuowleflge  in  our  possession  with  regard  to  tlK 
physiological  character  of  the  chonla  tjmpani  is  that  it  is  distinctly  &  j 
viulor  nerve^  inftiu'.ncing  the  acts  of  circulation  and  secretiofu  Tbis 
results  from  the  uiimtTous  experiments  of  BcrnanV  on  the  dog  and  cat, 
wliieh  show  that,  in  these  animals,  galvanization  of  tlje  chorda  tympani 
iiicieases  at  the  same  time  the  nelivity  of  the  circulation  and  ihc  secre- 
tion of  saliva  in  the  submaxillary  gland.  The  gland,  with  its  excretory 
duct  and  nervous  connections,  is  exposed  in  the  living  animal.  It  istluo 
seen  that  the  intrmhiction  of  vinegar  into  the  fauces  causes,  by  reflex 
action,  an  increased  current  of  blood  through  the  vessels  of  the  glaD<l, 
and  excites  an  abundant  flow  of  sulimaxillary  saliva.  But  if  the  chonU 
tympaui  be  tied  or  cut  across,  the  action  above  descrilH'd  no  longer  takes 
place,  and  the  jrlfrnd  remains  inexcitable  under  the  inllucnce  of  a  sapid 
substance  introduced  into  the  fauces.  On  the  other  hand,  if  the  jKri- 
pheral  extremity  of  the  nerve  be  galvanized,  this  stimulus  excites  the 
cirenhiliim  and  accretion  as  iH-fore  ;  and  the  same  effect  is  produced  hy 
stimulating,  eitlier  tlie  lingual  nerve  itself,  or  the  lilament  which  it  semis 
to  the  submaxillary  gland.  Final!}',  while  gection  of  tlie  chorda  tym- 
pani  in  the  cavity  of  the  tympanum,  or  evulsion  of  the  facial  nerve  from 
the  aqueduct  of  tVllopius,  will  arrest  the  secretive  activit}*  of  the  sub- 
maxillary gland,  section  of  the  facial  at  the  stylomastoid  foramen  does 
not  have  this  etrcct,  but  only  paralj'zea  the  muftcles  of  the  face.  A  dif- 
ference accordingly  exists,  in  the  ell'ects  protluced  by  injurj'  of  the  bcial 
nerve,  nceoitling  to  its  location,  within  the  aqueduct  of  Fnllopiua  or  out- 
side of  this  canal.  If  the  lesion  be  external,  there  is  simple  paralysis  of 
the  facial  mnscles.  If  it  be  internal,  there  is  also  a  diminished  activity 
of  circulation  ancl  secretion  in  the  sidtmaxillary  glaml. 

Another  symptom  sometimes  observed  in  deep-seated  lesions  of  Uie 
facial  nerve,  which  is  also  dependent  on  injury  of  the  chorda  tympani, 
IS  a  diminution  or  disturbance  of  the  genne  of  taste  in  tlic  tip  and  sur- 
face of  the  tongue.  In  this  affection,  the  taste  is  not  absolutely  abol- 
ished, but  is  diminished  in  acuteness,  and  esjjecially  in  promptitude. 
In  a  person  presenting  this  difliculty,  or  in  an  animal  after  division  of 
the  chorda  tympani,  if  a  bitter  Bu)>stance  be  placed  alternately  u|K)n 
the  two  sides  of  t!ie  tongue,  it  is  perccivcfl  almost  imme<liately  u|)on 
the  souud  side,  but  oulj'  after  a  cousiderable  interval  on  the  side  of  the 


'  Systeme  Nervcux.    Paris,  1838,  tome  ii.  pp.  130-157.   Liqntdesde  rOrgaal 
Paris,  1859,  tome  i.  pp.  310-315. 
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pamlysia,  Yftrious  explflnations  are  given  to  account  for  these  phe- 
nomcnu.  By  souic  writt-is  tliey  arc  referri'il  cxcJusivfly  to  tin-  inulor 
properties  ul'  thu  cboriln  Ijiupuui.  If  the  librets  ui'  thiri  nerve  which 
accompany  the  branches  of  the  lingual  in  their  periphernl  clislribution] 
have  nu  intlueiice  upon  the  circuhition  unil  secietioii  iu  the  tongue 
8iniihar  to  that  whicli  they  exert  in  the  subujasilhuy  {^himl,  it  is  pkiin 
that  when  these  actioriH  are  tJepresset^t  by  section  of  the  ehonla  tym- 
pani,  the  sense  of  taste  may  be  Uiininiehed  ia  the  curre8pon<ling  pnrta 
as  an  indirect  result  of  its  paralysis.  Others,  on  tlie  couLrury,  attri- 
bute this  etfect  to  isensiitive  tibres  in  the  chorda  tynijtjiui,  which  convey 
the  impressions  of  sapid  Kubstiuiecs  directly  from  wiUiuut  inwarti,  and 
which,  of  course,  cease  their  action  when  the  nerve  is  divitled.  The 
indications  obtained  by  exfieriraent  on  this  jioint  are  as  yet  too  obscure 
to  allow  t»f  a  <lcoisive  opinion  The  ()ri'ei.se  nuiuiier  in  which  the  chorda 
tyrnpani  takes  a  share  in  the  esercise  of  tlie  hcnse  of  taste  is  more  or 
less  a  matter  uf  uneertaintj'.  Hut  there  is  no  question  that  its  ]>aralyBis 
interferes,  to  an  tt])preciiible  degree,  with  this  sense;  and  an  alteration 
of  the  taste,  accompanying  facial  lunalj-sis  upon  the  same  side,  is  a 
symptom  whieli  fixes  the  location  of  the  nervous  lesion  at  some  point 
inside  the  stylomastoid  foramen. 

Eighth  Pair.    The  Auditory. 

On  the  posterior  8iirf;ice  of  the  meduila  oblongata,  a  little  behind  the 
widest  part  of  the  fourth  ventricle,  a  mtmber  of  white  striations  run 
from  the  neighborhoml  of  the  median  line,  transversely  outward,  toward 
the  posteri<»r  edge  of  the  peduncles  of  the  cerebellum.  These  striations, 
which  are  f*ometiuies  exceedingly  distinct,  represent  tde  commencement 
of  the  roots  of  the  auditory  nerve.  The  nucleus  from  which  they 
originate  is  a  nrnass  of  gray  substance  eitualed  directly  In-neath  them, 
containing  nerve  cells  of  vtirioiis  form  and  size,  some  of  which  belong 
to  the  smaller  variety,  while  some  of  them,  according  to  Dean,  ai'e 
among  the  largest  of  those  met  with  in  the  nerv'ous  system.  The  gray 
matter  of  the  nucleus,  at. its  lateral  portion,  extends  outwaitl  and  upward 
towarfl  the  white  substance  of  the  cerebellum,  with  \«hich  it  is  connected 
by  numerous  bundles  of  ratliatiug  fibres. 

The  tibi'cw  originating  from  this  ganglion  partly  run  directly  ontwanl 
in  ft  superficial  course,  forming  the  white  striations  visible  at  this  jHii'nt, 
and,  uniting  with  each  other,  curve  round  the  posterior  Ixirder  of  llie 
]>eduncles  of  the  cerelx'ilnm  to  reach  the  lateral  surfa<-c  of  the  medulla 
at  the  lower  eilge  of  the  pons  Varolii.  Some  of  them  follow  a  deeper 
course,  passing  obliquely  through  the  substance  of  the  metlulla  outward 
and  downwatxl  to  the  same  ])oint.  These  fibres,  united  with  each  other, 
form  the  [justerior  root  of  the  auditory  nerve. 

The  anterior  root  consists  of  fibres  which  are  traced  backward  from 
their  point  of  emergence,  partly  to  the  floor  of  the  fourth  ventricle,  but 
also  in  great  measure,  according  to  Clarke,  Dean,  antl  Henle,  into  the 
white  substance  of  the  cerebellum,  where  they  mingle  with  fibres  coming 
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from  the   interior  of  this   organ.     The  main  anatomical   pecoUarityJ 

therefore,  which  distiiigtiishts  the  eentrnl  origin  of  the  auditory  from 
thiit  of  the  other  oniiiial  nerves,  is  its  ahundnnt   and  direct  connectioiij 
tt'jtli  the  siiltstanee  of  the  ceri'lielluiu 

'i'lie  auditory  nerve,  formed  by  the  union  of  these  two  bundles  of  rooli 
fibres,  emiTgt's  from  ihe  htteral  surfaee  of  the  meduUn  oblongata,  at  th»l 
inferior  edj^e  of  Ihe  pons  Varolii,  and  imuiodiately  outside  the  facial 
nerve.  In  com|tony  with  the  facial  it  then  passes  forward  and  oDtword,^ 
enters  the  internal  auditory  meatns,  penetrates  throngh  the  perforatic 
at  the  boftoni  of  this  canal,  and  termiualea  in  the  nervous  expan«ion«] 
of  the  internal  ear. 

Ffiyxiolngiral  Properties  of   ike  Auditory  Nerve. — The    auditorjrj 
nerve  is  evi<lently  a  nerve  of  special  sense,  and  serves  to  conimunicat«| 
to  the  brnin  tlie  impression  of  sonorous  vibrations.     In  the  experimeni* 
of  Mngendie  upon  doga  and  rnbbit:^,  the  auditory  nerve,  when  exposed 
in  the  cranial  cavily,  was  found  to  be  insensible  to  the  severest  me-j 
chaDical  irritation,  although  the  roots  of  the  lillli  pair  exhibited  at  tlttj 
same  time  an  acute  scnsibitity.     Its  exclusive  distribution  to  the  inter-j 
iial  ear,  for  which  it  forms  the  only  nervous  connection  with   the  bruiu, 
leaves  no  doubt  that  its  function  is  that  of  transmitting  to  the  central 
organ  the  nervous  influences  which  produce  the  sensation  of  sound. 
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Kehind  the  situation  of  the  Auditory  there  commences  a  special  divi- 
sioji  of  the  cranial  nerves,  which  ditfer  in  great  measure  from  the  pr«f-j 
ceding.  All  the  foregoing  neiTea,  exceptitig  those  of  8|ieeial  sense,  nn\ 
either  distinctly  innttir  or  have  a  highly  develofa'd  general  senBibiliiy ;  < 
they  are  dirttribnled  to  the  integument  and  to  muscles  which  are  con-j 
cemed  in  the  execution  of  volimtary  movements;  and  tijey  are  all  asso^j 
ciated  in  the  production  of  nervous  action  in  the  various  regions  of  the] 
face, 

Tlie  second  division  of  the  cranial  nerves,  on  the  other  hand,  conj-j 
prising  the  glos80|)haryng<'al,  the  pneumogastric,  and  the  spiual  acoe»-j 
sory,  are  distributed  to  tlie  deeper  parts  about  the  commencement  of  j 
the  digestive  and  lesplnitoiy  passages,  where  the  general  sensibility  iaj 
comparatively   detrt^ierit,   and  the   niovenientw  are,  for  tiie  most    part^J 
involnnlary  ;  and  they  exhibit  phenomena  which   have  more  especially! 
the  character  of  reflex  actions.     Externally,  they  show  a  marked  simi- 
larity of  analoniical  arrangement,  originating  one  behind  the  other,  il 
a  continuous  line,  along  the  lat<?ral  furrow  of  the  me<lulla  obloDgat*^ 
and  the  side  of  tlie  spinal  cord,  each  by  a  series  of  separate  filaments; 
and  in  such  juxtaposition  that  it  is  in  aome  instances  difficult  to  6iiy«i 
from  external  inspection,  where  the  root  fibres  of  one  terminate, 
those  ijf  the  other  lief^in.     The  two  sensitive  nerves  Itelonging  to  ihm\ 
group,  nnmely,  the  glossopharyngeal  and  the  pnenmoga.Htric,  have  tlieifl 
source  in  two  nuclei  which  are  continuous  with  each  other  at  the  p 
terior  surface  of  the  medulla  oblongata;  and,  according  to  the  observ**] 
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tions  of  Dean,  in  tite  meilulla  of  the  sheep,  the  transition  between  tlie 
pneuiiiogftfitric  :ind  glossupluirytigeai  roots  or  iiut-lvi  is  so  gnidual  that 
it  ia  tinjiossiUie  to  |tuitit  out  any  exact  liiii;  of  ^Icmurualiou.  Each  of 
these  nerves  has  upon  ita  truuk  a  distinct  guugliun,  .situuleO  within  its 
()oint  of  emergence  from  the  eruuiiiui.  The  uiotor  porliou  of  the  group, 
or  the  spiriiil  aceehsory,  origjiuitea  fiom  a  special  jukIciis  uf  its  own, 
uikI  send«  brunehed  ol' eowniuiitcHtion  to  both  the  other  nerves.  While 
the  three  nerves  of  this  group,  tlierefore,  can  hardly  be  rc-garded  as  a 
single  pair,  they  have  nevertheless  a  close  mutual  relation  both  iu  ana- 
touiicai  arrangement  and  in  their  physiological  properties,    _ 

Hintli  Fair.    The  GloBBopharyngeal. 

The  fibres  of  the  glossopharyngeal  nerve  originate  from  a  nucleus 
situiiiltHl  a  little  buhiiiul  and  below  that  of  the  auditory,  and  near  the 
outer  border  of  the  fasciculus  teres,  by  which  it  is  separali.-d  from  the 
n>e<lian  line.  This  nucleus  is  continuous  posteriorly  with  ihat  of  the 
pneumugastric  nerve,  which  projects  above  it  en  the  floor  of  the  fourth 
ventricle  (Fig.  108,  Ngl,  Nv  I.  The  nerve  fibres,  after  leaving  the  nu- 
cleus, passdownwaril  and  outward  through  the  substance  of  the  niediUIa, 
and  emerge  from  its  lateral  surface,  next  behind  the  auditory  nerve,  iu 
a  series  of  five  or  six  fllntneiits  which  soon  alterward  unite  into  a  single 
cord.  The  nerve  then  passes  uito  and  through  the  jugular  foramen,  in 
company  wiih  its  associated  nerves,  the  pneumogastric  and  spinal 
accessory.  While  passing  tlirough  this  opening  in  the  skull,  it  presents 
a  ganglionic  enlargement,  similar  to  those  of  tlie  posterior  g|nnal  nerve 
roots,  and  known  as  the  pflrutnti  ganglion,  from  its  occupying  a  shallow 
depression  in  the  petrous  portion  of  the  temporal  bone.  At  the  situa- 
tion of  the  petrosal  ganglion  it  gives  otf  a  small  branch,  the  "nerve  of 
Jfieobson,"  which  is  tlistributed  to  the  nmcous  membrane  of  the  tyra- 
pHuum  and  Ku.stachian  tulH%  ami  seridH  a  fibuaent  of  communication  to 
the  otic  ganglion  of  the  sympathetic  syfltem.  The  trunk  ol  the  glosso- 
pharyngeal nerve  then  passes  downward  and  forward,  receiving  branches 
of  coniniunii-Htion  from  both  (he  facial  and  the  pneumogastric  nerves, 
alter  which  it  separates  into  two  main  divisions,  one  of  which  is  des- 
tined for  the  tongue,  the  otlier  for  the  pharynx;  a  double  distribution, 
to  wliich  the  nerve  owes  its  name.  The  portion  passing  to  the  tongue 
is  distrihnU'd  to  the  mucous  membrane  of  the  posterior  third  of  this 
organ,  namely^  to  that  portion  situatt^d  In-hind  the  V-shajH'd  row  of  cir- 
cumvallate  papUlae,  and  to  these  papitlfe ;  it  al^o  su])p]ies  lilaments  to 
the  tonsils  and  to  the  raucous  membrane  of  the  pillars  of  the  fauces  and 
of  the  soft  palate.  The  remaining  portion  of  the  nerve  is  distribute<l 
to  the  mucous  membrane  of  t!ie  pharynx  an* I  certain  of  the  adjacent 
muscles,  namely,  the  diga-stric  and  stylopharyngeal  muscles,  by  union 
with  a  branch  of  the  facial  to  the  styloglossal  muscle,  and  bj  union 


'  Oray  Sab«tance  of  the  Medulla  Oblongata  oud  Tntpi-zium.     Wuhiuglua, 
1864,  p.  30. 
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with  branches  of  the  pneumogastrtc  to  the  mticous  membrane  and 
Bupt'rior  ami  miildle  coiiHtcictors  of  tlie  phurynx.  Tlie  mimcles,  accort"* 
ingly,  to  which  this  nerve  is  directly  or  itidireotly  distribute*!  are  those 
l>y  whirh  the  tongiu*  is  drawn  backward  (styloglossnl),  the  larynx  and 
pharynx  elevated  (<iigastric  and  Htylopharyngeal),  an<l  the  upper  part 
of  the  pharynx  contractefi  (suiK-rior  and  middle  constrictors);  that  is, 
tliose  eotJetMne<l  in  the  act  of  deglutition* 

J'/iijsioh/ifk-al  Propfrties  of  (h*:  iSln»«opharyngeal. — The  glossopb*- 
ryngeal  nerve  is  evidently  for  the  most  part  a  ner\'e  of  sensibilitj'.  lt« 
origin  from  the  tract  ofgray  matter  in  the  medulla  ohlonjjata  correspond" 
ing  to  the  poHterior  hnriiif  of  gray  matter  iit  the  s])inal  cord,  the  distinct 
ganglion  located  upon  its  trunk  in  the  jngtilar  furamen,  and  the  fact  that 
it  is  mainly  distrilniLed  to  tlie  mnemis  nu-mliranes  of  the  tongue  and 
pliarynx,  all  indicate  its  rcserablnnce  in  anatomical  arrangement  to  other 
well  known  sensitive  neives  or  nerve  roots.  The  result  of  direct  experi- 
ment corroborates  this  view.  Longet,  in  irritating  the  gloasophancngeaJ 
nerve  within  the  cranium,  was  never  able  to  produce  muscular  conlnwy 
tion  ;  and  although  Chauvean,  in  experimenting  ui)on  this  nerve  in  th€ 
same  situation  in  recently  killed  antnuils,  saw  its  gidvanization  followed 
by  contraction  of  the  upper  part  of  the  pharynx,  the  effect  may  have 
been  due  to  reflex  action,  since  the  nerve  was  still  in  c<mneclion  with 
the  mtHlidla  ohlongnta.  This  conclusion  is  rendered  certain  by  the  in* 
vestigations  of  Heid,'  who  found  that  irritation  of  the  glossopharyngeal 
nerve  produced  tnovemeuts  of  the  throat  and  lower  part  of  the  face; 
but  that  these  movements  were,  in  a  great  measure,  reflex  and  not 
direct,  since  they  were  also  produced  after  the  nerve  had  lieen  divided, 
by  applying  the  irritation  to  itn  cranial  extremity.  Its  sensibility  to 
nieeluiuioat  or  galvanic  irritation,  however,  appears  to  be  of  a  low  grade, 
as  compnre<l  with  that  of  the  trigeminal  nerve.  While  some  observer* 
(Elcid)  found  its  irritation  in  the  living  animal,  outside  the  jngiilnr  fonw 
men,  give  rise  to  evident  signs  of  pain,  others  (Panizza)  have  failefl  to 
see  any  indications  of  suftering  from  this  cause ;  and  others  still  (Longet) 
speak  of  the  signs  of  pain,  thus  produced,  in  a  more  or  less  uncerUiill 
manner.  This  variation  in  the  observed  results  is  sutfictent  to  show  the 
inferior  capacity  of  the  glossopharyngeal  nerve  for  the  receipt  of  painful 
impressions;  since  no  experimenter  has  ever  doubted  the  acute  sen&ibilitj 
of  the  fifth  pair. 

lint  notwithstanding  the  comparative  <loficiencv  of  the  nerve  itself^ 
and  the  parts  to  which  it  i»  distributed,  in  ordinary  sensibility,  it  serves 
to  transmit  sensitive  impressions  of  a  special  charactt-r,  which  are  con- 
neeted  with  two  did'erent  but  associatetl  functions, namely :  L  The  sens* 
of  taste,  anil,  2.  The  reflex  act  of  degUitition. 

Connection  vcilh  (he  Scnife  of  Tanfe, — The  power  of  perceiving  aensA* 
tions  of  taste  exists  not  only  in  the  anterior  portion  of  the  tongue  wbicb 
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containB  filamenta  derived  from  tde  lii>guul  l)rancli  of  the  fifth  pair,  but 
also  at  the  base  of  the  organ,  thrunglioiit  its  postL-iior  tliinl,  uurl  in  the 
mucf)U9  membrane  of  the  iirchcs  of  th<;  pahitt',  vviiluh  ure  8iipijlii;<l  only 
by  the  fibres  of  the  glossophar^Tigeal.  j  The  ilitference  between  these  two 
regions  i«  tliat  wliile  that  sujJiiHiHl  by  tho  fifth  piiir  possessos  tactile 
seiisibitity  of  a  liigh  gnute  in  mliiition  to  that  of  lasto,  in  the  posterior 
region  the  general  st-nHibility  is  less  Jicutc;  than  ihe  special  sensibility  to 
impressions  of  taste.  The  appreeiation  of  savors  is  provided  for  by 
both  the  lingual  and  glossopharyngesd  nerves,  each  in  its  separate  de- 
partment of  tlie  oral  cavity.  The  sense  of  taste  aeeordingly,  in  the 
experiments  of  Keid,  was  never  Complett-ly  al)olishetl  by  division  of 
either  one  of  these  nervea.  For  its  complete  suspension,  both  of  tliem 
must  be  destroyed  on  lK)th  sides.  The  rai-thod  adoptetl  by  Longet  for 
examining  the  contiition  of  the  taste  in  dogs,  l>efore  and  after  division 
of  the  glossopharyngeal  nerves,  was  to  place  upon  the  base  ol"  tbe  tongue 
a  few  drops  of  a  concentrateil  solution  of  colocynth.  Althonoli  tliia 
always  produced  in  the  animals,  while  in  tlieir  natural  condition,  mnni- 
fi'st  signs  of  disgnst,  it  had  no  such  effect,  as  a  general  rule,  alter  sec- 
tion of  the  glossopliar^nged  nerves  on  both  sides,  provided  the  solution 
were  applied  only  to  the  posteiior  part  of  the  tongue  and  the  pharynx; 
while  if  even  a  minute  quantity  came  in  contact  with  the  tip  or  edges 
of  the  tongue  it  cause<l  brisk  movements  of  the  jaws  with  all  the  in- 
dications of  a  sense  of  repugnance.  While  in  the  anterior  and  more 
movable  parts  of  the  tongue,  accordingly,  the  sensations  of  taste  are 
appreciated,  during  the  |>rocess  of  mastication,  by  the  filaments  of  the 
lingual  nerve  which  are  distributed  there,  the  glossopharyngeal  is  the 
nerve  of  taste  for  the  posterior  part  of  the  organ.  It  is  called  into  ac- 
tivity after  mastiention  is  accomiilished  and  at  the  moment  when  tlie 
fowl  is  carrietl  backwarxl  and  compressed  by  the  base  of  the  tongue,  the 
pillars  of  the  fauces,  and  the  walls  of  the  pharynx. 

Cviineciion  with  the  ftfflex  Art  of  Deglutition. — In  the  fauces  and 
pharynx,  the  glossojtharyngeal  nerve  also  possesses  a  peculiar  sensibility 
to  certain  impreasions,  which  excite  at  once  the  muscles  of  the  neigh- 
boring partA  and  bring  into  play  the  conijilieatitl  mechauist«  of  degluti- 
tion. This  consists  in  drawing  hnckward  and  H[)warii  the  base  of  the 
tongue,  thus  bringing  the  masticate*!  food  into  and  through  the  isthmus 
of  the  fauces.  The  muscles  of  the  pillars  of  the  fauces  (palato-gloctsal 
and  p:ilato-|»haryngeal)  afterward  contract  ami  close  the  opening  of  the 
isthmus,  while  the  soft  palate  is  drawn  backward  and  exlende<i  across 
the  upper  end  of  the  pharj-nx,  thus  sluitting  off  its  communication  with 
the  posterior  nares;  and  the  contraction  of  the  constrictor  muscles  of 
the  pharynx  then  forces  its  contents  downward  into  tlie  beginning  of  thi 
oesophagus.  Tliis  process  is  an  involuntary  one.  Both  the  contraction 
of  the  special  muscles,  and  their  regular  co-onlination  in  the  necessary 
series  of  successive  movements,  are  actions  whicli  do  not  depend  on  the 
exercise  of  the  will,  but  which  tjike  place  even  in  a  state  of  unconscious- 
ness under  the  stimulus  supplied  by  contact  of  food  or  liquids  with  the 
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inner  surface  of  the  faiici's  and  ptiarynx.  This  contact  pnxluces  %a  in- 
[trt'ssioa  wlitcli  i*  cuiiveyed  liy  the  glossopharyngeal  nerve  inwani  to  Uie 
meilullii  oblongata,  whence  it  is  rctlectetl  outward  in  the  form  of  a  motor 
itnpulse.  The  sfiisihility  w  hith,  Uy  the  contact  of  masticate*!  foml  of 
nutritious,  liquitls,  tliii?*  pro«Uux's  the  movenieiits  of  swallowing,  if  *u\r 
jccted  to  the  influence  of  nauscona  or  irritating  substances^  will  caiuc  an 
inverted  muscular  reaction,  eciually  involuntary  in  character. 

Natural  .stiiniihints,  therefore,  apitlied  to  the  mucous  membrane  of  the 
pharynx,  excite  deghitition;  unmitural  stiitiulantB  excite  vomiting.  If 
the  linger  Ik*  introducetl  into  the  I'uttccs  and  pharynx,  or  if  the  mucous 
urembrsine  of  these  parts  be  irritated  by  tickling  with  the  end  oft 
feather,  the  sensation  of  nausea,  couveye<l  throu<rh  the  glossopharyugtAl 
nerve,  is  Honicliines  so  great  an  to  prcwluce  imnictliate  vomiting.  Thi* 
method  may  U*  eniplojed  in  caset«i  of  poisoning,  when  it  is  desirable  to 
excite  voniiling  rapidly,  and  when  emetic  mcclicines  are  not  at  hand. 

Motor  J'rttijerliis  of  {he  OlunaopharyugfoL — Altliough  this  nerve  it 
sitown,  by  the  result  of  o])scrvntion,  to  lie  t'sclusively  .sensitive  at  H* 
origin,  it  is  found,  if  examined  outside  the  cavity  of  the  cranium,  to 
possess  motor  pro[ierties.  In  ilte  experiments  of  Herbert  Mayo  «|M>n 
the  ass,  conllrraed  by  those  of  Longet  on  the  horse  and  the  dog,  irritation 
of  this  nerve  in  the  tiei-k  [jrodnced  contraction  in  the  stylopharynge*! 
muscles  and  in  t!ie  upper  part  of  the  |>harynx.  These  movements  were 
not  the  result  of  reflirx  action,  but  were  excited  through  the  nerve  ft-ftm 
within  outward;  since,  in  the  experiments  of  Longet,  they  were  called 
out  nftc-r  the  nerve  ha<l  been  divided,  by  applying  the  irritation  to  '\\» 
])eriplieral  extremity. 

The  glos9oi)harvngeal,  therefore,  after  its  exit  from  the  jugular  fora- 
men, is  a  mixed  nerve.  In  addition  to  its  own  original  sensitive  fila- 
ments, it  has  received  a  branch  (if  communication  from  the  facial  which 
is  untlonlittHUy  <jf  a  niotor  cliaracter,  and  also  a  branch  from  the  pneu- 
mogastric.  The  pneumogastric  hrnncb  is  also  regarded,  on  anatomical 
grounds,  as  really  made  up,  wholly  or  in  part,  of  motor  film's  derive«l 
from  the  s])inal  accessory,  throuyb  its  anastomosis  with  the  pnenmog^is* 
trie.  According  to  Cruveilbier,  it  sometimes  comes  directly  and  exclu- 
sively from  the  anastomotic  branch  of  the  spinal  accessorj-;  sometimes 
partly  from  this  and  partly  from  the  pneumogastric  itself.  The  results 
obtained  by  ex]»erimciit  also  indicate  a  double  source  for  the  motor 
fibres  which  join  the  glossopharyngeal  before  its  exit  from  the  skulh 
ir  tlicMe  fibres  were  derived  exclusively  from  the  facial  or  exclusively 
from  the  spinal  accessory,  the  division  or  destniction  of  one  or  the 
other  of  these  nerves  aliove  its  communicating  hnttich  would  alx>Hah 
entirely  the  motor  power  of  the  glossopharyngeal.  But  the  experiments 
of  Bernard  uiion  rabbits,  in  which  the  facial  nerve  was  divided  in 
aqueduct  of  Falloptus,  an<l  those  of  Bernanl  and  Longet  on  cats  an' 
rabbits,  in  which  the  8])inHl  accessory  was  destroyed  on  both  sides, 
show  that  the  process  of  deglutition,  though  more  or  less  retarded,  ia 
not  abolislndl  by  either  of  these  ojierations. 
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Beside  the  anastomotic  brfinches  received  by"  the  plossophnrj'ngeal, 
near  its  origin,  from  tlit-  fjicial  and  the  sjiinnl  accessoi y»  it  also  lias  cuni- 
tnunication  witli  both  these  nerve*  near  its  jieripheral  distribution.  It 
18  joined  by  a  branch  of  the  (iioial,  wjiich  aeeoinpanies  it  to  the  Htylo 
glossal  mHsele,ar)d  |»erh:i[irt  also  to  ihe  jiillarsof  iJie  fauces;  and,  aeeortl- 
ing  to  Cruveilliier,  a  hraiich  ilerived  from  the  spiiHil  accessory  takes 
part  in  the  formation  of  the  pharyngeal  plexus  whiclj  sujipliea  the  upi)er 
constrictor  muscles  of  the  pharynx.  The  process  of  «leglutitio3i,  there- 
fore, is  excited  at  its  coniiiieiicenieiit  by  seusitive  impressions  cojive^'ed 
througii  the  gtossojiliaryngeal  nerve  ;  but.  its  movements  are  executed 
by  a  reflex  impulse  traiisniilted  through  tlie  motor  tihres  of  several 
distinct  branches  of  communication. 

Tenth  Pair.    Tlie  PQeumogastrio. 

The  pneiimogastric  nerve,  remarkable  for  its  varied  and  extensive 
coiijst!  anil  tl)e  (listriUutiori  of  its  filires  to  a  nnniber  of  different  locali- 
ties, lta»  receiveil  its  name  from  Ihe  two  most  important  organs  in  which 
it  terminates,  the  lungs  and  stomach.  It  arises  from  tlie  side  of  the 
medulla  oblongata  by  a  series  of  from  ten  to  fifleen  separate  filaments, 
arranged  in  a  linear  series,  continuously  with  those  of  the  glossopha- 
ryngeal. The  nucleus  from  which  tliese  fibres  take  their  origin  is  an 
extcnilwl  tract  of  gray  matter  rnnntiig  in  a  longitudinal  direction 
ali>ng  the  ))oslerior  surfnee  of  the  medulla  oiilongata,  just  outside  the 
lower  extremity  of  the  fasciculus  teres.  This  collection  of  gru}'  matter 
(Fig,  lfi8,  Nc)  which  is  uncovered  by  the  divergence  of  the  posterior 
columns  of  the  conl,  and  is  thus  expose<i  to  view  on  the  floor  of  the 
fourth  ventiicle,  is  known  as  the  ata  vitierfa.  At  its  anterior  ex- 
tremity it  covers,  ami  is  contiououa  with,  the  nucleus  of  the  preceding 
nerve,  the  glosso[iharynge!d  ;  and  at  its  posterior  extremity  it  joins 
that  of  the  following  nene,  the  spinal  accessory.  From  its  deep  sur- 
face it  gives  out  the  fil>res  of  (irii»in  of  the  pnctnnnijastric  nerve,  which 
run  downward  and  outward  through  tlie  substance  of  the  medulla,  and 
emerge,  as  above  mentioned,  in  a  series  of  filaments  from  its  lateral 
surface. 

The  filaments  of  the  pnenmogastric,  after  leading  the  side  of  the 
niednlla  oblongata,  unite  into  a  single  trunk  which  passes  out  of  the 
cranium,  in  company  with  the  glo880[)haryngeal  and  the  spinal  accessory, 
by  the  jugular  foramen  ( Fig.  1 VJ).  Here  it  presents  uixm  its  trunk  a  gan- 
plionie  swelling,  known  as  the  **jngid!ir  ganglion."  At  or  immediately 
Ix-youd  tlie  situation  of  the  ganglion,  tlie  nerve  is  joined  by  an  im|iortant 
motor  branch  of  colnmunieation  from  the  spinal  accessory  ;  and  it  after- 
ward receives  filaments  fn>m  four  other  sources-,  namely,  the  facial,  the 
hy|>oglossal,  and  the  anterior  branches  of  the  first  and  second  cervical 
nerves. 

While  passing  down  the  neck  the  jineumogastric  nerve  takes  part,  by 
an  anastomotic  branch,  in  the  formation  of  the  pharyngeal  plexus.  Its 
first  important  branch  of  distribution  is  the  avperiur  larynyeal  n«?ree, 
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wbicli  runs  downward  ami  forward,  irt-netrates  tlic  larjiix  hy  an  ope» 
iug  ill  tbe  side  of  the  tliyro-hyoid  memlnuue,  iiiid  is  distributed  to  lli« 
mucous  iiKHilinine  coviM-jng  tliu  f]H^lMttis  :ujd  liiiiiig  tlie  iutcrior  of  the 
lat'yiigeul  cavity.  Tbi«i  is  thi;  tnuin  |)urtioii  of  tliu  nerve,  sind  it  is  !>et)|>i^J 
tivu  in  ehamcU'r;  providing  for  tiie  |>e«utiar  senaibiiity  of  the  glottis  |iid 
ciiiglutlis  iitid  fur  that  of  lliu  iuiicr  surface  of  the  larynx  in  ^enond. 
The  nerve  givetj  "irt",  however,  a  smnll  n)Us»euhir  branch  which  lerminiite* 
In  tlie  infeiior  conntrietor  of  tlie  pharynx  and  in  the  crieo-thyroid  mtis- 
cle  of  the  hirynx.  It  uUo  8U[)pLiea  several  filaments,  which  unite  witb 
others  coming  froinliie  gri.':it  syuii>athetic,  to  form  tlie  laryngeal pl>-TU»:\ 
and  by  tliis  jjlexus  the  8ii])erior  luryngeal  bnuieli  of  the  j>nemnog:wtric 
furnishes  filuntcnls  to  tlie  U(>j>er  cardiiic  nerves  of  the  cervical  portion 

of  the   Bvjnpathetic.     Other  filfuneots  | 

^'^'  ^  '^-  psvss  off  from  tiie  trunk  of  the  pneuniu*  j 

gnstriu  while  passing  down  the  neck, 

whieh  also  join  the  cardiac  branches 

of  the  sympathetic,  and  which  in  Bonw 

instMnces,accordiiigtoC'ruveilliler,po8» 

diiti'tly  downward,  to  unite  with  tbe 

cardiac  pit^xns  beneath  the  concavity] 

of  the  arcli  of  the  aortiu 

The   next   branch    is   the    in/eriofi 
larynijenl  iu:rve,  which  separates  f rom  i 
the  trunk  of  tiie  pneiimogastric  after] 
entering  the  cavity  of  the  chest,  cnTveaj 
ronnd  the   snlwlavian   artery  on   tliaj 
riglit  aide  and  the  arch  of  the  aorta  ouj 
the  left,  and   ascends,  in   the  groovfrj 
between  the  traciiea  and  OL'sophagua,} 
to  the  larynx,  giving  off  branches  to^ 
the  a'sophagus  and   tlic  inferior  con- 
Hlriclor   muscle  of  the   pharynx.     Ii 
the  larynx  it  is  distribute^!  to  all  the 
mnsclcs  of  this  organ,  excepting  thai 
erico-thyroid,  which  is  sui»plirl  by  thfl 
snpi'riur    laryngc^al.      The    larynx    ifl 
tht-reforc   supjtlied    by    two    different 
branche!*  of  the  pneutnngastric  nei 
which  are  mainly  distinct  from  eacl 
other  ill  tiieir  |iro[icrties  and  functions 
The  8n[)erior  laryngeal  branch  is  fo 
the  most  part  a  sensitive  nerve,  auj 
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4.  Sjilnul  accessory.     6    Hyi>oicloMil.     rt.  KxtiTiml  (  niusi-ulirl  bnxnch  of  the  splnul  i»rcM»ii 
T.  SU|i<Tlor  Uryiigpul    hrwtich  of  Un-   |in«<M  mnjfi»trli>      8.    Ph'«rynf!i-iil  |>li->iu».    9.   I^Arync 
|il<'XU«  And  iijiiieTatiPillifl  brnrn-lii'«  of  the  |iDi.*umus«8lrla.     ID.  TymiiAnlojilcxui,  (romi 
of  tbe  gloi»o(ih»ryni;rftl-    ^JUmctifeliL) 
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plying  the  mucoiis  membrane  of  the  larynx ;  the  inferior  laryngeal 
hrancli  is  a  mutor  nerve,  ami  is  esbeutiat  to  the  activity  of  nuarly  all 
the  rniiHcles  uf  the  organ. 

After  i-ntering  the  cavity  of  the  chest,  the  most  imiiortnnt  dependency 
of  tlie  piieiimugastric  nerve  is  the  pulmwiary  plexutty  formed  by  the 
seimralion  of  llie  nerve  into  si  emisitierahle  miniber  of  inosculating 
brant'liea  uiiieh  semi  llieir  terniinid  filamenlB  along  the  course  of  the 
bronchi  and  tJieir  8ulj<livisious,  to  the  ultimate  bronclii  ami  lobules  of 
the  lungs.  In  tiie  inferior  )iortii)n  of  the  ehest,  the  inosculating  lUa- 
nifUts  on  hoth  sides  surround  tlie  cesoj^lingus  with  tlie  asophageal 
plrj:u>\,  from  which  fibres  are  suiiplieU  to  the  mucous  meiubraue  and 
niuitcuLar  coat  of  this  organ. 

The  two  jinoiiinogastrie  ner%'e9,  after  btniig  reconstructed  hy  the  union 
of  tlieir  1)ran*'lK'S  below  the  pnlaiomuy  jtlexus,  penetrate  tlie  cavity  of 
the  abdomen  and  sjKiesid  out  in  two  sots  of  gantrie  branchas^  which 
8u|i)>]y  the  mucous  membrane  nml  muscular  coat  of  tlie  stomach.  Those 
belonging  to  the  hll  pncimiogasti  ic  nerve  supiily  the  anterior  wall  of  the 
organ,  and,  extending  toward  the  right  as  far  as  the  pylorus,  send  a  con- 
tinuation of  nervous  fihinieuts  to  tlie  transverse  fissure  of  the  lirer^  into 
which  they  jwnctrate,  together  with  those  of  the  hepatic  plexus  of  the 
sympatlictic  ;  those  U-longiiig  to  tUe  right  pneumogastric  semi  lilaiiicnts 
to  the  posterior  vvall  of  the  stomach,  and  tinully  communicate  with  the 
Bolnr  plexus  of  the  sympathetic. 

The  pueumogastric  nerve,  therefore,  is  distributed,  hy  its  various 
branelies,  to  tl>e  mucous  membranes  and  muscular  a|>paratu9  of  the  pas- 
sages by  which  air  and  food  are  introrluced  into  the  interior  of  tlie  body. 
It  also  forms  connection  at  several  juMnts  with  branches  of  the  great 
pynipathetic,  and,  through  it,  sends  fibres  to  the  central  org.in  of  the  cir- 
culation, and  to  the  railialing  sympathetic  plexuses  of  the  abiloniinal 
organs. 

Phyx{f)hiitii-nl  I'mpfrtwH  of  tht;  Pni'umoga»tric. — According  to  the 
I  Jesuits  obtained  by  Loiiget,  the  pneumogastric  is,  at  its  origin,  exclu- 
Ively  ajsensitive  nerve.  Galvanic  irritation  applied  to  the  nerve  roots, 
carefully  separated  from  the  medulla  and  from  adjacent  filamentn,  was 
not  found  to  prwlnee  any  muscular  contractions;  hut  when  applied  to 
the  trunk  of  the  nerve  at  a  lower  level,  muscular  contractions  were 
readily  excited.  At  this  situation  the  nerve  already  contains  motor 
fibres  derived  from  inosculation  with  the  spinal  aecessorj',  the  facial  and 
the  hypoglossal,  and  from  the  loofy  i>f  communication  Ix'tween  the  two 
U|)per  cervical  nerves.  In  its  trunk,  acconlingly,  it  has  tile  characters 
of  a  mixed  jierve,  and  is  ca|>able  of  providing  both  for  movement  and 
sensibility  in  the  orgnns  to  which  it  is  distributed. 

The  sensibility  of  the  pneuraogastric  nerve,  however,  to  mechanical 
irritation  and  to  jiaiiifnl  impressions,  is  hut  slightly  marked,  as  shown 
by  the  experience  of  all  observers.  It  may  frequently  Ik;  divhie<i  in 
the  middle  of  the  neck  in  the  living,  unetherized  animal,  without  any 
sign  of  pain  being  manifested  ;  and  this  want  of  reaction  is  at  times  bo 
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complete  ob  to  indicnte  an  ontire  absence  of  ordinary-  sensibility.  This 
d(K;8  not  fifcm  to  bo  invarinbly  tlie  case;  but  nlllioiigh  Benianl  has 
fouiifl  iir  Homo  instnnci's  a  nfll-iiKirketl  soiisibilitj  in  this  nerve,  and  in 
otiieri*  only  a  very  inUiHtiuct  oiif,  it  is  not  |x>s3ible  to  say  with  certJuntT 
iii>on  wluit  s|>uciiil  conilitiuiia  the  difference  depends.  As  a  general 
rule,  the  pneuniogastric  nerve  is  decidedly  deficient  in  that  kind  of  sen- 
siliility  whii-b  iiroibicfs  pain;  and  we  know  that  the  organs  to  which  it 
is  distributed  htive  but  little  appreciiition  of  tactile  impressions.  Never- 
tijele.ss,  tiiere  is  almndant  evidence  that  this  nerve  is  endowed,  in  its 
various  divisions,  with  sensibility  of  a  pt'culiiir  kin<l,  and  one  which  is  of 
the  bigliest  importance  ibr  the  <lue  {►erlormance  of  the  vital  funetioos. 

Connrcfwn  with  ifi>-  Jwoivnu-nCs  of  lifxpiration, — The  most  iraport.int 
enduwiivent  of  the  pneunuigastric  nerve  ia  undoubtedly  that  by  which  it 
is  connected  with  the  reflex  movements  of  expiuision  and  coUapee  of 
the  cJK-ist  in  respiration.  Its  influence  in  this  respei-t  is  at  once  made 
evi<k'nt  by  thi-  ri'sulls  which  follow  the  division  of  both  nerves  in  tht'ir 
course  throuj-h  the  neck.  This  niny  be  readily  done  in  adult  dogs  by 
ethcriziup  the  animal  and  exposing  the  nerves  in  the  middle  of  the  nei*k 
during  the  contiiiufincc  of  insensibility.  After  llie  etherization  baa 
passed  off,  and  the  circulation  and  respiration  are  restore<l  to  a  quies- 
cent conditiim,  both  nerves  may  be  simultaneously  divided,  and  tlie 
effects  of  the  operation  observed. 

After  the  nerves  have  been  divided,  and  the  slight  disturbance  wiiicii 
inimedirttely  follows  their  scctjiui  hiis  suiiHideil,  the  momt  striking  chanirc 
])ro(iuced  in  the  condition  of  the  animal  is  a  diminitihid  J'j-equency  i 
the  niiivemeiiiH  cj'  riKjiiraiion.  The  respirations  sometimes  fall  at  oncie 
to  ten  or  fifteen  per  minute,  becoming,  in  an  hour  or  two,  still  further 
reduced.  Ibspirution  ia  jMrfoinu'd  inwily  and  tpiietly ;  and  the  Mtumnl, 
jf  undisturbed,  remains  usually  crouched  in  a  corner,  without  any  ij*- 
cial  sign  of  discomfort.  If  he  he  ai'ousetl  and  coini)elled  to  move,  the 
frequency  of  respiration  is  temporarily  augmented ;  but  as  soon  as  he 
i*  again  qtiifl,  it  returns  to  it?*  former  slandurd.  By  the  second  or 
third  <1ny  the  rcs|iiratiou3  are  often  r«.Hlured  to  five,  four,  or  even  three 
]ier  minute;  when  the  animal  usually  appears  very  sluggish,  and  ia 
roused  with  diUiculty  from  his  inactive  condition.  Respiration  is  also 
jierformed  in  a  |)eculiar  munuer.  The  movement  of  inspiration  is  slow, 
easy,  and  tiilcnt,  occupying  never;)]  seconds  in  Us  accomplishment; 
while  that  of  expiralion  is  sudden  and  audible,  and  is  accompauicd  by 
a  well  marktHl  dfurt,  which  has,  to  some  extent,  a  ccmvulsive  character. 
The  intercostal  spaces  sink  iiiwanl  during  llie  lifting  of  ihe  ribs;  an<t. 
the  whole  inovcmetit  of  respiration  has  an  appearance  of  insufficiency, 
as  if  the  hmgs  wt-re  nt>t  thoroughly  fille<l  wiih  air.  This  is  nndoubtediy 
owing  to  a  jH'culiar  alteration  in  the  pulmonary  texture,  which  baa  b; 
this  time  already  coinmeneed. 

l)eatU  takes  place  from  one  to  six  days  after  the  operation, according 
to  the  age  and  strength  of  the  animal.  The  only  marked  symptoma 
which  .accompany  it  are  a  f-teady  failure  of  the  respiration,  with  Jucrc 
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ing  sluggishnee!?.  There  are  no  convulsion*,  uor  any  evidences  of  pain. 
After  «lei«tli  the  tungs  are  fouml  in  a  jneulinr  stnte  of  KotttlificHliuu, 
They  are  not  swollen,  but  ratlier  ajjpear  snialler  than  natural.  They 
are  of  a  dark  purple  color,  leathery,  aji*l  renititing  to  the  touch,  destitute 
of  crepitation,  and  iiilillr.iti'<l  with  blood.  Pieces  of  the  lung  cut  out 
sink  in  water.  The  i»lfiiial  surtaces,  at  the  banie  lime,  are  bright  and 
polished,  an<l  their  cavity  contains  no  elfusion  or  exudation.  The  lungs 
are  simply  eiigorgeil  with  blood,  and,  to  a  greater  or  less  extent,  enipt}- 
of  air;  their  tibsue  having  niKlcrgone  no  other  alteration. 

These  [ilienoniena  poiiit  to  the  pneuningnstric  nerves  as  the  main 
channels  through  whicli  the  stimulus  which  excites  the  movements  of 
respiration  is  conveyed  uiward  to  the  medulla  oblongata.  Respiration 
i.s  a  reflex  act,  consisting,  like  other  nervous  manilestations  of  a  similar 
character,  of  two  diirerent  i-leuieiits;  iKiuiely,  first,  iin  uiipression  con- 
veyed from  withctut  inwanl  by  a  KcnKilive  nerve  to  the  appropriate 
nervous  centre •  and,  secondly,  of  a  motor  impulse  transuiitliid  thence 
through  motor  ner\'es  to  the  nmacular  apparatus,  lint  by  dividing  the 
pnenniogastric  nerves  in  the  nei-k,  neither  the  intcrcnstul  muscles  nor 
the  iliaphragin  are  paralyzed.  The  muscular  ap|i!irat.U9  which  etfects 
the  expHiision  of  the  lungs  remains  untouched,  and  3'et  the  movements 
of  respiration  become  gradmilly  slower  until  they  cease  altogether.  At 
the  same  time  the  rlisturbiuice  of  respiration,  under  these  circumstances, 
although  sufllcient  to  produce  dealii  after  a  short  interval,  is  not  accom- 
])anied  by  any  a(»parent  sense  of  sutfocation.  The  retarded  breathing, 
and  the  consequent  im|>erfect  aeration  of  the  blood,  are  not  felt  by  the 
aniniid,  and  he  accordingly  makes  no  attempt  to  comjienaate  for  them 
b}"  voluntary  effort. 

In  dividing  the  pnenmogastric  nerves,  therefore,  it  is  not  the  motor, 
but  the  sensitive  elenient  in  the  reBex  act  of  res])iration  which  is  inter- 
fereil  with.  The  exi>eriments  of  Waller  and  I'revost'  show  conclusively 
that  this  i**  the  part  |ierf(>rnied  by  the  nerves  in  question.  In  these 
exjieriments  the  pneumogastric  nerve  was  exposetl  in  the  living  dog, 
and  divided  in  Its  course  down  the  neck;  after  which,  galvanization  of 
Its  central  exlrt  ndty  produced  a  succession  of  forcible  inspirations  and 
expirations, expelling  the  air  ihrongh  the  trachea  with  an  audible  sound. 
The  respiraloiy  impulse,  therefore,  is  propagated  ihrongh  the  pneu- 
mogastric  nerve  in  a  ceutriiietii],  not  in  a  centrifugal  direction.  The 
impression  which  normally  «jriginate8  in  the  lungs,  and  is  thence  con- 
veyed  through  these  nerves  to  tlie  medidla  olilcmgnta,  prtwluces  in  the 
nervous  centre,  though  nn|)erceived  as  a  conscious  sensation,  the  stimu- 
lus which  culls  into  activity  the  muscles  of  respiration.  Jf  this  impres- 
sion be  not  at  uitee  satisfiwi  by  filling  the  lungs  with  nir,  it  increases  in 
intensity,  and  if  tlie  breath  be  vidnntarily  suspended  or  fore;ibly  tAt- 
structed,  the  impression  soon  becomes  perceptible  as  a  sensation  sf 
distress,  or  "  demand  for  breath,"  which  reacts  upon  the  entire  system 


>  ArchiTes  de  I'hysiolugie  nonnale  el  pathologique.     Paris,  1870,  p.  190. 
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)n  the  otluM-  hantl,if  the  piK'HinogastrJc  nerves  be  cut  off. the  customary 
fmpi'esijiuii  is.  no  longer  ciuivej-ed  from  iLe  lungs  to  the  ineiiulln,  ami 
the  movements  ol*  respiration  areconsuqiientlv  retanied.  The  imperfect 
aeration  ot'  tkie  litouil  thus  indui-ei]  reuctM  iit  turn  upon  the  medulla^  a* 
well  as  upon  the  other  nervdiiH  ceutrea,  lUminisiiing  its  sensiliility,  awl 
rendering  it  le.ss  able  to  respond  to  imjiresslons  of  any  kind.  Thus  tbc 
ditlieullv,  wliieh  consists  iu  a  want  of  the  nervous  reaction  necessanr 
for  resjuration,  ineroases  from  hour  to  hour,  the  breathing  l>eeome8  eou- 
stantly  mure  iiuperf'ect  .nml  8luiigisl],and  at  last  ceases  altogether.  The 
alteration  in  the  tissue  of  the  lungs,  their  engorgement  and  solidifica- 
tion, <idd  to  the  difficulty  in  aeration  of  the  blood,  and  probably  have, 
at  last,  a  considerable  share  m  prwlueing  the  fatal  result. 

It  is  evident,  huwever,  tiuit  the  piieumogastric  nerves,  Hllbough  the 
principal  means  for  conveying  to  the  medulla  the  stimulus  for  respira- 
tion, are  n<jt  the  only  ones.  If  they  were  so,  respiraiion  would  stop 
iiiataiitly  after  section  ol'  these  nerves,  as  it  does  aflt.'r  destruction  of  the 
medulla  itsell".  The  liiiigs  are,  no  doulit.  esjiecially  sensitive  to  the  want 
of  oxygen  und  uceuniulatiou  of  carbonic  acid  in  the  blood  ;  iuid  the 
nervous  impression  thus  produced  is  aceonlingly  first  felt  ia  them, 
ThcR'  is  reason  to  believe  that  all  the  vascular  organs  are  mr>re  or  ie*« 
capable  of  originating  this*  impression,  nud  that  all  the  sensitive  De-rve» 
are  capable,  to  some  extent,  of  truufiinitling  it.  Although  the  tir«i  Ai^ 
agreeable  sensation,  on  holiling  the  breath,  makes  itself  fell  in  the 
lungs,  yet  if  w^e  persist  in  suspending  respiration,  the  fiH?ling  of  ilis- 
comlbrt  soon  spreads  to  other  parts  ;  and  at  lust,  when  the  aecumuLa- 
tion  of  carbonic  acid  has  Itecome  excessive,  all  parts  of  the  Ixyly  are 
pervaded  by  a  general  feeling  of  distress.  It  is  easy,  therefore,  to  under- 
fitand  wlij-  res|>initioi)  should  be*  retarded,  after  section  of  the  pneunif)- 
gfthlrtcs,  since  the  chief  source  of  the  stimulus  to  respiration  is  cut  off; 
hut  tiie  movements  still  go  on.  though  more  slowly  than  before,  because 
the  other  sensitive  nerves,  which  continue  to  act,  are  in  some  measure 
capable  of  conveying  a  similar  impression. 

In  onler  that  the  movements  of  respiration  should  go  on  with  Uk* 
reijuisite  iVeciueru-y  to  uiainlain  the  aeration  of  the  blood,  it  is  oeees^ary 
that  the  pnennuigastric  nerves,  which  are  especially  endowetl  with  this  J 
kind  of  sensibility,  retain  their  integrity  as  nervous  conductors  bi-lwoen 
the  lungs  and  the  medulla  oblongata.  In  this  function,  tliej*  act  alt<H 
gether  as  sensitive  ner\'es ;  while  the  nuiseles  of  respiration  receive 
their  reflex  motor  stimulus  by  way  of  the  spinal  nerves. 

Connection  ivith  (he  RcHpira/ory  Movemrnt«  of  the  Giotti9,-—'fUf 
respiratory  movfuients  of  the  glottis,  already  descrilKnl  in  a  fortnrr 
ehapier  ([>.  277)  are  essential  parts  of  the  mi+clianism  of  respiration. 
They  consist  in  the  active  o[>ening  of  the  glottis  in  inspiration,  foliowod 
by  its  partial  coUnpst?  at  the  time  of  expirsition.  The  o]>cning  of  the 
glottis,  whteb  is  reipiisite  for  the  free  adniissirtn  of  air  into  the  trachen, 
isell'eeted  by  the  action  nf  the  posterior  erico-nrytenoul  muscles.  Thette 
muscles,  in  contracting,  rotate  the  arytenoid  cartilages  outward,  and 
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litis  Heparate  the  vocnl  chords  from  euch  other  und  largely  increase  the 
transverse  Oiumetcr  of  tJie  orifice  of  the  giottie.  WJien  thyy  rt-lax  at 
the  time  of  rxpiiatiou,  the  arytenoid  cmtilanes  return  to  thuir  Ibrmfir 
position,  iiml  theopetiitig  of  llu*  glottiw  is  ngnm  iinrruwetl  by  lfi«  piissive 
ajtproxitnatioii  of  thL-  vocal  eliui'ils.  As  tbe  luuvi-ineiits  ol"  exfiaiisioii 
are  a<  i-oinplisliL'd  by  tbe  action  of  tlie  luryiigt'iii  muscles,  tliey  depeiid 
u]>on  the  induenee  of  the  pueuiuogastric  nerve  and  its  inferior  laryngeal 
branch. 

Both  the  movements  of  the  gl(»ltia  in  respiration  an<1  their  dependence 
upon  nervoti.s  inHiii-nce  may  be  seen  in  the  dopr  by  mcnns  of  an  ojjertition 
which  coneistH  in  miiktu^  a  diseectiuii  along  the  side  of  the  ne<*k,  in 
such  a  way  as  to  exftose  the  pharynx  und  a  cousideraitte  [X)rtion  of  the 
ifsojiliagns.  The  superior  laiyiigeal  nerve  on  thnt  side  \h  neeetisiirily 
cut  across,  but  the  inferior  biryngeal,  as  well  as  the  trunk  of  tlie  pneu- 
tnogastric,  are  leil  uninjured.  By  a  loi>g(tudiiial  iiu-ii^ion  through  the 
pharynx  and  ces'tjiliiigus,  tlu-  upper  and  |)otttenor  surfsices  of  the  larynx 
are  then  exj>oj*ed,  anrl,  notwithstainling  the  previuus  ili\ision  of  the 
Buiierior  laryngeal  nerve,  the  alleinale  uioveineuts  of  expansion  and 
collapse  of  the  glottis  are  seen  going  on  iti  their  natural  ijrder,  and 
keeping  pace  with  the  corresponding  respiratcry  nioventents  of  the 
chest.  If  now  the  inferior  laryngeal  nerve  be  divided  n|)on  either  the 
right  or  the  left  side,  the  vueal  chord  nf  that  wiile  becomes  inotlotdess^ 
■while  that  of  the  o|>positc  aide  continues  to  move  aa  liefore.  If  the  re* 
inainiiig  laryngeal  nerve  be  dividetl,  all  movements  of  ♦■xpnnsion  in  the 
vocal  chords  instantly  cease;  and  the  same  etfect  is  i>rodueed  by  Hertioli 
of  huth  pnenniogastric  nerves  in  tiie  miildle  of  the  neck,  since  the  in- 
ferior laryngeal^  are  given  otfas  branched  lielow  tliat  point. 

If  the  section  of  both  pneumogastrie  nerves,  or  of  their  inferior  laryn- 
geal branches,  lie  made  simultaneously  under  these  circumstances  wliile 
the  breathing  is  tolerably  rnpid,  the  injurious  etlect  of  laryngeal  paralysis 
upon  respiration  at  once  becomes  manifest.  Both  vocal  chorils  lieing 
then  <leprived  of  the  active  control  of  their  muscles,  the  bonlers  of  the 
rinia  glotlidis  are  loft  in  a  c<m<Htif)i»  of  passive  tlexibility.  They  have 
not  only  lost  the  ]>ower  of  separatirvg  from  each  other  anil  tluis  opening 
the  glottis  at  the  time  of  inspirsttion,  but  they  are  also  drawn  dowuwanl 
and  inward  by  the  current  of  air  passing  into  the  trachea,  and  thus,  like 
a  double  meinbrauous  valve,  they  occlude  more  or  less  completely  the 
orifice  of  tlje  lilottis,  ami  offer  a  physical  obstacle  to  the  free  entrance 
of  the  air.  In  very  young  animals,  where  there  is  but  little  rigidity  of 
the  laryngeal  cartilages,  the  occlusion  of  the  glottis  thus  produced  after 
section  of  the  inferior  laryngeal  nerves,  may  lie  so  complete  as  to  produce 
immediate  death  by  sull'oealion  ;  in  ndidt  atjiinals  the  ot*c|i|siori  is  nnlv 
partial,  but  is  still  stitlicieiit  to  diminish  perceptibly  the  caj»acity  of  res- 
piration. 

The  natural  mnvempnts  of  the  glottis  in  breathing  are  therefore 
reversi'il  after  section  of  the  inferior  laryngeal  nerves.  Before  tliis 
operation,  in  the  normal  condition,  the  glottis  is  opene^l  at  inspiration 
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and  collapses  in  expirnliuii;  nfter  the  section  of  tlie  iterve&,it  is  tar- 
iovfe(\  iti  ijispiratioti  iuiti  |»a8si\Tly  opened  iu  expirntion  by  the  forcibJf 
expiilfiiori  oT  tlic  air.  'riie  olti-'fts  thus  iiifuluccnJ  on  the  glottis  by  chviiMon 
t>f  till'  iiifcriur  lufviigt'al  nerves,  me  tin-  satnu  with  those  which  take  pIao> 
ill  the  nostrils  aller  ill  vision  of  the  I'acial  nerves.  Jtoth  these  seta  of 
movenietita  are  connecteti  with  ihe  mechanis^m  of  respiration,  a4id  IwUi] 
ure  iiifliiL'iKU'd  in  a  similar  iiiaimei'  by  division  of  their  motor  nenr«^ 

As  the  laryngeal  niiiseli.s  are  UL-ei's.sttrily  paralyzed  b}'  divisiun  of  tb«j 
ymenmogastric  nerves  in  the  middle  of  the  ueck,  the  effeets  of  this  mu»-| 
iHilar   paralysis  are  necessarily  added  tn  those  which   result  from  io-j 
lerniptiun  of  the  sensitive  function  of  the  pneiimogastrie  branches  iui 
llie  luntrs.     Jn  very  joinig  animals,  as  inentionf<l  alcove,  the  effects  dw? 
simply  to  laryngi-al  paralysis  are  more  marked  than  \n  adults;  •ml  in 
order  to  determine  tlie  extent  of  its  infiiience  upon  the  longs  we  htn 
perfunned  a  comparative  experiment,  in  the  following   ntHiiDer.     Two 
pupa  Were  taken  Ixdoiig^infT^  to  the  same  litter,  and  of  the  same  size  ami 
vigt^r,  about  two  weeks  old.     In  one  of  them  {No.  1)  a  suction  was  m-vlr 
of  hoth  pneumngastric  nerves  in  tlie  middle  of  the  neck;  in  the  otlwr 
(No.  2),  tliu  inferior  laryngeal  nerves  only  were  divided,  the  pnc-umngii»<j 
ti'iea  being  h-iX  unlouelied.     In  No.  1,  tlierefore,  the  natural  stimulus  to 
reR[iirati<iii  was  diniinislied  at  the  same  time  that  tlie  nniselcs  of  lJi« 
larynx  were  paralyzed  ;  in  No.  2,  there  was  laryngeal  paralysis  alone, 
the  Beusibility  to  tlie  demand  for  respiration  reuiaining  the  sarae.     For 
the  first  few  seeonds  after  llie  openittoii  there  was  hut  little  different*  in 
the  eomlition  of  the  two  animal.>i,  the  larynnfeal  symptoius  being  inosl^ 
promiui-nt  in  both.     There  was  the  same  obstruetion  at  the  gUittis  owtD| 
to  paralysis  of  the  laryngeal  museles,  the  same  dilllcnlty  of  iuspiratioo^ 
and  the  same  frothitifj  at  the  nnnilh.     Very  soon,  h<iwever,  in  No.  1,  thtl 
respiratory  muveiiieiits  In't-ame  quiescent,  and  at  the  same   time   mud! I 
reduced  in  frequency,  falling  to  ten,  eight,  and  five  respirntions  p»| 
iiiinute,  as  usual  alter  seetton  of  the  pneumogastrica ;   while  in  No.  9 
the  respiration  continued  frequent  as  wtdl  as  laborious,  and  the  general 
.signs  of  agitation  and  disconifurt  wi-re  ki-pt  iqt  for  one  t>r  two  hours,  aAer 
which  tiicre  followed  dimitiished  excitability  of  the  nervous  centres,  and  ^^ 
the  animal  became  exhausted,  cool,  and  partially  insensible,  like  lba^| 
other-     They  both  died  between  thirty  and  forty  lionrs  after  the  ojieni-      ■ 
tion.     Oil  jMtnt-inortf^iit  iiisfiuetiou   it   was  fouud   that  eongestif»n  and 
Bolidifloatiou  of  the  lungs  existol  to  a  similar  extent  In  each  inst.-uice;| 
and  the  only  apprwiahle  dit1'er<nice  between  the  two  Ixxlies  was  that 
No.  t  the  hlood  was  c(»ngnlated,  and  the  abdnmiiial  organs  natural,' 
in  No.  )i  the  bloi>d  was  Hind  and  the  alxlominal  organs  eongeatwl.     Thl 
alteration  in  the  tissue  of  the  lungs,  then-fore,  after  the  pneuraog.astrie 
nerves  have  been  <hvide<l,  is  not  a  direct  etTect,  proiUiced  by  cutting  oti 
llie  influenec  of  these  nerves  upon  the  pulmonary  tissue,  but  result 
indirectly  from  the  diminished  activity  of  respiration  and   itu|jerl! 
aeration  of  the  blood. 


THE    PNEUMOGABTRIC. 


565 


Protection  of  Ihe  GhUitt/rom  the  Intrusion  of  Foreign  Substance.n. — 
The  influence  of  the  pneuniogastric  nerve  in  tlie  larynx  is  not  conflneil 
to  its  motor  action  ii|>oti  tlie  inuscleH ;  it  also  siipplieH,  liy  its  superior 
larvngenl  brauffi,  u  iieeulinr  sensibility  to  tjje  niiicouH  meuilinine  oC  these 
parts,  which  in  essentijil  tor  the  protection  of  tlie  res|Mratnrv  passnge!'. 
In  the  first  place,  it  stiuida  aa  a  sort  or  guaril,  or  sentinel,  at  tlie  entraui'e 
of  the  larynx,  to  prevent  the  iutrusioii  of  foreign  substnnees.  If  a  tirumb 
of  bread  full  within  the  ar^  teiio-eiiiglottidean  ftjihls,  or  t>n  the  edges  of 
the  voenl  ehonlst,  or  upon  llje  posli-rior  .siiri'iife  of  tlie  epiglottis,  the 
»en!*ibility  of  the  parts  excites  an  ex|llli^ive  t-oiigli,  by  whicli  the  foreign 
body  18  di*iodge«l.  The  itnpreasiou  receiveil  aiul  conveyed  inwani  by 
the  sensitive  fll)res  of  the  superior  laryitgeal  nerve,  is  reflected  upon  the 
exjHrntory  inusoles  of  the  cliest  mid  alKlonieu,  by  which  the  movements 
of  coughing  are  accomplished.  Toucliixig  tlie  nliove  parts  with  the  point 
of  a  needle,  or  pincliing  them  with  the  blades  of  a  forceps,  will  produce 
the  same  etfect.  This  reaction  is  dependent  on  the  seusibility  of  the 
laryngeal  mucous  niembrane  ;  «nd  it  cnn  no  longer  he  prtwluced  alter 
section  of  the  superior  laryngeal  l>raticli  of  the  pneUmngaHtric  ner^•e. 

Connection  lafh  the  Fumuidoit  of  (In-  Vuite. — In  addition  to  its  func- 
tion in  the  mechanism  of  respiration,  the  larynx  Is  also  an  organ  for 
the  prtrtliiction  of  vocal  sounds.  The  f()rmation  of  the  voice  can  be 
stuciied  in  the  lower  aniiuiits  by  exposing  the  Inrynx  and  glottis  in  the 
manner  descril>e<l  above,  and  in  man  by  the  use  of  the  ^ffrj/ngrosco^e  ; 
that  is,  a  small  mirror  held  at  a  suitable  angle  at  the  back  of  the  pharj'nx 
in  such  a  way  as  to  reflect  a  more  or  less  complete  view  of  the  laryngeal 
oriOcc,  The  first  iniporliint  fad  to  l>e  observed  in  this  respect  is  that 
tlie  voice  is  formed  always  in  ex|)iration,  never  in  inspiration.  It  is 
the  column  of  outgoing  air  which  is  set  in  vibration  to  produce  a  vocal 
sound,  and  wliieh  continues  and  mcMlifles  its  resonance  while  passing 
through  the  pharynx,  mouth,  and  nasal  passages.  Secondly",  it  requires 
an  active  tension  and  close  npprnxiniation  tjf  Ihe  vocal  chords,  bo  that 
the  oritice  of  the  glottis  is  narrowed  to  a  compivratiAX'ly  minute  crevice. 
So  long  as  the  vocal  chorda  ]ireaerve  their  relaxed  conrlition  during 
expiration,  notliing  is  heard  except  tlie  faint  whisper  of  the  air  passing 
through  the  cavity  of  the  larynx.  When  a  vocal  sf)un<I,  however,  is  to 
l>e  produced,  the  chords  are  suddenly  made  tense  ami  applied  closely  to 
each  other,  thus  diminishing  considerably  the  diameter  of  the  orifice; 
and  the  air,  rlriveii  Ity  forcible  expiration  through  the  glottis,  in  passing 
l»ctween  the  vibrating  vocal  chords,  is  itself  thrown  into  vibrations  wliicli 
pro<luce  the  soiintl  reipiiretl.  The  tone,  pitch,  and  intensity  of  this  sound 
vary  with  the  conformation  of  the  larynx,  the  degree  of  tension  and 
approximation  of  the  vocal  chords,  and  the  force  of  expiration.  The 
narrower  the  opening  of  the  glottis,  and  the  greater  the  tension  of  the 
chords,  the  more  acute  the  sonmi ;  while  a  wider  o|)ening  and  a  less 
degree  of  tension  produce  a  graver  note.  The  qiunlity  of  the  sound  is 
also  mollified  by  the  length  of  the  column  of  air  mctudetl  between  the 
glottis  and  the  uionth,  the  tense  or  relaxed  condition  of  the  walls  of  tlie 
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phurynx  onrt  ffiuces,  ami  the  state  of  dr^oess  or  moisture  of  the  mi 
racMiil)rn.nf  lining  lite  passages. 

Till-  iictti.il  t'ormatioii  nf  the  voice,  or  the  production  of  aonoruoi 
vibrations,  takca  placf,  tlierefore,  exclusively  iu  the  larynx ;  whi 
articuUitioii,  <jr  tlii'  division  of  the  vocal  sound  iuio  worilt*  and  phra»c«^ 
by  vowele  aiui  cotiHomitits,  is  accomplistieil  liy  the  ai«i  of  ihe  lij.*, 
tuiigiitr,  tffth,  and  palate.  ConsfCpK-iitly,  iHvisioij  of  the  piteuiuoi^tp 
trie  nerve  or  of  its  inferior  laryngeal  braufh  on  both  sides,  by  para- 
lyzing the  mtiocles  of  the  larynx  which  serve  to  approximate  and  extend' 
tla-  vut':il  chorrls,  produces  HOioiig  its  other  etfects  a  loss  of  voie*,  Furw; 
tljerraore,  as  the  two  fuiietions  of  vofali/ii(ion  and  arlicuJ:ttioo  nrt 
aeconipJished  by  diatinet  nervous  and  mnseidar  actions,  they  may  ht 
dermigeil  independently  of  eacii  otlier,  by  injury  or  disease  of  diHcrent 
]>arts  of  tiie  nervous  system.  That  <>i'  nrticulalitvn  is  regulated  by  th» 
aelion  of  tiie  facial  and  liypnglossul  nerves;  wiiile  vouolizution  ia  uadvr 
the  control  of  the  pneiiniugastilc. 

Cvnne.clivn  with  Deglutition. — The  reflex  act  of  deglutition,  which 
commences  in  the  fauces  and  pharynx  under  the  control  of  the  glo^so- 
pharyngeal  nerve,  is  continoed  and  e(tm[ileted  by  the  lower  portion  of 
the  pharynx  and  tin-  tnbe  of  the  a'sojiltagiis.  These  parts  receive  both 
their  Bcnsitive  and  motor  filaments  exclusively  from  the  pneumogastrir 
nerve,  and  it  is  under  its  InQuencc  that  the  food,  once  started  upon  it* 
downward  [lassagiv  is  conducted  by  ttie  peristaltic  action  of  the  osaopit' 
agus  into  the  stomach. 

The  inferior  constrictor  muscle  of  the  phar3'nx  and  the  cervical  po; 
ti4)n  of  the  cesophagiis  both  receive  filaments  from  the  inferior  lflrYnf;:eaI 
tierve ;  while  the  thoracic  portion  of  the  uesophagns  is  supplie<.l  entirely 
Of  mi  the  trunk  of  the  pnenmogastric.  Some  fibres  are  also  sent  to  the 
inferior  constnctor  of  tlie  jjliarynx  by  the  superior  laryngeal  nervtu 
iJcglnlition,  therefore,  lieconies  incomplete,  as  shown  by  the  experiment* 
of  liemanl  upon  dogs,  horses,  ntid  rabliits,  by  division  of  the  pneuroo- 
gastric  nerves  in  the  middle  of  the  neck.  The  rnasticate<l  food  is  still 
conveyed,  by  the  action  of  the  pliarjnx,  from  the  fauces  into  tlM 
resophagus ;  but  here  it  acoumulates,  dirstending  the  inert  walls  of  the 
paralysed  canal,  antl  finding  its  way  into  the  stomach  only  in  stoall 
ipiantities  and  l>y  the  imperfect  effect  of  comjiressiou  from  al>ovr.  la 
the  natural  condition,  the  process  of  swallowing  is  a  connected  seriv* 
of  rapidly  succeeding  contractions,  beginnirtg  at  the  fauces  and  eudinj 
at  the  cardiac  orifice  of  the  stomach.  Evich  ])ortion  of  the  mueuus 
membrane  receives  in  turn  a  etirnulns  from  the  contact  of  the  food, 
which  is  followeil  by  excitement  of  the  corresponding  muscles  ;  so  thai 
the  alimentary  mass  is  carried  rapidly  from  above  downwartl  by  an 
action  which  is  rellex  iu  character  and  iudepcn<lent  of  voluntary  control. 
Section  of  the  pnenmogastric  nerves  destroys  at  once  setisibilitv  wid 
motive  power  in  the  whole  of  the  cesophagus,  and  thus  interferes  with 
comi>lete  deglutition. 

There  i&  no  doubt  that  the  sensitive  nerves  of  the  oeaophageal  mucous 
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nifmbnitje  take  thi'ir  shart-  in  exciting  the  motion  of  its  Tniispiil.ar  coal. 
Tlie  general  senfiiliilit)'  of  tliis  canal,  liowt'vei'j  is  very  slight,  as  com- 
pared with  Ibf  parts  iilMivf,  Htui  is  nr>t  usually  siifiieieiit  to  cause  a 
jHTceptiltle  iniprt'ssicfti  iVutn  the  luocl  in  the  net  ol"  wwatlowiijg.  Its 
luHscuIar  contraction  takes  place,  a»  a  general  rule,  without  any  effect 
on  the  consciousness;  mid  it  is  only  when  the  ft>ix\  is  very  eoM  or  very 
Ijot,  or  when  it  contains  pungent  or  irritating  ingredients,  that  its 
passage  throiipiili  the  msophugus  proiluces  a  distinct  Kcnsation. 

It  Rppenry  that  the  tihunents  of  the  sii|ierior  laryngeal  nerve,  di^ 
trihuted  aliout  the  anterior  surface  of  the  epiglottis  and  horders  of  the 
larynx,  take  an  active  [tai-t  in  exciting  the  mo^'craents  of  deghitition. 
Ill  the  c.v|n'rinient»  of  WaHer  aiul  1'revo.st  on  dogs  and  cats,  galvaniza- 
tion of  the  superior  laryngeal  nerve  prtKlueed,  in  many  repeated  trials, 
rhytliiiiical  movements  of  deglntition,  consisting  of  cnntraction  of  the 
pharynx  and  elevalion  of  the  larj-nx,  followed  by  peristaltic  motion  of 
tlie  wlmle  length  of  the  (C90|diagiis.  All  the  bcusitive  fibres  of  the 
pneumogastric,  therefore,  distributed  to  the  |»artM  Concerned  in  the  onl 
of  swallowing,  undoubtedly  assist  in  exciting  the  necessary  muscular 
contractions. 

Protedivn  of  the  Olnftiff  in  the  act  of  Deglutition. — As  the  larynx 
coninmnicatcs,  liy  its  superior  orifice,  directly*  with  the  cavity  of  the  pha- 
rynx, and  as  all  soLi<ls  and  liquids,  in  the  act  of  swallowing,  necessarily 
j>ass  over  its  surface,  p<jrtif*ns  of  the  food  woidd  Ikj  constantly  liable  to 
find  their  way  tlirongh  the  rinia  glottidis  into  the  respiratory  passages, 
unless  there  were  some  provision  against  it.  The  epiglottis,  which 
stands  in  front  of  the  glottis  in  a  nearly  (ijjright  position,  and  which 
shuts  down  over  its  orifice  like  a  cover  when  the  hase  of  the  tongue  is 
drawn  hack  at  the  time  of  deglntition,  might  seem  lo  be  adapted  to 
secure  protection  in  this  respect 

Experience  shows,  however,  that  the  epiglottis  is  not  essential  for 
the  safety  of  the  glottis  in  deglutition.  Tlie  entire  organ  may  Ix;  cut 
ot!"  in  dogs,  as  we  have  verified  Ity  repeated  experiments,  without  any  dif- 
ficulty l>eing  afterward  exhibited  liy  the  animal  in  swallowing  either 
liquid  or  solid  food  The  epiglottis,  furthermore,  is  an  organ  which 
exists  only  in  mammalians,  being  absent  in  all  (he  remaining  classes  of 
vertebrate  aninials.  In  birds  especially,  the  orifice  of  the  glottis  can  ho 
readily  seen  on  opening  the  beak,  unprotected  by  anything  similar  lo 
an  epiglottis,  and  performing  the  alternate  movements  of  expansion 
and  collapse  connected  with  respiration.  Finally,  the  existence  of  the 
e|nglotlis  in  man  does  not  prevent  foreign  substances  from  passing  into 
the  glottis  whenever  the  uther  conditions  of  normal  deglutition  are  sus- 
pended or  disturl»ed  The  protection  of  the  glottis  against  the  entrance 
of  soli<l  or  liquid  Uhx\  does  not  depend  upon  a  mechanical  obstacle,  but- 
npon  a  definite  association  of  nervous  acts. 

The  first  requisite  for  the  act  of  swallowing  is  the  suxpfitition  of  respi- 
ration. This  takes  place,  at  the  beginning  of  <leglntition,  by  a  nervous 
influence  which  it  is  difficult  to  describe,  but  which  may  be  designated 
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as  an  "action  of  arrest."  'I'he  satnc  nervous  impression  which  eiciUs 
by  rt'flfx  action  the  constrictors  of  tlie  pharynx^  suspends  for  a  tmii' 
the  nioveiueuts  of  iuBpiratioii.  Tbis  eflect  is  very  perceptible  to  ihe 
onJinar^' act  of  nwallowiiig^ainl  w?.a  witnessed  by  Waller  and  Prtvoslin 
nmity  of  tiit-ir  expeniucnta  on  this  subject ;  galvanization  of  the  ccttUsl 
extix'uiity  uf  the  superioi'  htryiigeul  nerve  causing  immeiiiate  relaxatioo 
of  the  <]iaj)liragni,  with  sto[>i)iigu  of  its  movementa. 

The  ett'ert  of  Ihe  arrest  of  breathing  u[)on  the  glottis  is  to  prevent  the 
customary  opening  of  its  orilice  at  the  time  of  inspiration.     As  the  ni 
iratory  movements  of  tlie  glottis  are  coincident  with  those  of  tliecbc* 

d  are  excited  and  maintnined  by  the  same  nervous  inQneiice,  tii 
Impression  which  puts  a  stop  to  one  suspends  the  other  also.  The  pi<i 
tis  consequently,  not  being  o|»enL'd  at  the  time  the  food  enter*  tbc* 
phftrynx,  its  liability  to  admit  any  portion  of  the  aliiuenUnry  ni4«»  '» 
much  diiuitiished  by  the  mere  fact  uf  its  passive  condition.  But  Ihu. 
condition  furtliermore  allows  the  rima  glottidis  to  be  completely  ck 
by  the  oonhnclioiT  of  the  inferior  constrictor  of  the  phar^-nx,  the  ino 
active  muscle  in  tlie  «|)[>ar!itn3  of  ileglutitiun ;  since  the  fibres  of  chit 
muscle  are  attached  laterally  to  the  external  surface  and  free  Ijordc 
of  the  tliyioid  cartilage,  and  thus  compress  the  larynx  on  both  side*: 
the  moment  the  food  is  carried  downvvar<1  by  their  contractiotL  Iti 
by  this  means  alone  that  the  glottis  i^  ]>rolected  in  biixls  and  in  othe 
animals  where  the  epiglottis  is  wanting,  and  it  is  also  the  essential 
of  the  same  process  in  man  and  in  mammalians. 

The  accident  in  which  food  or  foreign  substances  sometimes 
access  to  the  larynx  is  always  produced  by  a  sudden  attempt  at 
apiration.  This,  which  cannot  t«kc  place  during  deglutition  in  Uic 
ordinary  condition  of  the  nervous  system,  may  nevertheless  be  produced 
in  many  instances  by  itn  tHK'S|H.'cteil  shock  or  excitement,  which  disturh* 
momentarily  the  harmnnii)us  co-ordination  of  the  reflex  actions.  Any 
fiuddon  impression  produces  in  general,  as  its  first  etfecl,  a  8pa&ino«iic 
movement  of  inspiration  ;  and  if  this  take  place  while  food  is  contaiiied 
in  the  piiarynx,  a  portion  of  it  almost  ncces8aril3-  passes  in,  together 
with  the  current  of  air,  through  the  widely  open  orifice  of  the  glotliu. 

Conncclion  with  tht^  Slomaik  and  Stomach  Digf»tion. — The  etfcrt 
produced  upon  the  etomach  an<l  digestion  by  division  of  the  pneumo- 
gastric  nen'o  shows  that  its  influence  upon  this  organ  is  ia  the  main 
similar  to  that  which  it  exerts  on  tlie  cesophagus ;  that  is,  it  confers  uD 
its  mucous  memlirane  a  certain  sensibility  to  the  presence  of  food,  »n<| 
provides  for  the  peristaltic  action  of  its  nnuscular  coaL  ^ftcr  exper 
mental  section  of  both  pneumogastric  nerves  in  the  region  of  the  ncck,| 
the  sensation*  of  hunger  and  thrrst  remain;  the  animals  often  exhibitir 
a  desire  for  food  and  drink,  and  &onietinies  taking  it  in  consideral>l 
quantity,  although  little,  if  any,  reaches  the  stomach,  owing  to  tl 
paralysis  of  the  muscular  waits  of  the  a^sophagus.  In  the  experiment 
of  Bernard  on  dogs,  the  secretion  of  gastric  juice  was  sus|)ended  after 
this  operation,  and  food  introduced  into  the  stomach  through  a  ga&irtc 
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»tula  remained  umligested.  But  Longet  has  found  tliat  if  food  be 
itrodiiCL'd  iinrk'r  tbesi-  circumstances  hi  snuill  quantity,  it  inny  cause 
le  secrutiuji  of  gusliic  juice,  aiul  may  Ite  tiiiHlly  digested  ami  absorbed, 
["hese  result;!  iudictite  tiiat  tlie  t'uucLiuiis  of  secretion  and  digeBtion  in 
the  8tomacli  are  not  inunediatvly  undfi'  tl)e  cuulrol  of  tlic  pncnmogastric 
niTvc,  but  that  tliey  lieconie  deranged  after  its  section  and  practically 
BU8|)endetl,  owiug  to  the  itniirect  influence  of  other  causes. 

On  tile  other  hand,  the  nuiHoiilar  contraeiions  of  the  orpan  and  the 
8en>«it«ility  of  its  luucoi^s  weuibranc  are  bc^tb  directly  alMjlinhetl  by 
division  of  iht;  ptu-umojiastrics.  According  to  the  observations  of 
Bernard,  the  linger,  intriMluecl  into  the  cavity  of  the  stoniacii  through 
a  gastric  fistula  in  the  dog,  is  compressed  with  considerable  force  by 
the  walls  of  the  orgtin ;  but  tliis  pressure  disappears  completely  if  the 
j>neuniog;ustric  nerves  l»e  divided.  The  absence  of  muscular  |)ower  in 
the  paralyzed  stomach  is  of  itself  sufficient  to  account  for  the  failure 
of  digestion  whou  the  influence  of  these  nerves  has  been  cut  otf.  The 
peristaltic  action  of  the  organ  is  essentiall  to  the  digestive  process,  in 
order  to  bring  successive  portions  of  the  TikkI  in  contact  with  its  mu- 
cous niemhrant',  and  to  cause  the  intimate  admixture  of  the  gastric 
jsiice  with  all  parts  of  the  alimentary  mass.  The  natural  movement 
and  agitation  of  the  food,  by  tl»e  action  of  the  muscular  coat,  is  no 
doubt,  also,  an  impoitaut  stimulus  to  the  continued  secretion  of  tlic 
gastric  juii« ;  and  when  it  no  longer  t;tkes  place,  the  dige3ti%'e  flui<l  will 
necessarily  be  supplied  in  smaller  quantity.  It  is  evident,  therefore, 
that  the  pneumogastric  nerves  Bupply  to  the  walls  of  the  stomach  a 
certain  amount  of  sensjliility  and  a  motor  power,  which  are  practicoliy 
essential  to  the  process  of  digestion. 

Influence  on  the  Action  of  the  Heart. — The  pneumogastrio  nerve,  as 
already  shown,  gives  off  a  number  of  filaments  wbieh  are  dostined  for 
the  cardiac  plexus,  and  ultimately  for  distribution  in  the  substance  of 
the  heart.  One  or  two  of  these  filaments  cfmu;  frum  the  6ui>erior 
laryngeal  branch  of  tlie  pneumogastrie,  and  immediately  join  tlie  upf>er 
cardiac  nerve  derived  from  the  superior  cervical  ganglion  of  the  sympa- 
thetic. Several  others  are  furnished  by  the  main  trunk  of  the  pneumo- 
ga-stric  in  tlie  neck,  which  inosculate  with  each  other  and  with  tlie  con- 
tinuation of  the  upper  canliac  nerve.  The  inferior  laryngeal  branch,  in 
its  reasceoding  course  through  the  lower  part  of  the  neck,  supplies  so 
many  inoscuhiting  filaments  to  the  same  |ik'xus  of  cardiac  nerves  that, 
according  to  Cruveilhier,  it  ap]H'ars  in  some  instances  to  be  distributed 
In  almost  equal  pruportiorts  to  the  larynx  and  la  the  heart.  Finally 
other  small  branches  are  8up|)licd  b}'  the  pneumogastrie  in  the  cavity 
of  the  chest,  which  lose  themselves  at  once  in  the  canliac  plexus  projier, 
beneath  the  arch  of  the  aorta.  AW  the  filaments,  accordingly,  which 
are  finally  clistrilnited  to  the  heart  through  the  cardiac  plexus,  originate 
from  the  sympathetic  nn«l  the  pr.oiiniogastnc  nerves;  and  the  entire 
group  is  clinracteriKcd  by  the  fn-qur-nt  and  intimate  admixture  of  the 
fibres  derived  from  these  two  sources.  A  considerable  proportion  of 
SI 
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tlie  cardine  fllaraents  arPj  tlierefore,  made  up  of  fibres  origiually  belong- 
ing to  Ihc  pneuniogastric  nerve. 

The  efftjct  protlufcd  upon  the  heart's  action  by  irritating  the  pocuRKv- 
gastric  in  tlie  reirion  of  tiie  neck  is  precisely  the  opposite  to  that  usuaIIv 
caueed  by  irriUitini^  the  ncrvx-s  geioj^  tu  a  muscular  organ.  This  tifiert 
may  l"e  seen  l)y  optninj^  thu  ciiest,  :uid  exposing  the  heart  to  view,  at  ihr 
same  time  that  the  ptveumogastric  uervea  are  sepamteU  from  their  oou- 
nectioiis  iu  the  neck  for  a  suMleient  distance  to  apply  to  thum  the  pul« 
of  a  galvano  ch'ctric  appsiratiis.  in  the  cuhl-bloodiMl  atiimaU,  as  the 
frog  or  the  lurtle,  aa  other  precatition  is  r«K]uired;  in  tlic  dog  soJ 
other  warni-bIoo<led  species,  artificial  respiration  must  be  mnintainei 
by  the  nozzle  of  a  bellows  inserted  in  the  tracheiu 

When  a  galvano-elcctric  current  ti!"  moderate  strengtii  is  applied  to 
the  piieumogastric  neivcs  prepared  in  this  way,  the  cardiac  pulsationg 
are  reduced  in  frequency;  and  if  the  current  be  increased  in  strength, 
the  hoiirt's  action  stops  altogether,  and  remains  suspended  so  long  u 
the  stiinuliis  eontiiiucs  to  lie  jiiiplieii  to  the  nerve.  When  the  galvani- 
iatiou  ccase-s,  the  canliac  ptilstitifuis  rcconimcnce;  and  the  saioe  thing 
may  be  repeate<l  for  an  indefinite  number  of  successive  trials. 

There  are  two  important  facts  to  be  noted  in  regard  to  these  effect* 
of  irritating  the  pncumogastric: 

1.  \\'h('n  the  heart  censes  its  movements  under  the  galvanization  of 
the  nerves,  its  walls  are  not  in  a  contracted  condition,  but  in  a  state  of 
relaxation.  Neither  are  its  cavities  distended  with  blood  ;  but  the  orgia 
sjmiily  remains  quiescent,  lying  at  rest  without  any  indication  of  mus- 
cular ni-tivity. 

2.  If  the  pneumogastric  nerves  be  divided  at  their  point  of  oxi>osiire 
in  the  middle  of  the  neck,  and  if  the  central  extremities  be  galvanized, 
no  efft'ct  is  prnducttil  ii|uin  the  heart.  But  if  the  stimulus  be  appli*."*!  tu 
their  pertphera!  extremities,  the  above  phenomena  are  repro«1uce<l,  the 
heart  remaining  flaccid  so  long  as  the  galvanization  is  continue<l.  The 
effect  in  question,  therefore,  is  not  due  to  reflex  action,  but  to  a  direct 
influence  conveyed  through  the  pneumogastric  filaments  to  the  muscu- 
lar substance  of  the  heart.  This  c^nclusiun  is  fully  conHrmed  by  the 
fact  that  a  similar  retardation  or  stoppage  of  the  cardiac  pulsations  is 
caused  in  frogs  and  turtles  by  galvanization  of  the  mc<lulla  oblongata 
itself,  the  ])neiiinogn9tric  nerves  renmlniiig  entire;  l>ut  if  the  nerves  l»e 
previously  divided,  no  such  effect  in  produced.  On  the  other  liaixl, 
division  of  the  pneumogastric  nerves,  or  sudden  destruction  of  th« 
medulla  oblongata,  causes  increased  rapidity  of  the  cardiac  pulsations. 
Section  of  these  nerves,  accortlingly,  in  the  wnrm-blooded  animals,  prO" 
duces  opposite  effects  u[)on  the  rcsjnration  and  the  [unlsc,  one  being 
accelerated  and  the  other  retarded.  According  to  Heriiard.  thcM 
effects,  though  opposite  in  direction,  are  produced  in  simil.ir  propor- 
tions; 80  that,  if  the  respirations  are  diminished  one-half,  the  cardiao 
pulsations  are  iticreased  to  double  their  former  frecpiency*  Thus  when 
the  influence  of  the  pneumogastric  nerve  is  cut  off,  the  motions   of  th« 
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heart  increase  in  rapidity,  when  it   is  Btimulated,  tliey  experience  a 
rebirdatiuii. 

'I'liis  intliifuce,  exerted  u\)ou  the  heart  by  the  pneumogastric  nerve,  is 
of  tlie  peculiar  kind  known  as  tlie  "action  of  arrest."  Sucii  a  power 
certainly  exists  in  the  nervous  syatem,  tliongli  its  nature  is  nut  easy 
of  explanatiun.  Aii  inslaaee  of  it  has  already  been  given  iu  the  fact, 
observed  by  Waller  and  Prevost,  of  8M»pcnaion  of  the  movL-monta  of 
the  fliiiphragin  l>y  galvaniximj;  the  trunk  of  the  superior  hir^-ngeal  nerve. 
The  iiatiirn!  stoppage  of  re.spinition  in  the  act  of  swallowing,  and  the 
relaxation  of  the  sphincters  preliminary  to  the  evacuation  of  the  rectum 
and  the  bhidder,  are  etrfCtetl  by  nervous  influences  of  a  similar  kind. 
There  are  evidently  nervous  libres  which  transmit  their  stimulus  tji- 
rectly  to  the  mnscles,  and  which,  in  this  resjH;ct,  belong  to  the  category 
of  motor  nerves;  but  whicli,  when  called  into  activity,  instead  of  ex> 
citing  muscular  contraction,  serve  to  moderate  or  even  8U8|>end  it.  The 
most  pal])alile  instance  of  tins  nuxle  id'  action  is  that  of  the  piieumogas- 
tric  nerves  in  their  relation  with  the  heart ;  but  there  is  evidence  that 
it  occurs,  Id  a  more  obscure  manner^  in  various  other  parts  of  the 
nervous  system. 

Eleventh  Fair.    The  Spinal  Accessory. 

This  nerve,  which  has  received  its  name  from  the  singularity  of  its 
origin  and  subsequent  course,  consists  of  filaraetits  which  emerge  from 
the  side  of  the  cervical  [uirtion  of  the  spinal  cord,  from  the  level  of  the 
fourth  or  fifth  cervical  nerve  npwani  (Fig-  179,4).  These  frlaments 
unite  into  a  slender,  rounded  ooni,  which  ascenda  in  a  vertical  direction 
between  the  anterior  and  [josterior  roots  of  the  cervical  spinal  nerves, 
gradually  incn-aaing  in  aizr  from  the  addition  tA'  new  root  fibres  from 
the  spinal  cord,  to  the  level  of  the  foramen  miignum,  where  it  enters  the 
craniiU  cavity.  Here  it  receives  a  new  supply  of  .accessory  root  fibres 
from  the  side  of  the  medulla  <»blon<rata,  which  emerge  in  a  continuoaa 
line  with  those  »f  the  ])neumogastrtc  nerve.  The  nerve  trunk,  thus  con- 
stituted by  the  union  of  its  spinal  and  its  raoduUnry  roots,  joins  the 
pneumogastric  and  glossopharyngeal  nerves  in  their  passage  through 
the  jugular  foramen. 

The  central  origin  of  the  root  flbres  of  this  nerve  is  a  collection  of 
nerve  cells  situated  iu  tiic  ujiper  portion  of  the  spinnl  con!  and  the  cora- 
raencement  of  tlie  medulla  oblongata,  on  the  outer  and  posterior  as[)ect  of 
the  anterior  horn  of  gray  matter.  In  the  remainder  of  the  medulla,  this 
nucleus  is  situated  farther  backward,  receding  frotn  front  to  rear  with 
the  rest  of  the  gray  matter  in  this  |»art  of  the  nervous  centres.  At  its 
anterior  extremity,  it  l>eeomes  continuous  with  the  nucleus  of  the  pneu- 
mogastric. From  the  gray  matter  of  its  nucleus,  the  fibres  of  the  spinal 
accessory  nerve  curve  downward  and  outwanl  until  they  emerge,  as 
above  mentioned,  in  a  series  of  buiuUes,  from  the  lateral  surface  of  the 
medulla. 

While  passing  through  the  foramen  lacerum^  the  spinal  accessory 
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mc8  adherent  exlernolly  to  the  jugular  ganglion  of  tho  pneumog&fr 
tritr.  but  without  takin-j;  any  part  in  ha  lormutiun,  except  by  ftiruishmg 
one  Of  two  sinalJ  filamt;ivts  of  comiuunication.  Immetliat«Uy  up<ja  iu 
exit  from  the  I'oratni'ii  it  divides  into  two  main  branches;  oamdy,  l*t. 
the  intfrnal^  or  aunstuiuolic  brauch,  whk-h  joins  the  trunk  of  the  pocu- 
mogastric  and  becomes  more  or  leas  intimately  blcuded  with  it,  and 
2tlly,  the  external^  or  muscular  branch,  whicli  passes  dowowftfd  and 
otitwanl  and  is  dintributed  to  the  t»turno-ma»toid  and  tra])exiua  muscloi 
According  to  many  different  obaervers  (Beniard,  Cruveilhier,  H«nk, 
Longet)  the  internal  or  anastomotic  branch  is  made  up  of  nerve  Abrea 
coining  from  t\ni  rucduila  oblongata;  the  external  or  muscular  bran^ 
coiHists  of  those  originating  from  the  s])inal  cnr<l. 

The  spinal  accessory  is  without  question  a  motor  nerve.  Acconling 
to  the  experiments  of  Longet  on  dogs,  its  mechanical  irritation  in  tiic 
cranial  cavity  doea  not  give  rise  to  sisins  of  pain,  an<l  nltliough  Bern 
foiinil  evitk'nces  of  Bensibility  on  galvanizing  the  uninjured  nerve 
the  same  situation,  if  it  were  liivided  and  the  irritation  apjilied  to  it* 
central  exireiait3'  no  inilicalions  of  sensibility  were  raaoifest.  On  the 
other  hnnd  its  (ihres  may  be  traced  in  great  part  tlirectly  to  tUeir  tcrtni- 
nation  in  muscular  tissues,  and  its  thvision  or  evulsion  induces  eirecU 
which  consist  exclusively  in  loss  of  nmtive  power. 

The  most  complete  methotl  of  experimenting  upon  the  effects  pi 
duced  by  destructiou  of  this  nerve  la  that  first  adopteil  by  Birruant,' 
namely,  its  evulsion.  For  this  (jiirposo,  the  muscular  branch  of  tit* 
nerve  is  followed  by  dissection  from  without  to  its  i»oint  of  cinergeiHK 
from  the  jugular  canal,  where  it  se|>aiates  from  the  anastomotic  brand 
The  combined  trunk  is  then  seized  between  the  blades  of  a  forceps,  m 
by  a  steady  and  continuous  traction  the  whole  of  the  nervp,  with  boi 
its  medtdlary  and  spinal  roots,  may  Iw  separated  from  their  cent 
attachments  and  extracted  entire.  By  appropriate  variations  of  the  p 
cedure,  either  the  merluDary  portion  with  the  anastomatic  branch,  or 
cervical  portion  with  the  external  branch,  may  lie  taken  away  &e|)aral«?l 
and  the  comparative  effects  of  the  two  operations  observetl.  But  wh 
the  entire  trunk  is  extracted  as  above,  the  source  of  the  fibres  destia 
botli  for  anastomosis  with  the  pneumogastric,  and  for  the  muiicu. 
braneh  of  the  norve,  is  ilcstroyed  at  llie  same  lime. 

The  most  striking  eflects  of  this  operation  are  due  to  paralysis  of 
{nterna!  or  anastomotic  branch.  It  is  this  branch  which  supplies  to  tlie 
pneiimogastric  nerve  a  large  share  of  its  motor  filires;  and  those  esp*" 
cially  which  form  the  pharyngeal  branch  of  the  pneumogastric  nerve,  nxt 
shown  by  dissection  to  be  derived  frnm  (he  anastomotic  branch  of  ll 
8]>inat  accessory,  Acconling  to  Cruvcilhier,  the  pharyngeal  filament 
sometimes  given  off  exclusively  from  the  anastomotic  branch  of  ll 
spinal  accessory,  sometimes  partly  from  this  branch  and  jiartly  from  I 
pneumogastric  itself.  Beyond  tho  jdiaryngeal  branch,  the  fibres  of 
pneumogastric  nerve  derived  from  the  spinal  accessory  can  no  I 
be  followed  with  certainty  by  means  of  dissection ;  but  the  resnlta  of 
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experiment  show  tliat  tlit-y  nre  finally  distributetl,  through  the  inTerior 
laryngeal  brnuch,  to  the  muscles  of  the  laryujc,  where  they  preside  over 
its  actions  as  a  vocal  orgtiiv. 

After  the  8|jjnal  accessory  nerve  has  been  torn  away  on  both  sidea  In 
the  manriL"!'  above  described,  the  most  notlcealile  result  is  a  Iokh  of 
power  tv  produce  vocal  isoundn.  The  other  uiovementa  of  the  larynx 
arc  not  interfirretl  with.  K8|>ecially  those  of  respiration  go  on  in  a  natu- 
ral manner.  But  the  voice  is  completely  lost,  as  much  so  as  if  the  infe- 
rior laryngeal  nerves,  or  the  pneumogiistric  trunks  tliemsi-lves,  hatl  heen 
divided.  Tlic  dilference  between  the  iwo  cases,  tiowever,  is  very  impoi- 
tiuit.  Section  of  the  pueumogustrics,  or  of  their  inferior  laryngeal 
branches,  paralyzes  at  once  all  the  muvemenls  of  tlie  glottis,  those  of 
reepiratiun  ns  well  as  those  of  [ihonation  ;  sitice  tbt-su  tiervea  contain  all 
the  motor  fibres  distributed  to  the  l:iry«ix,  excejtt  tlinse  of  the  crico-thy- 
roid  muscles.  On  the  other  band,  sec^tion  or  evulsion  of  the  spinal 
accessory  nerves  paralyzes  tlie  movemenli*  of  phonation  alone,  namely, 
those  in  which  the  V(x-al  chords  are  a|>pioxiniateil  :ind  the  rima  glottidia 
narroweil,  while  it  leaves  untouclKvl  the  movements  of  respiration,  in 
which  the  vocal  chonia  are  separated  and  the  rima  glottidis  opened. 

Thus  the  muacular  apparatus  of  the  larynx,  which  is  destined  to  per- 
form scpaiati'ly  two  distinct  fnnctions,  is  supplied  with  motor  nerves 
from  two  different  sources.  Tliose  which  preside  over  the  |>roduction 
of  vocal  sounds  originate  exclusively  from  the  spinni  accessory;  those 
which  excite  the  movements  of  respiration  are  derive<l  from  the  other 
motor  nerves  (facial,  hyjMjglossal,  cervical)  which  also  inosculate  with 
the  jinemnogastrics. 

The  special  function  of  the  external  or  muscular  branch  of  the  spinal 
accessory  nerve  is  not  so  fully  umlerstooil.  The  sterno-mastoid  and 
trajx^zius  muscles,  to  which  its  fibres  are  distributed,  also  reci-ive  fila- 
ments from  the  cervical  spinal  nerves ;  and  they  still  retain  the  power 
of  motion  after  division  or  evulsion  of  the  spinnl  nccessory  on  both 
sides.  The  sterno-mastoid  and  trapezius  muscles  have  no  such  |>eculiar 
and  easily  recognizable  mode  of  action  as  that  of  tlie  larj'ux  in  the  for- 
mation of  the  voice;  uml  consequently  it  Las  not  been  easy  to  distin- 
guish with  certainty  what  s[tccial  movement  of  these  muscles  is  para- 
lyzed by  division  of  the  spinal  accessory,  and  what  remains  unaffected. 
The  most  plausible  conclusions  are  those  derived  by  BemanI  fnjm 
continued  observation  of  animals  prejserved  for  some  time  after  the 
division  of  these  nerves. 

According  to  this  explanation,  the  fibres  of  the  external  branch  of 
the  spinal  accessory,  like  those  of  the  internal  brnnch,  perforin  a  func- 
tion which  is  antagonistic  to  the  movements  of  respiration.  Respira- 
tion is  naturally  suspended  in  all  steady  and  prolonged  muscular  efforts. 
In  the  acts  of  straining,  lilting,  [lUshing,  and  the  like,  respiration  eea.ses, 
the  spinal  column  is  nuule  rigid,  and  the  head  and  neck  ore  placed  in  a 
fixed  posiliou  large!}-  by  the  aid  of  the  stcnio-mastoid  ami  trape:dus 
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muscles.  Siicli  eflbrts  cannot  be  oiatle  with  success  if  the  inunclrt  In 
question  are  jmrulyzed.  In  ibe  lower  imituals,  aocunliiig  to  tbe  ol«cr- 
vations  of  Bernard,  lliey  also  take  part  in  the  pro<luctiou  of  »  cry,  of 
l)rolonge<l  vuca!  souiiil.  If  the  outire  spinal  accessory  be  destroyed,  w 
already  shown,  tlit  vokv  is  completely  abolitibed  by  loss  of  puw«r  in 
tin.'  laryngeal  muscles.  Jf  tbc  i."xtennd  branch  alone  be  divide«l,  tL«f 
animal  can  .still  protluce  a  sound  iu  the  larynx;  but  this  Bound  c-annoi 
be  piolonpcil  into  a  cry,  and  the  voice  is  confined  in  duration  to  ibe 
onrmary  length  of  an  fXj»iiatoiy  movement.  Although  the  aniuisis 
furtberinore,  are  not  apparently  inconveuieueed  by  this  operation  so 
long  as  they  remain  quiet,  any  increased  exertion^  as  in  running  or 
leaping,  causes  a  want  of  harmony  between  the  niovcntents  of  reitpira- 
tiun  and  those  of  the  limbs,  which  results  iu  unusual  shortness}  of 
brenth. 

The  Bterno-mnKtoid  and  trapezius  muscles,  like  those  of  the  larru, 
are  therefore  animalwl  by  two  sets  of  motor  nerve  fibres.  One  »U 
cominy  from  the  cervical  spinal  nerves,  provides  for  all  tbe  morerornts 
connected  willi  ordinary  clumges  of  attitu<le  and  locomotion;  Ux 
ol lid's,  derived  from  the  spinal  accessory,  supply  the  requisite  atimulut 
for  continuous  muscular  exertion,  or  for  a  prolonged  vocul  souucL 

Twelfth  Fair.    The  Hypoglossal. 

The  hypoglossal  nerve,  the  motor  nerve  of  the  Inngne,  einergiee  ftwi 
the  anterior  part  of  the  tncilulla  oblongata  by  a  linear  series  of  ten  or 
twelve  slender  filaments  in  the  fuirow  between  the  outer  edge  of  tie 
anterior  jiyramitls  and  the  rouude<l  jmjjection  of  the  olivary  boliclj 
(Fip.  179,,',).  Tlie  vertical  line  along  wliieh  these  filaraents  make  ihiMrj 
appearance  corrosjionds  exactly  with  the  line  of  oris^in  of  the  anterior 
roots  of  the  cervical  spinal  nerves  Wlow  ;  and  the  whole  external  aspect 
of  their  anatomical  relations  resembles  that  of  a  motor  nerve  root. 

The   central   origin   of   the   hyitoglossal    root   fliires,    accortiing  to 
Clarke,  l)ean,  KoUiker,  Henle,  and  Meynert,  is  a  nucleus  of  gray  mattcri 
situated  at  tlie  posterior  part  of  the  methilla  oblongata  next  the  nie<1Liii 
line,  .it  the  inferior  extremity  of  the  fourth  ventricle.     This  collection  of 
gray  matter  has  an  elon;iated,  irreguhirly  cylindrical  form,  extending] 
longitudinidly  from  about  the  level  of  the  divergence  of  tbe  posteriori 
columns  upward  and  forward  to  that  of  the  auditor}'  nucleus.     It  iu 
therefore,  jisirallel  in  its  jwisitton  with  the  spinal  accessory  and  pneumo] 
gastric  nuclei,   but  situated   Itetwecn   tlioni    and  the  median    line,     iaj 
transverse  sections  of  the  meilulla,  made  successively  from  lielow  uj 
ward,  this  nucleus  is  first  seen  (Fig.   ISO)  to  bo  place<l   immediat«^ly1 
about  the  central  canal,  which  is  already  approaching  the  posterior  aui^l 
face  of  the  medulla  ;  and   tin-  mots  of  the  nerve  run  in   a  curvilinear 
course  downvvnrd  and  outward  to  their  point  of  emergence. 

Above  this  point,  after  the  central  canal  has  openetl  into  the  carityj 
of  the  fourth  ventricle  (Fig.  181),  tlie  hypologlossnl  nucleus  has  itself 
receded  quite  to  the  posterior  surface  of  the  niedullu,  where  it  occuf 
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nuelriifi  — Ge.  Ci'ntral  cnnnl.  H.  Bnphr.  N'o.  Olirnr}'  ducIpus.  NIi.  Nucleui  of  the  hypo- 
glosiAl  nrrve,     XH'.  Hypoglo***!  nerve  rooti.     Mngnlfletl  8  illnmetorB.    iHenle.) 

at  this  part,  passing  for  some  rlistBiice  in  a  nearly  vertical  plan?,  and 
th«m  curling  oiitwHrii,  to  rpiioh  the  furrow  between  the  olivary  bodies 
an<l  tiie  anterior  |»yrftmi(ls,  where  they  i-morpe. 

Ihirinp  Hie  pasange  of  the  hypogl(J8.snl  nerve  rfK)ts  throngh  the  medulla 
oblongata,  tliey  pass  along  the  surface  of  the  olivarj- niiclens,  lietween  it 
and  the  niitertor  j)yrjimid,  and  in  great  measure  between  ihefohlsor 
even  through  the  sidistnnce  of  its  convolnted  wall.  It  is  shown  I»y 
Dean'  that  although  a  direct  continuity  cannot  be  made  out  between 
the  root  fibres  of  tlie  nerve  and  the  stellate  cells  of  the  olivar)'  nnelena, 
yet  prolongationa  of  the  cells  can  sometimea  be  traced  for  a  consider- 

'  Gray  Substance  of  ihe  Mrdolla  Oblongata  and  Trnpezium.  Washington, 
1864,  p.  36. 
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able  distance  upward  and  inward,  in  company  with  the  ner>'c  roots,  to 
ward  the  liypoglossnl  nucleus  ;  and  in  tbe  slievp,  tlie  tracts  of  fibres  con 
aecting  tlie  two  nuclei  aie  very  evident.    According  to  Ueale,  ia  smst 

Fig.  181. 
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TaiLiraTicniB    Scotioh   or  thk   Htkam    Mkdtlt.a    Odlosoata,  throur^ 
middle  of  tlie  liy[>oglogsi«l  nuclcui  itnd  the  oUvnry  body. — No.  Ollvnry  nucleus.     It.  i 
Ngl.  Nucleua  of  Ihe  gloiiaitharyngrnl   nprre.    Nv.  Nucleua  of  the  pnrumoKattri'- 
Nh.  Nucleui  of  tbe  hypoploMal  arrre.    IX.  Oloscophnrnygeal  orrve  roots.    XJX  Hjrpv.- .   ■ 
nerve  roota.    MFigntflefl  8  ilininetera.    (UpciIp.) 

transverse  sectiona  through  tiu^  iiilnm,  or  oppiiing  of  the  olivary 
(Fig.  183),  fibres  from  tlur  liyijoylossal  nerve  roots  mny  be  seen  bendl 
round  the  inner  liorder  of  the  nucleus  into  its  interior  ;  while  other  flbr 
emerge  in  a  correspondinp  manner  from  the  opposite  c<lge  of  tbe  hilt 
and  continue  onward,  with  the  main  root-binniles,  to  the  bypoglos 
nucleus.  A]tlioti<;h  the  details  of  minute  nnatonitcal  structure  in  tl»« 
parts  have  not  been  fnily  made  out,  it  in  evident  that  a  dose  relation  i 
Bome  kind  exists  between  the  gray  matter  of  the  olivary  bodies  ood 
Iiypoglossal  nucleus  and  roots. 
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*  deeussnting 
couipieuiiy  wiLU  eacu  otncr  inroiigii  lut  laiiuc,  ai  itie  luvei  of  the  nuclei. 
Acconlitig  to  both  Clarkt'  nn<i 
Dean,  on  the  other  hanrl,  a 
portion  of  the  fibres  of  etieh 
root  terminate  in  the  citrre- 
spfjnding  nueleun,  while  an- 
other portion  beiiel  inward 
and  cross  the  raphe  at  the 
meiliaii  line,  decttasnting  with 
those  of  the  o|ipositu  side. 
Heidc  de-scril)ea  a  few  thin 
LMiutUes  of  fibres  which  eon- 
nect  the  roots  of  the  ner\'e  on 
each  side,  at  tlieir  point  of 
emergence,  with  the  raphe  in 
front  of  the  medulla.  It  is 
certain  that  the  hyi)o<;lossal, 
like  the  other  cranial  nerves, 
hits,  in  some  way,  a  ccmnec- 
tion  Willi  the  o|ipo8ite  side  of 
the  brain  ;  since  cases  of  facinl 
paralysis  from  cerebral  hemor- 
rhage are  oftt-n  acctHiiiinnied  by  paralysis  of  the  tongue  on  the  same 
8i<le  with  that  of  the  face,  and  on  the  opposite  side  to  that  of  the  lesion. 
One  of  the  genio-hyo.glossal  muscles  having  lost  its  jwwer,  while  the 
other  remains  active,  if  the  patient  atti'mpt.-*  to  |<rotrude  the  tonyue  in 
such  cases,  its  point  U  deviated  toward  the  paralyzed  side. 

After  leaving  the  anterior  surface  of  the  medulla  oblongata  the  fibres 
of  the  hypoglossal  nerve  become  parallel  with  each  other,  and,  passing 
through  the  anterior  condyloid  foramen  of  the  occipital  bone,  emerge 
from  the  skull  in  the  form  of  a  cylintlrical  eonl.  Immediately  after 
esc:i[>ing  from  the  conrlyloid  foramen  it  presents  one  or  two  Itronehes 
of  iiioHCidation  with  the  iwieumogastric,  at  the  point  where  it  crosses  the 
track  of  this  nerve.  Aceonling  to  Cniveilhier,  the  dissection  of  the  partis, 
after  m.iceralion  in  dilute  nitric  acid,  shows  distinctly  that  this  inoscula- 
tion consists  of  fibres  which  leave  the  hy|«»glohsal  nerve  and  join  those 
of  the  pneumogastric,  rnnning  with  thcnri  in  a  |>eripheral  direction.  The 
hypoglossal  nerve  then  passes  downward,  nearly  to  the  level  of  the  hyoid 
bone,  where  it  curves  forward,  giving  Qhunents  to  the  styloglossal  and 
hynglosrtnl  muscles,  and  to  those  iinraedi.-itely  beneath  the  hyoid  bone; 
after  which  it  turns  upward,  peni'lrales  the  tongue  from  lielow,  inoscu- 
liites  by  two  or  three  filaments  with  the  lingual  branch  of  the  fifth  pair, 
an<l  is  finally  distributed  to  all  the  nniscles  of  the  stdistance  of  the 
tongue.  It,  therefore,  animates  not  ouly  the  lingual  muscles  proper^, 
but  also  those  which  draw  the  tongue  backward  ami  upward  (stylo* 
glossal),  aitj  backward  and  downwanl  (hyoglossal  and  infra-hyoid  mns- 
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cles).     Tlie  trunk  of  tlie  nerve  also  receives  commnnicating  fllnwwjtil 
I'roni  tlic  first  and  second  cervical  spinul  nerves,  which,  aucoriiiiig  toij 
Cruveilbier,  arc  filametita  of  reeiiforcenient,  accompanying  the  hy; 
glossal  nerve  towanl  its  peripheral  torminntion. 

PhyKtological  pri/j)i:T/ien  of  thtf  Hypi>f}lu»>(al  NrfOe. — Thetnotorchi 
ncler  of  the  hypiiglossjil  nerve  is  easily  est!iljli9he<l  by  the  results  which 
follow  its  irritation  and  division.  JC  the  net've  be  exposed  in  the  liring 
or  recently  killed  jininial  at  the  top  of  the  neck,  where  it  runs  pnrallel 
to  and  a  litlk-  abnve  the  hyoid  buiie,  pinching  or  wounding  its  fibrfH,  or 
the  npiilicntinn  of  the  galvsinic  stimulus,  |>ro«luee8  iinme<liatcly  convnl. 
sive  action  of  the  muscles  of  the  tongue.  The  same  eflfect  follows  if  the 
trunk  of  the  nerve  he  tUvided  at  this  point,  and  the  irritation  applied 
its  peripheral  extremity  ;  showing  tlint  the  contractions  thus  pnj<lnr 
are  nut  dnt'  to  reflex  action,  but  to  a  direct  stiiiinhis  conveyed  throng 
the  hypoglossal  nerve  to  the  muscular  fibres.  The  excitability  of 
nerve  i«  consequently  beyond  question.  Whether  it  possess  also  sn 
sensitive  fibres  of  its  own  is  nut  so  certain.  Lonpfet  obtained  in  lli! 
respect  only  nt^gativu  results;  the  division  of  the  filaments  of  origin 
the  nerve,  in  his  experimeuts  on  dogs,  through  the  space  between  ttl 
occiput  and  the  atlas,  nut  producing  perceptible  signs  of  pain.  Th 
trunk  of  tlie  Isypoglossal  nerve  outside  the  cranial  cavity,  certainly 
sesses  some  degree  of  seiisiljility,  according  to  the  testimony  of  nearly : 
experimenters  ;  but  this  is  regarded  as  derived,  like  that  of  other  molafl 
nerves,  from  inosculations  beyond  its  point  of  origin,  especially  from 
those  of  the  first  and  second  cervical  spinal  nerves  near  the  base  of 
the  skull,  and  from  branches  of  the  flfLh  [lair  near  its  terminal  distri- 
bution. Whatever  sensibility  it  mny  possess  is  destined  ojdy  for  tli|^| 
muscular  substance  of  the  tongue,  and  not  for  its  mucous  membranoy^ 
since,  in  the  first  place,  division  of  the  lingual  br.anch  of  the  filth  pair 
and  of  the  glossophiiryngeal  nerve  destroj-s  both  tactile  and  gustatory 
sensibility  over  the  whole  surface  of  the  tongue,  though  the  bypogl<n 
be  left  untouched  ;  and  secondly,  acconling  to  the  experiments  of  Lo« 
get,  after  tli vision  of  hoth  hyiwglossal  nerves  in  the  dog  the  surface 
the  tongue,  when  touched  with  the  [loint  of  a  needle,  evinces  its  ortlir 
tactile  sensibility,  the  applicati<ju  of  bitter  solutions  causes  signs  of  di| 
gust,  and  the  contnet  uf  foreign  liodies  at  the  base  of  the  organ  excit 
the  action  of  vomiting. 

The  distinct  and  uniform  result  of  section  of  both  hypoglossal  nervea 
is  a  loss  of  muscular  iwwer  in  the  whole  substance  of  the  tongue,  while 
its  tactile  and  gustatory  sensibilities  sire  preserved.     In  the  experiments 
of  Panizza,  confirmed  by  those  of  Longet,  the  animals  n]»nn  which  thi^H 
^operation  had  l>een  performed   were  unable  to  move  the  tongue  in  snj^| 
directionj  or  even  to  restore  it  to  its  natural  positifui  wlien  it  was  tumeil 
back, except  by  liauging  the  head  downward  and  shaking  it,  thus  alloi^^ 
ing  the  organ  to  fidl  furwanl  by  its  own  weight,  as  a  helpless  mass.     li^f 
the  movements  of  the  jawa,  which  were  not  interfered  with,  the  tongiM 
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was  liable  to  be  caught  between  Ibe  teeth  an<l  wountk-tl ;  nti  accident 
vkbk'h  evkltiitly  eaustd  sutrering  to  the  uuiinal,  ihua  showing  the  con- 
tiauetl  sensibility  of  the  paralyzed  organ. 

Connection  of  the  Ht/pixjlussal  Neroe  with  Mastication  and  Deglutir 
lion, — Although  the  moveiueuts  of  the  tongue  do  not  lake  a  direct  j)art 
in  masticaliui),  they  are  yet  of  essential  importance  to  its  nccoraplish- 
meiit,  liy  bringing  successive  portions  of  the  foo«i  between  the  teeth  and 
removing  Ihuse  which  hjive  already  uiidergoxie  trituration.  In  species 
wht-rt'  iiijuitls  are  ititruduci'd  into  the  numtb  by  the  act  of  lapping,  this 
movement  lu'comcs  also  iniiwssible  after  section  of  the  hyjioglossal 
nerves;  and  both  liquid  and  solid  food,  the  latter  already  ru<luce<l  to  a 
pul|>,  muHt  he  introtlucc-il  far  backward  into  the  fancea  in  order  to  allow 
of  their  deghitition.  The  natural  action  of  the  lingual  muscles  is  prac- 
tically of  so  much  importance  that,  according  to  Loligt't,  it  retiuires  a 
givat  expenditure  of  lime  and  patience^  in  animals  witli  paralysis  of  the 
tongue  fruin  division  of  the  hypoglossal  nerves,  to  sujiply  them  with 
Budicient  nourishment  f«ir  the  fiU[ipr.irt  of  life. 

Coniit^rlioti  of'  the  Ifi/j)i)(/l(.tM»sal  Nt^rve  ivilh  Arliriilation. — In  man, 
another  important  function  is  performed  by  the  timgue  as  a  muscular 
organ,  namely,  that  of  articidation<  As  the  lingual  mus<'lea  take  an 
in>|Kjrtunt  part  in  the  pronunciation  of  all  the  cunsonauts  except  the 
labials  (i,  nj,  //)  and  the  labiu-iteiitais  ( /,  i'},  as  well  as  in  tliat  of  the 
vowela  n,  e,  i,  and  y,  their  paralysis  will  necessarily  produce  a  nearly 
complete  incapacity  of  articulation,  in  man,  disease  or  injury  of  the 
hypoglossal  nerve  alone  is  a  rare  oceurrcncc,  and  is  almost  invariably 
confinud  to  one  side.  In  tiie  glosso-labiodarytigcal  paralysis,  desi-ribcd 
in  connectiou  with  the  functions  of  the  medulla  oblongata  (p.  610),  the 
disease  is  of  central  origin,  and  atlccts,  in  various  proportions,  other 
muscles  as  well  as  those  of  the  tongue.  Here,  however,  according  to 
llarmnond,  the  earliest  signs  of  imperfi-ct  action  show  themsulves  in  the 
lingual  muscles,  and  wliun  the  disease  is  ftdly  deveh^jwd  the  tongue 
becomes  completely  paralyzed,  and  nil  power  of  articulation  is  lost. 

The  hypoglossal  nerve,  accordingly,  though  one  of  the  simplest  of 
the  cranial  nerves  in  the  nature  of  its  physiological  endowments,  is 
essential  for  the  expression  of  ideas  by  articulate  language,  and  is  also 
important  as  an  aid  in  the  mastication  and  deglutition  of  the  food. 

Qent'ral  Arrangt'ment  and  Mode  nf  Oriijin  of  the  Cranial  Nfrves. — 
Notwithstanrliiig  the  apparent  irregularity  in  souive  and  distribution 
of  the  cranial  nerves,  as  compared  with  tlie  spinal,  an  exaiiiitiation  of 
their  interual  origin  shows  that  they  are  nrrangefl  on  a  iletlnite  |ilan, 
not  essentially  dissimilar  to  that  of  the  spinal  nerves.  The  difference 
between  tiiem  depends  otdy  upon  the  change<]  position  cf  *he  gray 
substance  in  the  medulla  otilongata  as  coropare<l  with  that  in  the  spinal 
cord.  When  the  central  canal  of  the  cord  oj»ens  Into  the  cavity^  of  the 
fourth  ventricle,  just  above  the  point  of  divergence  of  the  posterior 
columns,  the  gray  matter  surrounding  it  becomes  posterior  instead  of 
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central  in  its  position ;  what  cnnr 
ftpoiuls  to  tUe  puslerior  bums  uf 
gray  matter  in  the  curti  sprea<tiiig 
out  laterally,  and  what  corrvsjiotKis 
to  the  anterior  horns  following  the 
ccnti'ul  canal  as  it  rL*c€Hle»^  sivl  »l 
Inst  occupying  the  mirMIe  of  tb«? 
floor  of  the  fourth  vcntri<'le,  tivxl  ibe 
nuHlian  line.  All  the  gensitivc  and 
motor  cranial  nerves  lake  tbrir  gritiia 
frora  this  layer  of  gi-aj'  matter,  orlu 
continuation,  from  the  commenrv- 
uient  of  the  fourth  %'entricle  to  llie 
nqneiliict  of  Sylvius  beneath  the 
liLicnln  ijuailrigemina.  The  relntion 
of  oii|rin  between  the  motor  ami  »«-i 
sltive  nerve  roots  are  still  presenreil. 
Ill  tlie  spinal  cortl,  the  motor  rooti| 
originate  frtiin  tlie  anterior  boni«  i 
gray  matter,  the  sensitive  roots  rmm 
the  posterior  horns.  In  the  mei1ull& 
olil<<ngata  and  tulxT  annulare,  Uie 
nirelei  of  the  motor  crania>l  nertt» 
form  a  series  m^r  the  ine<linn  linejj 
those  of  the  sensitive  ner\e3 
phtccd  farllier  outward.  A  seriM  of 
sections  of  the  spinal  cord,  rocdullk 
oblongata,  and  tuber  annulare,  made 
in  succession  from  belnw  upwarl, 
s-how  thnt  the  collections  of  gray 
iimtter,  or  nuclei,  in  the  medull* 
ol^longata  and  tulior  annulare,  from  I 
wJiicU  the  different  motor  or  Renaitive| 
nervcH  take  their  origin,  are  not  con»»j 
ftlelely  disconnected  from  each  otl 
any  more  than  the  suci'cissive  porti< 
of  gray  matter  in  the  s])inal  cord]' 


I,  TruDtvcrBP  Section  of  the  Tuber  AnnuJure,  IhrnuRJi  the  lowrr  bnrdrr  of  lli^  pont  V»mlll. 
1.  Nuelput  of  ehe  r«ci«Un<J  »lMluoeD«  uerveii.    SL  Nue»eu»  of  the«udUory  nerv*.    F,  »* 
ncrvr.    Ab.  Abducent  nerve. 

IT.  Tmnnveme  «ecUon  of  the  medullx  nttTonsnta,  throuph  the  mMdlo  ofthe  olUwry 
»nd  ju»t  Hhnve  ihc  opentnu  of  the  cnntrnl  cunnl.  1.  H>  poKlo»»Al  ducIoub  3  Piirum<i 
uucleui.    H.  Hy|»ogli;>iiit«l  nerve.    Po,   Pr.fiimogaitrlc  nerve. 

HI.  Truniver**  lectlon  of  the  meiliilli,  through  the  lower  end  of  the  oU vary  botflMh 
Juit  below  the  opening  of  the  eentrni  rnnnl.     I.  HypoTlnotml  nucleus,    2.    Pa«lia«VM^>W 
nucleus.     H.  Hypof^loRsnl  nerve.     Pn.  Pneumoirnstrke  nerve. 

IV.  Tmnsverse  lectlnn  of  the  medulla,  through  the  deeuimtlon  of  the  Aotertar  pynaM*. 
Sp.  Splnitl  sccpssof  jr  nerve. 

V.  Trnnsveriie  section  of  the  tplokioon)  la  the  dorml  region.    »,»■  Anterior  nerre  roctk 
f,  p.  Posterior  nerve  rools. 
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but  at  certain  points,  tiie  gray  substance  takes  otf  a  special  degree  of 
development,  and  presents  an  abundant  collection  of  nerve  cells.  These 
collections  are  called  the  *'  nuclei"  of  the  nerves,  on  account  of  their 
evident  importance  as  |K>int8  of  origin  from  which  the  nerve  roots  can 
be  traced  to  their  points  of  emergence  at  the  base  of  the  brain.  The 
foregoing  diagram  shows  the  changes  in  external  form  of  tiie  cerebro- 
spinal axis,  and  in  the  position  of  its  gray  matter,  as  examined  at  differ- 
ent levels  in  the  cranium  and  spinal  canal. 
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nerves,  when  compared  with  the  certbro- 
spinal  system,  presents  anatomical  peculiarities  of  ari-angement  4U«I 
di^tri button  so  dtatinut  and  noticeable,  that  it  in  naturally  regarded  u 
occiiiiyini;  a  ])laee  by  itself.  The  slemk-r  (loubl«  cord  of  its  main  tninl« 
extemliiig  tliroiigluuit  the  grt-ut  i-avities  of  the  body,  tiie  niiinijer  ami 
scattered  positinn  of  its  ganglia,  wliieh  are  unite*!  with  each  other  ooiy 
by  filaments  of  email  size,  the  frequent  plexiform  arraDgemcnt  of  ita 
branehes,  an<l  tlic  distribution  of  its  tenninal  fibres  to  the  organs  of 
circulatiDn  ami  nutrition,  all  form  a  woll  niarkotl  group  of  ft-alurrt 
by  which  it  is  easily  reci>gulzeii.  But  uotwithstaniUng  tlie  j^eneral  im- 
portance of  tliesc  characters,  the  sympathetic  nerves  and  gang^lia  do  not 
constitute  a  8e|>arate  and  inde|)endei)t  nervous  system.  Neitlier  the 
minute  structure  of  their  auatoniical  elements,  nor  their  external  cod- 
neetions,  are  essentially  different  from  those  of  the  cerebrospinal  uerres 
niid  nervous  centres.  The  sympatlietic  trunks  and  brancliea  coataia 
medullaled  nerve  fibres  of  the  same  anatomical  character  as  those  of 
the  spinal  cord  and  its  nerves ;  and  its  ganglia  are  providdl  with  nerve 
cells  which  send  off  one  or  more  prolongations  in  the  form  of  nene 
Jibres.  The  main  i>eeuliarity  of  intimate  structure  in  the  .'iympatbetic 
nerve  fibres  ti>  that  tbey  are,  as  -a  rule,  of  small  diameter,  though  not 
smaller  than  the  average  of  those  in  the  cerebro-spinal  ner\'es.  Tbt' 
cells  of  the  sympathetic  are  also  generally  of  comparatively  small  siKs, 
never,  according  to  Kdlliker,  equalling  the  largest  of  those  in  the  grav 
substance  of  the  spinal  coni  or  the  brain  ;  and  they  are  also  chanuv 
terized  by  the  frequency  with  which  they  send  out  only  a  single  pn> 
longution,  thus  apparently  becoming  a  sou  ice  of  new  fliiros. 

But,  on  the  other  hand,  the  cerebro-spinal  system  contains  botb 
fibres  and  nerve  cells  of  small  as  well  as  large  size.  The  posterior  roots 
of  all  the  spinal  nerves  have  connected  with  them  ganglia  which  are 
similar  in  structure  to  those  of  the  sympathetic  system;  the  fibre* 
which  come  from  the  spinal  cord  simply  passing  through  them,  as 
shown  by  the  observations  of  Kcillikcr,  and  lieing  joined  by  other  fibres 
originating  from  the  graj'  matter  of  the  gangliun  itself.  The  same 
arrangement  exists  in  the  ganglia  of  the  cruninl  nerves,  as,  for  instance, 
in  the  (iasserian  ganglion  of  the  fifth  pair.  Thus  all  the  sensitive  and 
mixed  cerebro-spinal  nerves  contain  some  fibi'ea  of  ganglionic  origin,  in 
addition  to  those  derived  directly  from  the  brain  or  spina]  eonl. 
Furthermore,  all  the  sympathetic  ganglia  receive  filaments  of  coramiuii* 
(  5»2  ) 
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ration  from  the  eerebro-siiinal  nerves,  wbicb,  there  ia  every  reason  to 
believe,  consist  of  fibres  coming  from  the  brain  or  spinal  cord,  and  pass- 
Itig  thruiigh  the  ganglion  to  form  jmrt  of  the  |ierij)h»."rnl  Ijranches  of  the 
synifmUietic  system.  This  t-onclusiyn  is  drawn  not  only  from  the  fact 
that  irinny  of  these  fibres  eniinot  be  shown  by  microscopic  examination 
either  to  originate  or  terminate  in  the  subsianoe  of  the  ganglion,  Imt 
also  from  ihe  ])!iralyzing  effect  produced  upon  muscular  organs  supplied 
with  sympathetic  fibres,  by  division  of  the  cerebro-spinal  nerve  which 
communiciites  with  its  ganglion.  This  is  more  particularly  shown  by 
the  paralytjia  of  tlie  iii.s  fi>llo'(ving  division  of  tlie  oculomotorius  nerve, 
which  gives  a  motor  brunch  to  llie  ophthalnno  ganglion.  The  numerous 
branches  of  communicution  *sup[ilied  by  the  pneumogasstnc  nerve  to  the 
cardiac  branches  of  tiie  sjmpathetic,  and  to  the  cardiac  plexus  itself, 
atford  an  equally  striking  instance  of  the  same  kind. 

The  ganglia  seated  upon  the  spinal  and  cranial  nerve  roots  are  there- 
fore undoubtedly  analogous,  in  tlieir  anatotnical  relations,  with  the 
delacheti  ganglia  of  the  sympathetic  system  proper; , and  the  whole  of 
this  system  may  be  considered  as  made  np  of  a  set  of  nervous  centres 
disseminateil  tlirounb<nit  the  great  cavities  of  ibe  Inxly,  and  of  nervous 
filaments  which  both  receive  fibres  from  the  cerebro-spinal  centres,  and 
coinnnnncatc  by  some  of  tlieir  own  with  the  cerebro-spinal  nerves,  j  -All 
the  organs  in  the  body,  aceoniingly,  are  3U|>plied  with  fil»res  from  both 
sources;  the  difference  consisting  iti  the  proportiims  in  whicli  one  kind 
or  the  other  are  i)resent  in  particniar  parts.  Tlie  cerebro-spinal  nerves 
are  supplied  in  the  greatest  abundance,  and  manifest  their  most  striking 
properties,  in  tiie  organs  and  functions  of  animal  life  ;  those  of  the  sym- 
pathetic system  preponderate  in  the  organs  of  vegetative  life,  and  in 
their  influence  upon  the  functions  of  nutrition,  secretion,  and  growth. 

Anatomical  Arrangement  of  the  Sympathetic  Sy!*tem. — The  sympa- 
thetic system  consists  of  a  double  chain  of  nervous  ganglia,  running 
from  al>ove  ilownward  along  tlie  fnxjt  and  sides  of  the  spinal  eolnmn, 
and  oonnecUnl  with  each  other  by  longitudinal  filaments.  Each  gan- 
glion is  reenforced  by  motor  and  sensitive  fibres  from  tlje  cerebro-spinal 
system,  and  titus  the  organs  nnder  its  influence  are  brought  indirectly 
into  communication  with  external  objects  and  pivenomena.  Its  nerves 
are  distributed  to  glrmds  and  mucons  membrnnt-s,  man}'  of  which  are 
destitute  of  general  sent-ibility,  and  to  muscular  parts  which  are  re- 
moved from  the  control  of  the  wdl.  The  sympathetic  ganglia  are 
Bituate<1  Fuccessively  in  the  head,  neck,  chest,  and  abdomen;  and  in 
each  of  these  regions  are  connected  with  special  organs  by  their  fibres 
of  distribution. 

The  first  sympathetic  ganglion  in  the  head  is  the  ophthalmic  gan- 
glion, situated  within  the  orbit  of  the  eye,  on  the  outer  aspect  of  the 
optic  nerve.  It  comninnicates  by  slender  filaments  with  the  carotid 
plexus,  and  receives  a  motor  root  from  the  wulomotorins  nerve,  and  a 
sensitive  root  from  the  ophthalmic  branch  of  the  fifth  pair.  Its  fila- 
ments of  distribution,  known  as  the  "  ciliary  nerves,"  pass  forward  upon 


nicatcs,    like     tltc    |irc-ceihii^. 
with  tliti  uarutid  plexu»,  ka-I 
receives   a   motor   root  from 
the  facial  nerve,  and  a  semi- 
live  r<H>t    from    the    siip'r  ■: 
maxillary  Itmnch  of  tlio  i(  ui 
pair.     Us   tilaments  are  liii 
tributed  to  the  levator  pola 
and    uvular    musclca,   to 
mucuiis  meiulirnnc  of  th<?  i>«i* 
teriur  pnrt  of  the  nasal  |«»j 
sages,  and  to  that  of  the 
and  soft  palate. 

'I'lio  thinl  sympatbetio  ] 
glion  is  the  «»&niaxi7/ai] 
situated  upon  the  sul'malilj 
lary  ghmd.  It  cotnmnnicatt 
with  the  su]HTior  corvical  gan- 
glion of  the  sympathetic 
flhiments  which  accooi[ 
the  facial  imd  external  caruli 
arteries.  It  derives  its  spns 
tivo  niiinuDts  from  tbc  liof 
liranch  of  the  fifth  pair,  am 
its  motor  filaments  from  tin 
facial  nerve,  hy  means  of  tin 
eliorda  t vmpani.  Its  brancUc 
of  distribtilion  pass  iu:iinl3* 
the  Kidvmnxillary  glaud 
Wharton's  duet. 

The  lost   sympathetic  gan- 
glion Id  the  bead   is  the  o/(c 
ganffUftn.     It    Is   situated 
neaLh  the  base  of  the   skiill 
on  the  inner  side  of  the  thii 
division  of  t!ie  fifth  pair.     11 
leives  filaments  of  coramunicati<in  fmni  llie  carotid  plexus;  a  molt 
'root  from  the  facial  hy  means  of  the  suudl  Kupcrficial  j^etrosal  m^rvi 
as  well  as  one  or  two  short  fibres  fnun  the  inferior  maxillary  divtsioi 
of  the  filth  pair;  nnd  a  sensitive   root  from  the  silossopharyngcal  by 
the  nerve  ot  Jacobsrin.     Its  liranches  nre  sent  to  the  internal  muscle  of^ 
the  mnlleiis  in  the  middle  ear  (tensor  tynipani),  to  the  eireinuflexns  (mlati. 
an>l  to  the  mucous  nieinhrnne  of  the  tyntpnintm  and  Eustachian  tube. 
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The  continujitiuii  of  tLe  Kympatliftie  nerve  iu  the  net-k  consists  of 
two  ami  Boinetimes  three  gaiiglia,  the  superior,  tniddlu,  and  iurerior. 
These  giinglia  uuuiiunnuato  with  I'ach  other,  aud  also  with  the  aiiterioi 
brunchciv  <tf  the  cervieal  (spinal  nerves.  Their  UlaiueiitH  follow  the 
course  of  the  carotid  artery  and  its  branches^  and  are  <listriliuted  to  the 
substutice  of  the  thyroid  gltiiid,  ami  to  tJic  walls  of  tlie  Inryiix,  trachea, 
pharynx,  an<l  a'sopliagus.  iJy  the  sujit* riur,  DiiildJc,  said  interior  cardiac 
ot'rve«  they  idso  supply  s^miitithelic  fihrea  to  the  cartliac  plexuti,  and, 
through  it,  to  the  su balance  ol  the  heait. 

In  the  cheat,  the  sympathtlie  ganglia  are  situated  on  each  side  the 
Bpinal  c-olumi>,  just  ovtr  tlic  hcatls  of  the  ribs.  Their  couimuuicalions 
with  Uh"  spinal  nerves  in  this  region  are  double  ;  each  ganglion  receiving 
twi)  lilaint'uts  truni  the  iiilercostal  nerve  next  above  it.  The  filatuents 
nriginaling  from  the  ganglia  arc  distributed  upon  the  thoracic  aorta, 
and  to  the  lungs  and  (.e>*iiphagUR. 

In  the  alKlomeii,  (he  conliuuation  of  the  sympathetic  system  consists 
nininiy  of  the  aiigregation  of  ganglionic  enlargements  .situated  upon  the 
cteliflc  artery,  known  as  the  Hemiluuar  or  cffliac  ganglion.  From  this 
ganglion  a  nndtittule  of  radiating  and  inosculating  branches  are  sent  out, 
which,  from  their  comnmn  origin  and  their  diM-rging  course,  are  termed 
the  "  solar  plexus."  From  this,  other  plexuses  originate,  which  accom- 
pany the  abilominal  aorta  and  its  branches,  aii<l  are  distributed  to  the 
titoraach,  smsdl  and  large  iute»tine,  Bpleeti,  paucreaH,  liver,  kidneys, 
bupra-renid  capsules,  and  internal  organs  ot*  generation. 

Ik'side  the  above  ganglia  there  arc  in  the  »b<lonien  four  other  jHiirs, 
situated  in  front  of  the  lumbar  vertebrte.  Their  filaments  join  the 
plexuses  radiating  from  the  semilunar  ganglion. 

lu  the  |ielvi.s,  the  syin|)athetic  .system  is  contijuied  by  four  or  five  pairs 
of  ganglia,  situated  on  tiie  anterior  aspect  of  the  f-acrum,  and  terminal 
ing,  at  the  lower  extremity  of  the  spinal  column,  in  the  "  ganglion  impar,'' 
which  is  probably  to  be  regarded  as  a  fusion  of  two  8ei)arat.e  ganglia. 

The  entire  syuiiiathctic  series  is  tliiis  eomposed  of  numerous  small 
ganglia  connected  throughout,  first  with  each  ulher;  secondly,  with  the 
cerebro-spinal  system^  and  thirdly,  with  the  viscera. 

Ph yeiological  Propertirn  of  the  Si/nij>atbf'tic  Ganglia  and  Nfrveif, — 
The  properties  an<l  fun<>tions  of  the  sympathetic  nerves  have  been  less 
sueeessfully  studied  thim  th«ise  oT  the  cerebro-spinal  system,  owing, 
]K'rhaps,  to  the  anatomical  flilticulties  in  the  way  of  reaching  and  ope- 
rating upon  thera  for  purposes  of  experiment  The  principal  part  of 
the  sympHthetJc  system  is  situated  in  the  interior  of  the  chest  and  abilo- 
meu  ;  nn<l  the  mere  opening  <»f  these  cavities,  to  rea<h  the  ganglionic 
centres,  causes  such  a  disturbance  in  the  functions  of  vital  organs,  and 
such  a  shock  to  the  system  at  large,  that  the  results  of  these  experiments 
are  liaiile  to  l)e  more  or  less  unsatisfactory.  The  connections  of  the  syni- 
jMithetic  ganglia  with  each  other  and  with  the  eerebro-spinal  axis  are  so 
nunierous  «u<l  scattered,  that  these  ganglia  cannot,  W  coniplelely  isolated 
without  resorting  to  a  still  more  extensive  oi^eration.     Antl  finally,  the 


»»■   SYMPATHETIC   SYSTEM. 

sensible  y^hciiain^-ria  olitainetl  by  experimenting  on  the  8)*inpatli<^ti(l 
nerves  aixe,  in  many  cat^es,  slow  in  niukiiig  tbeir  api^iearaace,  atwl  wA] 
pnrticularly  striking  ur  cliaracteiistic  in  llieir  ntiturc. 

NotwilhstamliULj  tliese  ilillit-ultieB,  iiowever,  80tne  facts  have  \*t 
liscertained  witli  regurd  t<i  lliis  part  of  tlie  nervous  system,  which  gil 
a  certiiin  degree  of  insight  into  its  character  and  functions. 

Influence  on  Movement  and  SenHibUUy. — The  sympathetic  t>>ifleij) 
en(iow(LHl  both  with  seusibility  and  the  power  of  exciting;  motion  ; 
these  pi'operties  are  less  active  than  in  the  cerebro-8i>itial  system,  al 
are  exercised  in  a  jlitferent  uaiiiier.     If  we  irritate  a  Hensitive  «j»i 
nerve  in  one  of  the  limbs,  or  apply  the  galvanic  current  to  it6  post 
riMit,  the  evidences  of  paiti  ur  of  reflex  action  are  dtHrisive  antl  instant 
neous.     There  is  no  apprecijiblc  iiiU-rvid  between  the  application  of 
stimuliiH  and  the  sensation  which  re^uitHi  Aoui  it.     On  the  other  ban 
in  experiments  u[ion  the  sympathetic-  jcranglia  and  nerves,  evideni.'psi 
sensibility  aie  altso  imuiifested,  but  much  less  acutely,  aiid  only  nf 
somewhiit  prohmf^til  api*lii!\tiuu  of  ihe  irritating  cause.     These  reeuU 
correspond  with  what  we  know  of  the  phy6iological  pro|Hrrtiess  of 
organs  supplied  by  the  sympotlietic  system.     These  organs  are  ln« 
sible,  or  nearly  sOt  to  ordimnv  impressions.     We  are  not  cousciou*  of" 
tlie  elnuiges  goingon  in  them,  so  long  as  they  retain  a  noruini  chamttcr. 
But  tlK;y  are  still  capable  of  perceiving  tmusiial  or  excessive  irritation 
nnd  may  even  give  rise  to  acote  pain  whLii  in  a  state  of  infliuDiuatur 
alteration. 

Tiiere  is  the  same  (n'culiar  ciiaracter  in  the  action  of  the  niotornervpi 
belonging  to  the  sympathetic  system.  If  the  faeial  or  LypoglosAal,  or 
the  anterior  root  of  a  spinal  nerve,  bo  irritated,  bhc  convulsive  inovenwnt 
wliioh  follows  is  instiuituneous,  spasmodic,  and  momentary  in  «ltiratiun 
But  if  the  semilunar  g;inglion  ur  its  nerves  be  subjectetl  to  a  f^iiniliir 
experiment,  no  imnvediHte  etlect  is  produced.  It  is  only  arter  «  fr* 
seconds  that  n  slow,  vermicular,  progressive  contraction  takes  plai-e  iu 
the  corresponding  part  of  the  intestine,  winch  continues  for  some  tiun' 
afliT  the  exciting  cause  lias  tn^en  rctnoved. 

Morbid  rliati<ies  tiiking  pluee  in  organs  supplie<l  by  the  83'rU|>athetic 
present  a  simihir  pwuliarity  in  their  iiroduclion.  if  the  Ixxly  b«  expoaeit 
to  cold  and  danipm-ss,  inngesti«in  of  tlie  kidneys  shows  itself  ptrrhn;  - 
the  following  d;iy.  Inllanimaliou  nf  any  internal  organ  is  rarely  . 
lished  within  twelve  or  twc-nty-four  hours  after  the  application  of  tlie 
exciting  cause.  The  internal  processes  of  nutrition,  l»>g<>ther  with  their 
derangements,  which  are  more  est>eciaUy  under  the  control  of  the  ^yia- 

Lpntbetie,  require  a  hmger  time  tf>  be  inflttenred  by  incidentiU  caustst, 
tlian  those  whieli  are  regulated  by  the  corehro-spinal  system. 
Connection  with  the  S)>ecittl  Senses. —  in  tlie  head,  the  sympathetic 
has  an  important  oonne<'tion  with  tlie  special  senses.     This  is  n     " 
more  partirtilniiy  i'l  the  ciise  nl' the  eye,  in  the  influences  regiii 
expansion  and  cfmtraetion  tif  the  pupil.     Tin' Mphtiialmic  gangium  -"i  i  ~ 
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motor  root  from  Uw.  oculomotoiiut*.  The  reflex  action,  by  which  tbe 
fiufiil  contracts  under  tlie  influence  of  liglit  and  expands  under  its 
diminution,  tnives  place,  iifcordint^ly, throtijili  this  iran^lion,  Tlie  impres- 
sion conveyed  hy  the.  optic  nerve  to  tiie  tuhercni.i  qimdrigftnina,  and 
Tcflt<;le«l  outward  by  the  fihres  of  tbe  ocutonnotorius,  is  uot  transmitted 
directly  hy  the  last  named  nerve  to  the  iris ;  but  passes  first  to  the 
f»|>iitlialmic  gjingiion,  arnl  is  tlience  eonve3eil  to  its  destination  by  the 
«.'ilt:iry  nerves. 

'I'he  reflex  movements  of  the  iris  exhibit  consequently  a  somewhat 
Hlugo^sh  character,  which  indicates  the  intervention  of  the  sympathetic 
system.  The  changes  in  the  size  of  the  ]iu])il  do  not  take  |)lace  itistjin- 
taneously  with  tht*  variation  in  the  amount  of  li}£ht»  luit  require  an 
appreeialile  interval  of  time.  If  we  suddenly  jiass  from  a  light  into  a 
ilark  room,  we  are  unable  to  distinguish  Ftirronnding  objects  until  a 
certain  time  Iius  elapsed,  and  the  exjjunsjon  of  (he  pnjnl  has  taken 
place  ;  and  visitm  evi-n  continues  to  grow  more  distinct  fur  a  consider- 
able jteriod  afterward,  as  the  expaUHlon  of  the  jMtpd  hceomcs  more  com- 
plete. If  we  cover  the  eyes  of  another  jx^raon  with  the  hand  or  a  foltled 
cloth,  and  then  Huddcnly  expose  tlicin  to  tbe  light,  we  can  see  that  the 
pupil,  which  is  i\i  tirst  dtlateil,  contnicls  somewjuit  nqndly  to  a  certain 
extent,  and  allcrward  continues  to  dimniiah  in  size  for  several  seconds, 
until  iU  etiuilibriiini  is  f:iirly  established  Fnrthermore,  if  we  i)a8s  sud- 
denly from  a  dark  rof>m  into  bright  sunshine,  we  are  immediately  con- 
pciousiif  a  painful  impression  in  the  eye,  wliieli  results  from  the  inability 
of  the  pupil  to  contract  with  suflieient  rapidity.  All  such  exj)osure8 
should  therefore  lie  made  graduallj-,  in  onler  that  the  movements  of  the 
iri*  tnay  keep  ^laee  with  the  varying  quantity  of  stimulus,  anil  thus 
l»rotect  the  eye  from  injurious  iiu|)ri-ssions. 

The  reflex  niovetneiits  of  tlie  iris,  tliougli  aceoni|ilislied  tlirough  the 
medium  of  the  ophthalmic  ganglion,  derive  their  original  stimulus, 
throiitfh  the  motor  root  of  this  gangb<jn,  from  the  o«'ulomotorius  nerve. 
For  if  the  ocidomotorius  nerve  Ih"  divided  Wtween  the  brain  and  the 
eyeball,  tlie  pu|iil  l>ecomes  sensility  dilated,  and  loses  in  great  measure 
its  power  of  contracting  under  the  in tiuence  of  light.  The  motive  power, 
oritrJntvlly  derived  from  the  brain,  is,  therefore,  modified  by  imssing 
througli  tba  oj*hth?duHc  ganglion  before  reaching  its  destination  in  the 
iris. 

{/  Three  organs  of  special  sense,  the  e^'e,  the  nose,  and  the  ear,  are 

leach  provided  with  two  sets  of  muscles,  superReial  and  deep,  which 

jregidate  the  quantity  of  stimtilus  admitted  to  the  organ  and   the  mode 

in  whicli  it  is  receiv^-il.     The  superficial  set  is  animated  by  branches  of 

the  facial  nerve;  the  deejvseated  or  internal  set,  by  filaments  from  a 

sympatlietic  ganglion. 

Thus,  the  front  of  the  eyeball  is  protected  by  the  orbicularis  and 
levator  palpebiw  superioris  muscles,  whirh  open  or  close  the  eyeljils  at 
will,  and  allow  a  larger  or  smaller  quantity  of  light  to  reach  the  c«u"nea. 
These  muscles  are  supplied  by  the  oeulomotorius  and  faci.ol  nerves,  itnd 
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are  mainly  voluntmy  in  llitir  lu'lioii.     The  iris,  on  the  other  hand^iai 

fh-ep-Hfateti    aiusciiijir  uurtaiii,  which  rt'gulati-s    tin-   (jntiutity  wf  W-dUX 

a<liiiiitlfd  tliroiigh  tUi-  pupil.     It  is  supplie<l  by  filaiuviits  IVnUi  the  itpl 

thalniic'  ganglion,  ami  its  movements  ai-e  involiuitary. 

Divisioi!  or  the  syiiijiathetlc  uerve  in  Iho  miiUIie  of  ihf  tit-ck  ha« 

murked  cSltl  on  iUl-  niusfuhir  apparatus  of  the  eye.     Withiu  a  fvi 

seconds  after  this  oijeration  has  been  iierformetl  uj»ou  the  cat,  the  pti|4| 

of  the  correspomliiig  eye  Ix-eomes  eontractetl,  and   remains  in  that  roB 

dition.     At  the  »utnetimetbe  tbiT 
Fig.  185.  ,.  ,        ,,    .  ,.^  ,.  1  4 

°  eyelid,  or  "■  nictitjiting  menjhranftl 

with  whieh  these  aiiinutid  are  pr<| 

vided,  18  drawn  paitinlly  over  th 

cornea,  and  the  upi»er  and  low* 

eyeliils  ulso  ai)pif»xiniate  to  enc 

other;   so  that   all    the  apertur 

guarding  the  eyeball  are    i)erri'( 

tibly  unrrowed,  and  the  expressio 

of  the  face  on  that  side  is  alter 

in  a  conespoinling  degn-e.     Tbi 

effect  has  been  explained  by  ea| 

posing   the  circular  fibres  of  tl 

iri«,  or  the  eonstrictorsi,  to  be  an 

n.ated  by  filaments  derived  from  the  oetitoinotoriuH,  and  the  rudiatii^ 

fibres,  or  the  dilators,  to  be  supplied  by  the  eynipatlietic;  so  that,  wUH 

division  of  the  oculoniotoiins.  would  pro(Juee  dilatation  of  the  pupil  1m 

paralysis  itf  the  eireulnr  fibres  only,  division  of  the  fympathetic  wou 

be  followed  by  exclusive  paralysis  of  the  dilators,  and  conseijuently 

contraction  of  the  pupil.     This  explanation,  however,  is  not  entir 

satisfactory  ;  since,  after  di\ision  of  the  Kynipathetic  nerve  in  the  c;i 

not  only  is  the  [tupil  contracted,  but  both  llie  npper  and  lower  eyelid 

and  the  nictitating  ineinlirane  are  also  drawn  partially  f>ver  the  come 

and  as-sint  in   exrluding  the   light.     The  lit«t-nanied  effect   Ciinnot 

owing  to  direct  paralysis,  fnim  division  of  the  fibres  of  the  sj-ropathrti 

It  is  mure  probftble  that  the  sectinii  (>f  this  tierve  operates  by  exaggtrat 

ing  for  a  lime  the  sensibihty  of  the  retina,  owing  to  vascular  c«nge>»{i<io| 

and  that  the  partial  closure  of  the  eyelids  and  pni)il  is  a  •onscquenc 

of  that  con<liti»tn. 

In  the  ollaclory  apparatus,  the  superficial  set  of  mnsclea  are  the  con 

ipressors  and  elevators  of  the  alne  na-si,  which  are  animated  by  filaii>«nt)> 

*of  tlie  facial  nerve.     By  tlieir  action,  otloriferons  vapors  are  snnfft-d  in 

and  directed  into  the  upper  ]mtl  of  the  nasiil  jiaasages,  where  they  coi 

III  eontuct  with  the  sensitive  portions  of  the  olfactory  membrane; 

if  too  pungent  or  disagreeable  in  flavor,  are  excluded  from  entmnc 

These  muscles  are  not  very  im]M>rtant  in  the  human  species;  but 

many  of  the  lnwer  animals,  as  in  the  caniivora,  they  play  a  very  tt 

portaiit  part  in  the  iiieclianistn  of  olfaction.     Furthermore,  the  levator 

and  depressors  of  tht;  velum  palati,  which  are  dce[>-seatwl,  serve  to  oj 


or  close  the  posterior  nnn'S,  and  uct:oiii|)lish  a  similar  office  wiUi  the 
imi«cle8  alri-ndy  ii:»ineil  iii  front.  The  luvtilcti"  |ial!iti  Jiml  uvular  inu.HcleB 
»re  snp[>lied  liy  fil.imeuta  from  tins  splieiio-iitiiutiue  giiuglion,  and  ai*e 
iiivoluntary  in  eUiirauter. 

The  ear  has  two  sets  of  muscles,  similarly  supplied.  The  superficial 
set  are  those  attached  to  the  exliTJial  ear.  Tlu-y  are  coinparativelv 
inactive  in  luau,  but  in  many  of  the  loHtr  animals  are  well  developed 
and  important.  In  the  bor.te,  the  deer,  the  sheep,  ami  various  other 
»*lJti:;ics,  they  tiini  the  ear  in  difl'eretit  iJirections  to  catch  more  distinctly 
feeble  sounils,  or  to  i'.velmle  those  whieh  are  disagreeable.  These  mus- 
cles are  su|jplietl  by  filaments  of  the  facial  nerve,  and  are  voluntiiry  in 
their  action. 

The  deej)-soate<l  set  are  the  muscles  of  the  mitWlc  ear.  Sounds  are 
tnuisniitted  to  tlie  middle  ear  ttiioufrh  the  membrane  of  the  tyinpamira, 
wlitch  may  Iw  made  mtM-e  or  less  sensitive  to  sonorous  impcessions  by 
varying  its  condition  of  tension  or  relaxation.  This  contlilion  is  regu- 
lated by  the  two  mnseJes  of  the  middle  ear,  namely,  the  tensor  tymp.iui 
and  the  stapedius.  Tlie  first  named  muscle  is  supplied  with  nervous 
filaments  from  the  otic  ganglion  of  the  sympathetic.  By  its  eontraetion, 
the  handle  of  Ihe  malleus  is  drawn  inward,  bringing  the  membrana  tym- 
pani  with  it,  and  thus  inerensing  its  tension.  On  the  relasaiion  of  the 
inusclc,  the  chain  of  bones  retnnvs  to  its  ordinary  position,  and  the  pre- 
vious e«>ndition  of  the  tym]ianir  membrane  is  restored.  This  action,  so 
far  as  we  can  judge,  is  pnrel}-  involuntary.  The  sta|>edius  muscle,  on 
the  other  hand,  is  supplied  b\'  a  braneh  of  the  facial  nerve  (p.  549).  It 
is  probable  that  its  contraction  serves  to  relax  the  membrana  tympani, 
anil  enables  us  to  ni;ike  a  certain  degree  of  voluntary  exertion  in  listen- 
ing for  faint  or  distant  sounds. 

Ctmneclion  wilh  the  Circulation. — Perhaps  the  most  imiK>rtaut  fact 
coneeming  the  sympathetic  system  is  that  of  its  infiuenee  over  the 
vascularity  of  the  parts  supplied  by  it.  In  the  first  place,  division  of 
the  sympHthelic  trunk  firoduces  a  vasrtihr  cnngeslion  in  the  corre- 
fjtonding  jiarltf.  If  this  nerve  be  divided,  in  any  of  the  warm-bloodetl 
(juadni|X'd.s,  in  the  middle  of  the  ne<.'k,a  vascular  congestion  of  all  parts 
of  the  bend,  on  the  corres|>onding  side,  immediately  follows.  This  con- 
gestion is  most  distinctly  evident  in  the  rabbit,  in  the  thin  and  trans- 
parent ears;  and  within  a  few  minutes  nfter  tJie  op*?ration,  the  difference 
in  their  appearance  on  the  two  sides  is  strongly  pronounced.  All  the 
vessels  of  the  ear  on  the  atfectt^l  side  beei>me  turgid  with  blood;  find 
many  wiiieh  were  b<>fore  imperceptible,  are  distinctly  apparent.  This 
elfeet,  which  was  first  p<iinte<l  out  by  Bernard,  and  has  been  obsei-ved  by 
many  other  ex|»erimenter8,  we  have  often  verified.  It  lasts  for  a  con- 
siderable time,  and  may  even  be  very  distinct  at  the  end  of  three  wi'cks. 
It  remains  lc»nger  when  a  portion  of  the  nerve  has  been  cut  out,  or  the 
cer>ical  ganglion  extirpntefl,  than  when  its  filaments  have  been  simply 
divided  by  a  transverse  section.  It  finally  disappears  when  the  separatctl 
filaments  have  reunited  and  regained  their  fiuictiotml  activity. 
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The  Tascular  congestion  thus  proiluceU  by  division  of  the  symf 
nerve  is  accunijntiiit^l  by  three  iuiportaut  pbuuomeua,  all  iutiuiately  v(» 
nectC'il  wiMi  eacli  otiiei'. 

First,  tlie  quiuitily  of  blood  circulating  iu  the  part  is  inereat$«df  anJ 
its  movement  accelerated.  It  is  not  a  state  of  ])assive  cuni^festioit ;  tmi 
all  tlie  vessels  are  sinndluneously  diiatcd,  a  larger  quantity  of  l»l<nxl 
passes  liimugh  tUi*  cn[piU:iri«.-;«  in  a  giveu  lime,  and  relurus  by  Uie  vt-iui 
ill  greater  abundance  tliau  before. 

SSecontlly,  tliere  is  a  remarkable  elevation  of  tetD|)erattire  in  the  nlTi'd- 
ed  part  Tl^s  elevation  of  temperuture  is  very  perceptible  lo  the?  lou« 
b*)th  in  the  ear  inwl  in  the  iiiti'guiueiit  of  the  corresponding  side  uf 
hejid.  Measured  by  the  thermometer,  it  has  been  fonnd  by  Bemnnl 
reach,  in  some  cases,  4.5  or  5  deg:ri'e3  (8°  or  9^3  F.).  It  results  fn 
the  increa.sod  quantity  of  IjUmmI  circidating  in  the  vc-ssels;  since 
Mood  coming  from  the  interior  and  wurnur  parts  of  the  body  supptfl 
more  lieat,  in  (iroportion  to  the  abundance  and  rapidity  wiili  whieli 
traverses  the  vascular  tissues. 

Thlnlly,  thi!  color  of  the  venous  Mood  becomes  brighter.  This  eff« 
is  also  dui?  to  iucri'iistHj  rapidity  of  tlie  eireuhition.  The  blocnl  is 
prived  of  its  oxygen  and  darkenwl  in  color  by  the  changes  of  nutriU 
which  take  place  in  the  tissues.  But  if  the  rapidity  of  the  circnlatifl 
be  suddenly  increased,  a  certain  proportion  of  the  blood  e8ca{>es  di^ae 
<!ation,  and  its  change  in  color,  from  artt-rial  to  venous,  is  ineompU't 
The  blood  accordingly  returns  by  the  veins  of  the  nffet^tcd  part  in  gr»-.nt 
nbundnuce,  of  a  higher  temperature,  and  of  a  wore  ruddy  color^  than  I 
the  corresponding  parte  on  the  opposite  sitie. 

When  a  local  vascidar  congestion  has  thus  been  pr^xluced  by  d!f 
sion  of  the  syniitathetic  nerve,  if  that  portion  of  the  divided  ner 
which  reraains  it)  connection  with  the  tissues  be  galvanize<lf  all  the  abot 
effects  rapidly  disappear  ;  the  bltXMl  vessels  of  the  ear  andcorres{)ontlia 
side  of  the  head  cuntraet  to  their  prL-vioua  dimensions,  the  quantity 
blood  circidating  Ihrougli  llie  tissues  is  diniinishe<l,  the  temperature  I 
reduced  in  a  corresponding  degree,  and  the  bloml  in  the  veins  retunu 
lo  its  ordinary  dark  color.  Tlie  variations  in  the  rapidity  of  the  c5rt 
lation,  ilependent  on  the  condition  of  the  83  mijathetic  nerve,  have  U<< 
shown  by  Bernard'  in  the  following  manner.  In  aliving  rabbitthe  nppir 
part  of  one  ear  is  cot  ort"  with  a  pair  of  very  sharp  scissors,  so  that  the  blo<jdj 
may  escajje  in  jets  from  the  divided  ends  of  the  small  arteries. 
force  and  height  of  the  arterial  jets  having  been  observe<l,  the  eyi 
pathetic  nerve  is  then  divided  in  the  middle  of  the  neck  on  the  oorr 
sponding  side  Immediately  the  blood  csca])es  from  the  wounded  ear  i 
greater  abundance,  and  the  arterial  jets  rise  to  double  or  even  triph 
their  former  height.  The  galvanic  current  is  then  applied  to  tlie  ili- 
vided  extremity  of  the  syinpnthetic,  aliove  the  point  of  section,  when 
Btreams  of  blood  escaping  from  the  wound  diminish  or  disap|>ear; 


1  Jouroal  lie  la  Physiologie  dc  I'Homnic  et  dcs  Aninmiix.     Paris,  1862.  p,  ZTl^ ' 


reoummciice  aud  again  iiicrvase  in  iitk-iisity  so  soon  as 
vanizutiou  of  the  uerve  is  suHpeiiili'il. 

Tbe  tiatue  aulbor  hai^  slauwii  tliiit  a  similar  iiiUutiiee  is  ejii-rii'il  by  the 
8yuii»iitbetic  uc-rvo  miuu  tiie  cituulatiou  in  Lhe  limbs.'  If  lliu  luiabar 
iierves  of  one  siik  bti  dlvuItHl,iii  the  dog,  witliin  the  cavity  of  tiie  spiiiHl 
canal,  paralysis  of  aiotion  ami  seusibility  is  ptoijiiced  in  tiie  coriesi«jiicl. 
iii|j[  limb,,  but  tbeie  is  no  change  in  its  vaseuhirity  or  tfinperature ;  vvhile 
ir  tlie  lumbar  porLioii  of  the  sympathetic  be  ilivitled  or  excised,  willioiit 
disturbing  tbe  spinal  nerves,  ull  the  signs  of  incieased  teajperattire  and 
activity  of  the  circidatiou  ai-e  luauifested  in  the  iinib  below,  without  loss 
of  nir>tiou  or  Beusibility.  Exsoctioii  of  the  first  tlioiaiic  gaugUuti  of  tbe 
gyntpalhetic  proilnces  Himilar  eHeots  in  the  jiiiterior  extremity;  aud 
these  etfeets  are  diminished  or  suspended  by  electi'ic  irritation  of  tbe 
divided  nerve. 

Divi.siun  of  the  sympathetic  nerve,  accordingly,  pro«luc€8  dilntati«m 
of  tbe  bloodvessels  anrl  consequent  increased  rapidity  of  tbe  circula- 
tion,  and  causes  the  bloml  to  retain  its  red  color  in  the  veins ;  while  gal- 
Tanization  of  the  same  nerve  prmltiees  contniction  of  the  vessels,  iliniin 
ishes  tbe  qn;intity  of  the  eirenlating  t]ni<l,  and  causes  the  change  in 
color  of  tbe  blood,  from  arterial  to  venous. 

The  same  tiling  takes  place  in  the  glandular  organs.  If  the  aubniax* 
illary  r»r  parotid  gland  lie  exposal  in  tbe  living  animal,"  so  htng  as  the 
glund  is  in  its  ordinary  condition  the  blood  passing  through  it  is  seen 
to  unclergo  tbe  usual  changes,  and  returns  dark  c«il<iriHl  by  the  veins. 
But  if  the  syinpiithetic  filament  which  acconi])uaies  the  external  carotid 
artery  be  divided,  the  quantity  of  blood  flowing  through  the  gland  is  at 
on<-e  increased,  an<l  a  I  fpcuts  of  a  red  ciilor  in  the  veins.  The  same 
changes  occur  when  the  gland  is  excited  to  secretion  by  Blimulating 
the  organs  of  tnste. 

An  a|>|iarent  antagonism  exists,  in  regard  to  the  circulation,  between 
the  Rymp.atbetic  nerve  and  those  derived  frum  tlie  certibro-bpiual 
pystem.  If  the  chorda  tympani,  which  sends  fihinicnts  to  tlie  submax- 
illary ganglion,  be  galvanizcil,  it  causes  an  excitement  of  the  secretion* 
in  the  subuiaxilhiry  gland,  increaseil  nctivity  of  the  circulation,  and  a 
red  color  of  the  blood  in  the  veins.  Tbe  (Jivision  of  this  nerve  is  folIr»wed 
bv  a  contrary  result.  The  cHV'cts  pro<lnced,  therefore,  by  galvanization 
of  tlie  chonla  tymi>ani  are  those  prodnced  by  divibion  of  the  syinpa* 
thetic ;  and  the  etti-cts  i>roduceil  l«v  galvanizing  the  sympathetic  are 
tlmse  which  follow  iVivision  of  the  chorda  tympani. 

The  vascularity  of  the  ])arls,  nccnrditigly,  a.s  well  as  the  glaniluhir 
a<-tivity  of  vascular  organs,  are  under  the  control  of  the  nervous  system. 
The  fihimenta  of  the  sympathetic  nerx-e  accompany  every  where  the  blood- 
vesacls,  enveloping  the  arterial  branches  with  an  abundant  plexus,  and 
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'  Journal  de  la  Physiolnpic  de  rflormne  et  deo  Animaux.     Piiris,  1802,  p.  3l>7. 

•  Bernurd.  Locoiis  snr  les  LiquideH  do  I'Org^iiisnie.    Paris.  1H59.  tinne  i.  p.  230. 

•  LcQous  *ur  les  Liijuidos  tic  rOrgmiisJine.     Paris,  18.'>9,  tonn*  i.  p  312. 
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following  them  to  ihtif  minutest  runiitieatioiis.  Tbey  appear  to  Act  Ij 
causing  a  coiitiautiuu  iu  the-  organic  muwular  fibres  of  the  small  Jirteriir*, 
tliH.s  n-giiluting  llif  resistance  of  llie  vessels,  and  the  piuwage  of  tk 
I.IuikJ  tlinnifili  tJuui.  When  tUe  syuiputlietic  nerve  iti  exeittni,  tlic  vvsstU 
etjiitriict,  tile  lilooil  passes  tbrough  them  slowly,  an»l  is  fully  tonv*rl«l, 
during  its  passage,  into  venous  blood.  When  the  inflliencc  of  this  nerve 
is  (liMiinishu*!  or  suspemle*!,  the  vessels  diliit-e,  and  the  IiKhxI.  [Kissing 
tiiroiij^h  tlieni  with  greater  rai>iility,  is  not  completely  changed  from  Uie 
arterial  to  the  venous  coudilion. 

Cunneclion  wUh  lifjivx  Aitiout^. — The  influence  of  the  Bynipathetic 
nerve  upon  the  thoracic  and  ulM.louiiual  viscera  has  been  only  lm|M.Tf«:tli 
investigated.  It  un<loubteilly  serves  nsa  medium  of  reflex  action  betwwn] 
the  sensitive  and  motor  porliona  of  the  digestive,  excretory,  and  gt*«M?-j 
ralive  apparatus;  and  it  is  certain  that  it  takes  part  in  reflux  aetlt 
iu  which  the  cerebro-sptual  system  is  also  interested.  There  are  acconi 
ingly  three  diHi  rent  kinds  of  reOex  action,  taking  place  wholly  or  par* 
tiiilly  through  the  sympathetic  system,  which  may  ocicur  in  the  livin|j 
iKjdy. 

1.  BeJJex  actions  taking  place /rom  the  internal  organsj  through  At 
sympathetic  and  ccrrbro-xpinnl  Ki/niemit,  to  l/id  voluntat  tj  mu«cU«  flwfl 

tftnsitirt  Hur/aren The  convulsions  of  cbihlren  are  often  due  lo  llie] 

irritation  of  undigesteil  food  iu  the  intestinal  canal.     Attacks  of  indi 
gestiou    may  also   produce   tempornrv  amaurosis,  double  viaion,  »tr»-l 
bjsmiis.  and  even  heiiiiplegia.     Nausea,  and  n  diminishctl  or  capricious j 
appetite,  are  prominent  symptoms  of  early  pregnancy,  induced  by  tbd 
comlition  of  the  uterine  mucous  iiiembrtuic. 

2.  Rfjlfx  act  turns  talcing  place  from  the  sensitive  surfaces^  througK\ 
the  cerebro-apitial  anil  iftjnifiaf/irfic  t<ij»(fm>t,  to  the  inooluntary  musckt^ 

and  i^ecretimj  ari/ans Exptistnc  of  the  integ^uiiicnt  to  cold  and  wet  is 

often  a  determining  cause  of  diaiThcpa.  Mental  and  moral  impressi<>ns,i 
excited  thri»u<j:li  the  special  senses,  will  nlfeet  the  motions  of  the  hearty] 
and  dtstiirb  the  nct.s  of  digci^tion  and  secretion.  Terror,  or  an  alkwirh- 
ing  interest  r»f  niiv  kind,  will  produce  dilatation  of  the  pu|»il,  and  ootd«| 
niuiiicate  in  this  way  an  tinnsuid  expression  to  the  eye.  IMsagreeiiMft] 
sights  or  odors,  or  even  unpleasant  occurrences,  are  capable  •►f  basteniug^j 
or  arresting  the  menstrual  dischnrgc,  or  of  inducing  premature  «U'liven",| 

3.  licjifj:  action  If  ((ikin<j  plarr.  throtxjh  the  ftjmpalhctiv  tti/nlem^Jronkl 
one  part  of  the  internal  organs  to  another. — The  contact  of  food  wittel 
the  mucous  membrane  of  tiie  intestine  excites  a  i>eristaltic  movement  iaf 
its  uuiscular  cunt.  The  mutual  iuttuence  of  the  digestive,  urinary,  .t ml] 
internal  gciu-rntivo  organs  upon  erich  other  is  exejted  tlirough  ihej 
meilium  of  the  sj,mpathetie  ganglia  and  nerves.  The  variations  of  tbeJ 
capillary  circulation  in  different  abdominal  viscera,  corresponding  iHthj 
the  activity  or  repose  of  their  associated  organs,  are  due  to  a  similar] 
nerviMis  influence.  These  phenomena  stre  not  aceonipauie<l  by  conaeioc 
sensation,  nor  by  any  apparent  iutervention  of  the  cerebro-spinal  s^^tem<] 


CHAPTER    VIII. 


THK    SENSES. 


The  senses  are  tlie  ctidowmciits  by  whieli  we  perpcive  the  plijsieal 
properties  of  extc-ruat  objc'cts  and  tbe  pbi-iiomeiiii  proiiiictd  by  ibeir 
various  reactious,  miuh  Ma  »olidJly,  preHi^uie,  ismootbueuu  or  inequulily  of 
surlsicf,  teia|^M,'i-atiirt',  light,  soiiiul,  nnd  sapitl  jiiid  (pdoriftroiis  qualities. 
All  our  infoniiatioi)  vvitb  regartl  lo  tbi-  olijoi^ts  o(*  nntiire  is  obtained 
through  these  ehiuinels,  whieb  are  consequently  the  primitive  souree 
of  all  eonseious  relation  with  the  external  worbU  Sensation  aloiie  in- 
dicates merely  the  pi-rceptiuii  ol'  smin'  irnpre!<sioi)  deriicd  from  without, 
whatever  may  be  its  nnttire.  Tbi-  wnsi's,  uu  tlie  other  band,  fonn  bo 
many  sidxlivisiona  of  the  main  function,  each  of  wbieh  is  devoted  to 
the  pereeption  of  a  partleubir  class  of  pbysieal  properties  or  reactions. 
They  are  dividetl  into  five  diflerent  groups,  namely  :  I.  Ui-neral  sensi- 
bility. 2.  The  sense  of  taste.  3.  The  sense  of  smell.  4.  The  sense  of 
aight.     5.  The  dense  of  bearing. 

Oeneral  Senaibility. 

I  General  sensibility  is  that  l>y  wbieb  we  appreciate  the  simpler  ph^'si- 
'cal  properties  of  external  objects,  eut-b  as  tlieir  consistency,  roughness 
or  sradothuesa  of  surface?,  temperatuie,  and  mass.  It  is  ro  called  be- 
cause it  is  generally  dlH'used  over  the  external  integument,  beside  being 
]>rt'seut  in  most  of  the  mucous  membranv*  near  the  surface.  Notwitb- 
st;nnling  that  this  eutU>wm«Liit  iucbuha  the  )tower  of  perceiving  several 
dirtereul  kinds  of  impression,  they  are  all,  so  far  as  we  know,  eommuni- 
cate^l  to  the  perceptive  centres  by  the  same  uerves;  and  the  grade  of 
sensibility  for  all  varies,  as  a  gcuerul  rub-,  in  the  same  direction  and  to 
the  same  degree  in  dittereut  parts  of  the  Ixwiy.  The  sensations  thus 
produce*!,  though  presenting  some  peculiarities  by  which  they  maj*  be 
distiuguislHMJ  from  each  tither,  are  tbercfoi-c  naturally  comprised  under 
the  singb'  tii-ad  «»f  general  sensibility, 

Sfiifnftonii  Iff  Touch, — Tliia  is,  perhaps,  the  least  complicated  form 
of  sensory  impression,  and  is  known  as  "  tactile  sensibility.''  It  is 
produced  by  the  simple  contact  of  a  foreign  body  with  the  sensitive 
surface,  and  gives  information  as  to  its  solidity,  its  external  conflgum- 
tion,  and  its  indifferent  or  irritating  qiialitien.  Altliongh  there  is  a 
certain  variet}'  in  these  impressions,  vet  they  evidently  l>eb>ng  to  the 
same  group,  and  there  is  no  essential  difference  in  the  effect  prwluced 
by  the  contact  of  sharp-pointed  instriuncnts,  and  that  caused  by  irri- 
tating substances,  like  mustard,  applied  to  the  skin,  ttie  continuous  OJ 

(  5i.3  ) 
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Interraptetl  galvanic  current, 


Fif?.  IKG. 


gent  liquids  pUicctI  U]M>n  tlie  tongotil 
or  pmigeiit  vapors  in  tin.-  nasnl  passages.     These  are  aJl  iuipressioD»( 
tactile  sensihility,  and  ik-peiiil  iipou  a  siiuitar  irritation  of  the  periphtrnl 
nervous  extremities. 

Tint  structun',s  especial!)'  flevote<J  to  the  exercise  of  tactile  sen»ibilit| 
are  miiiulc  bulbous  organs  develojie<l  upon  the  terminal  extreniitic>  < 
the  nerve  filtrrs  in  tla-  pai»illie  vf  tlie  bkin  and  a<Ijacent  niticous  mw 
liraues,  in  eacii  of  wbieh  two  siluoliona  they  present  certain  di»tiuguiBi( 
iiig  features,  though  their  essential  character  is  the  same  in  ImiUi.    Ji 
the  skin,  these  organs  nre  known  nu  the  tactile  rtiTrpunrlfs.     They  Jir 
elongalcfl  oviil  bodies,  nieasiuiiig,  aeeordiitg  to  Kolliker,  ubotiC  t*j  of 
millimetre  in  length   by  ^'g   of  a  millimetre   in  thiekue&s.     Tbcy  ami 
situated  in  the  8uli>*tajice  of  eertnin  of  the  p^ipilla",  with  their  long  axvt 
plawd  longiludiiiaJly,  and  extenrliiiL:  lu-aiiy  lo  the  free  extremity  of  the 
organ.     Tlu-y  ait*  not  lo  be  found  in  all  of  tlie  p:ipillic,  since  even  at  the 
end  of  the  index  finger,  where  they  are  most  abundant,  according  lo^ 
the  obHcrvations  of  Metsener,  not  more  than  one  papilla  in  four  it*  pr 
videil  with  a  taeltle  eorpusele.     Tlie  papillee  c«)ntf»ining  the  <■  ' -»1 

are  not  sup|ilii'd  with  bloo<l vessels;  while  the  reniain<ler,  coi  - 

the  large   majority,  contain    capillary   l«l« 
vessels,  but  no  taetile  corpuscles.     The  lai-till 
corpusele  itself  consists,  1st,  of  a  sheath,  cx< 
hibiliiig   a  Dumber  of  transverse  nuclei,  anj 
considered  as  representing  a  form  of  conncoj 
tive  tissue;  2d,  of  an  inclosed  mass  of  trtiii 
parent,  homogeneous  niat^M'ial ;    and,  3d,  ofT 
one  i>i'  two  nietbdlated  nerve  fibres,  %  hich  pa«  ' 
ujiward  from  the  superficiiU  plexus  of  tlie  skin 
through  the  substance  of  the  |>a]>illn,  reach  ibeJ 
tactile  coipuseb',  wind  roun<l  it    in   a  epirjiJ 
direetion  toward  its  apex,  and  finally,  losing] 
their  medullary  layer,  temiinate  in  some  nmii 
uer  not   yet   distinctly   ascertained.     Tactik 
corptiseles  have  bei-n  fonnd,  in  man,  ofion  tL«] 
dorsal  find  palmnr  surfaces  of  the  ban*!  arnlj 
foot,  upon  the  nipple,  and  upon  the  anterinr  [mrt  of  the  forennn. 
their  abniidarice  in  tijese  different  regions  corresponds  witli  the  local 
acntenesh  of  sonsibity,  the3-  are  undoubtedly  to  be  regnrdeil  as  the  specijU 
oi'gaiis  of  tonch.  though  not  perhaps  the  o'lly  form  ol  ner^'c  «lructor 
capable  of  exercising  this  function. 

In  the  conjunctiva,  the  red  |>ort.i(m  of  the  lips,  the  tongue,  the  Bol 
lingual  mucous  niembnini-,  and  Ibc  <:lfvns  penis,  the  organs  of  touch  nr 
constituted  by  the  ifrminal  bulbs  of  the  nerve  fibres  in  these  regions 
These  organs  differ  from  the  tactile  corpuscles  mainly  in  their  smalk 
size  and  the  gnatt-r  sim]ilicity  of  their  structure.  In  ra.nn,  according  W 
Kolliker,  they  are  for  the  most  part  nearly  spherical  in  form,  though 
in  the  inferior  animals  they  are  often  elongated  ami  club-shape<l.    Thed 
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consist  of  a  ver^'  thin,  external  envelojie  of  connective  tissue,  inclosing, 
as  in  the  tactile  cor|jiiscle,  a  mass  of  homogeneous  or  finely  granular 
substance.  The  iiie«lullate<l  nerve  (ihre  wliit-li  iierielrates  the  buIU,  loses 
its  meiluJlary  hiyt-r  nt  its  etitrniicir,  ami  runs  tliraiigh  the  ceiitrni  hoino- 
^eut.*ou»  >>iil)st;ttn.c',  to  lermiuaLe  by  a  free  extreriiitj  near  its  a|K'X. 
lit'lh  the  tactile  corpubcLes  and  the  terminal  buUts  are  therefore  anatomi- 
cal forms,  in  which  the  axis  eylimler  of  the  sensitive  nerve  fibre  termi* 
nates,  aftiT  divesting  itself  of  its  medullary  layer. 

The  tnrlile  seusiitility  varies  considerably  in  ditferent  regions  of  the 
integument.  The  best  method  of  appreciating  this  variation  is  that 
adopted  by  Welx-r  and  Vsdentin.  It  ojnsists  in  apj>lying  to  different 
parts  the  points  of  a  pair  of  tompaHses,  tipped  with  suitable  |>ieces  <d 
cork.  Jf  these  p<jints  l)e  applie<i  to  the  akin  when  fixe<l  at  very  short 
distances  apart,  the  two  sensations  cannot  be  accurately  ilistinguished 
from  each  other  but  arc  hlendeil  into  one;  and  the  impression  thiw  pro- 
duced is  tlittt  of  a  single  contact.  The  minimnni  «listance  at  which  tlie 
two  points  cnn  Ik?  distinguished  by  the  integnmi-ut  tlius  becomes  a 
measure  of  its  sensibility  at  that  spot.  The  observations  of  Valentin,' 
T^'idch  are  the  most  varied  and  complete  in  this  respect,  give  the  follow- 
ing  as  the  limits  of  distinct  iierceptiou  in  dillfreul  regions: 

DlSTAWOI    AT    WHICH    TWO    POINTS    MAT    BR   SIPAaATKLV    DI8TTNOUI8HRD. 

At  the  tip  of  tongoB LOO  millimetre. 

"        palmar  surface  of  tips  nf  finp»>rs    .         .  1.50 

or  srroinl  pliulanpea       .  3.24  " 

"            "            "        of  first  phttlangca .        .  3.44  " 

"        dorsum  of  tonjnie 5.22  " 

••        diiraid  Barface  of  fingers          .        .        .  8.12  " 

chwk 9.46 

back  of  hand 14.50 

"        Kkiii  of  thnmt 17.27  " 

"        dorsum  of  fiiot 26.10  " 

"        fnitit  of  sternum 33.07  " 

niiadle  of  buck 50.43 

This  method  does  not  receasarily  give  an  absolute  measure  of  th  j 
actiteiifHH  of  sensibility  in  tbe  flid\Ti-rit  regions,  since  the  two  points 
might  be  less  ensily  distinguisheil  finrn  each  other  in  any  one  region, 
and  yet  the  ahsohite  amount  of  sensation  produce*!  might  be  as  great 
as  in  the  surrounding  pails;  but  it  undoubtedly  affonls  an  accurate 
estimate  of  the  dt'/tmnj  nf  tacliie  sensation,  by  wbich  we  distinguish 
slight  inequalities  in  tbe  surface  of  solid  bodies.  Tliere  is  every  reason 
to  lielieve  that  the  two  qualities  of  delicacy  and  acuteness  of  local  sensi- 
bility correspond  with  each  other  in  their  degree  of  development  in 
various  localities;  since  the  regions  where  tactile  sensibility  is  most 
delicate  are  frequently  found  to  be  also  those  wliere  tlie  amount  of 
eensatitm  is  the  greatest.     A  feeble  galvanic  current  may  lie  jjcrceivwi 

'  Id  Todd's  Cyclopedia  of  Anatomj  and  Physiology,  vol.  iv..  article  on  Tooch. 
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when  np[ilied  to  tho  tips  of  the  fingers,  thongli  it  will  proliioe  no  Jmprp* 
&ion  on  the  rest  (^f  Ihi-  limlis  or  tniuk  ;  ami  (»ne  which  is  tou  fjuiit  to  Ik 
ilistingiiished  by  the  fhigers  may  l)«  |>erceplil)lf  at  the  tiji  of  the  toncw. 

Certain  prirts  of  the  boity,  ftuthermore,  ait  especially  well 
for  use  as  organs  of  toncli,  nut  only  ou  Dccounl  of  their  acute  >h 
hut  «I.'^o  owing  to  their  coiifonuation  autl  mobility.     In  miiii,  the  tiniuM) 
nre  the  most  fuvorahty  conatriicted  for  this  purpose,  by  the  num<*npti9 
articubtions  an<l  variid  power  of  nioveraeut  of  the  fingers,  by  wliii-iiJ 
tiiey  may  !«;  applied  to  solid  surfaces  of  any  form,  ainl  brought  sut-o^*- ' 
sively  in  contact  with  all  their  irregularities  ami  depressions.     We  ar»J 
thus  enabled  to  obtain  the  most  pivcise  information  as  to  the  textui 
consiateuc^-,  and  configuration  of  foreign  bodies. 

But  the  hand&  are  not  the  esriusive  organs  of  tonoh«  even  In  tttaa 
and  in  the  lower  animals  the  function  is  mainly  perforraod  by  other  parUbi 
Jn  tlie  cat  and  in  the  seal,  the  long  liristles  BeaUnl  upon  the  lips  are  used 
for  this  [mriKtse,  each  bristle  being  connoctod  lit  its  base  with  a  nervous 
papilla;  ainl   in  the  elephant  the  end  of  the  nose,  which  is  devclofif^lj 
into  a  flexible  and  sensitive  proboscis,  is  eniploj'ed  as  the  principal  orgaa 
of  touch.     This  fnnction,  therefore,  may  be  performed  by  one  jiart  of] 
the  body  or  another,  provided  the  accessory  organs  be  developed  la  a 
favorable  manner. 

About  tlie  head  and  face,  the  sensibility  of  the  skin  is  principally  de-l 
pendent  upon  bniuches  of  tlie  flfth  pair.     In  the  neck,  trunk,  anrl  exlns- 
niitics  it  is  duo  to  the  ficnsitive  fil>res  of  the  cervical,  dorsul,  and  lumf»r 
spinal  nvrvcs.     It  exists,  to  a  coiisiiUrable  extent,  in  the  mucous  meat-] 
branes  of  the  mouth  and  nose,  and  of  other  passages  leading  to  the  itt- 
terior.    The  sensiliilitj"  of  the  mucous  membranes  is  roost  ncute  in  parts 
su]»plicd  by  branches  of  the  filTth  (lair,  namely,  the  cfinjunctiv.^  anterior 
l»:irt  "f  the  laies,  inside  i;f  the  lips  and  clieeks,  and  the  anterior  two* 
thirds  of  the  tongue.     The  tactile  Bensibtlity,  which  is  rcsiident  in  tlifl 
iskin  and  in  a  certain  portion  of  tlie  mucous  membranes,  diminishes  in  ^J 
degree  from  without  inward,  and  disapiwars  altogether  in  tlie  internal  ^| 
organs  whitrh  are  not  abundantly  supplieil  with  nerves  from  the  cerebro- 
spinal system. 

WItile  the  general  sensibility  of  the  skin,  and  of  the  macoua  mem- 
braui's,  varies  in  aenteneas  in  ditfeient  j)arts  of  the  l)ody,  it  is  et'rrf- 
v/nre  (he  name  in  kind.  The  tac'tiie  sensations  prixluceil  liy  tlio  con- 
tact of  a  foreign  botiy  are  of  tlic  same  nature,  whether  they  be  fell  bv 
the  tips  of  the  lingers,  tlie  dorsal  or  palmar  surfaces  of  the  hnndsfi.,  tb« 
lips,  cheeks,  or  any  other  part  of  the  integument.  Their  only  didferencv 
is  in  the  intensity  and  distinctness  of  tlie  iuipn^ssions  produeetl. 

The  appreciation  of  the  iveighl  or  mass  of  a  foreign  Ixnly  is  obtained 
from  the  degree  of  pressure  which  it  Cixuses  upon  the  integument,  when 
supjtorted  b}'  the  hand  <u-  other  part  of  tlie  bo<ly.  It  does  not  np^^tear 
that  any  other  kind  of  sensation  is  necessary  for  this  puriKise,  althonyh 
we  generally  also  employ,  in  estiiniitiiig  a  weight,  the  degree  of  niu&t'ulAr 
elfort  required  to  sustain  it.     If  the  hand,  however,  be  rested  upon  some 


di 


GENERAL    SENSIBILITY. 


607 


solid  B«p[>ort,  and  tlie  foreign  btwly  Jjlaceil  ujioii  it,  its  weight  i»  then 
ftpprt-oiftted  sok-ly  hy  the  niiiouiit  of  pressure  which  it  cuUi^es.  The 
»cni4Htiui)  <jf  niUHL-uLar  contraction  is  itnelf  r.  result,  so  far  as  we  ran 
judge,  of  the  physical  impression  jirotJiiced  upon  the  8«n»itive  nerve 
filtres  in  the  miisoulnr  tissiu' ;  niid  there  is  tiothino:  to  indicate  that  it 
ditl'erg  essentially  from  that  caused  by  pressure  upon  tlie  nerves  of  the 
integument. 

Sfunations  of  Trmperoture. — The  a|>preciatioii  of  temperature  is  also 
most  highly  developcil,  ;is  a  general  rule,  in  tlwse  juirts  which  have  the 
greatest  share  of  tnettle  aensiiijlity.  The  dKrerence  in  this  resjH>et  Ijc- 
tween  the  iutegumeut  of  the  face  and  that  uf  the  scali»  is  very  inarkeil  ; 
since  hot  appliculious  may  he  rervdiiy  lionie  U|»on  the  scalp,  which  would 
)>e  nearly  or  quite  lutulenible  ujiou  the  face.  Tlie  extent  of  surface  ex- 
posed to  ft  given  teni])en»turo  has  aUo  nu  influence  ui>on  the  effect  [iro- 
ductHl,  nud  ft  uiodciale  degree  of  either  warmth  or  eld  a[iplie<l  nver  a 
considerable  portion  of  the  skin  is  much  more  readily  perceive<l  than 
if  couflued.  to  a  limited  region.  Tiiere  ia  evi<lence  that  the  imprest- 
sions  of  temperature  nncl  those  of  touch,  if  transmitted  l)v  the  same, 
filires,  dc[H-ud  ujjon  two  diflerent  forms  of  ricrvmis  excitutiou,  or  ar©' 
received  by  diflerent  peripheral  nervous  Btnictures;  since  abundant 
instances  ha\'e  been  obscrii-d  in  which  one  of  these  two  kinds  of  sensi- 
bility  was  impaired  imlepcndently  of  the  other.  In  various  forms  of 
parftl3-8i9,  tactile  »cnf-ibilii\'  nuty  Ikj  li>st  while  that  of  temper.nture  re- 
mains ;  or,  on  the  other  liand,  the  power  of  appreciating  tem|>erature8 
may  diaapiiear  while  imjiressiona  of  contact  eontinue  to  be  perceive*!.' 

SensatiotiH  of  Tain. — The  sense  of  i>ain  is  didereut  in  ehariicter  from 
that  caused  by  tactile  impressions  or  by  vnriatious  in  teni|)erature.  It 
is  eausicd  by  any  exaggerated  mechanical  irritation  or  by  the  application 
of  excessive  heat  or  cold  ;  btit  in  nil  Ihet^e  instances,  when  the  intensity 
of  the  inipressiou  rises  above  a  certaiii  p«)iiit,  the  onlinary  perceptions 
j)riHluced  by  it  disappear,  ami  that  of  pain  takes  their  place.  Thus  if 
the  blade  of  a  knife  or  the  point  of  a  needle  be  placed  gently  in  contact 
with  the  ekiu,  we  perceive,  by  means  of  tactile  Bensibility,  the  character 
an<l  ft>rm  of  its  surface.  But  if  tiie  pressure  l)e  increased  beyond  n  cer- 
tain d<'<;ree,  or  if  the  iutcgninont  be  actually  wouude<l,  we  obtain  no  pre- 
cise information  of  tiie  pliysical  qualities  of  the  foreign  body,  and  are 
only  conscions  of  the  pain  which  residt^.  The  appreciation  of  cold  or 
warmth,  in  like  manner,  is  only  |>ossible  within  moderate  limits;  and 
wlien  tlio  variations  are  so  excessive  as  to  jirwluce  pain,  all  accurate 
perception  of  the  degree  of  t<-mperature  is  lost.  The  contact  of  a  re<l- 
bot  iron  and  that  of  one  much  1k?1ow  the  freezing  point  of  water  produce 
sensations  which  arc  not  essenlially  different  from  each  other,  and  which 
are  uiarketl  only  by  their  painful  chanictcr. 

Jt  is  not  known  whether  the  sensation  of  pain  be  confined  to  nerve 


'  Brown-P^qnnrd,  Physioln^  nnd  Pathology  of  the  Ceutrul  Nervons  Sptem. 
Philadelphia,  1860,  pp.  84,  9B,'  1*25. 
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fibres  whioh  are  clistincl  from  those  en<lowed  with  otlicr  furros  of  gi-Dcra! 
SiMisiliilityi  hut  it  is  ct-rtnin  tliat  it  may  be  preserviii  «)r  lost  imiepvXhletiUt 
of  the  other  varieties.  'I'lte  luntsthesia  whit-h  is  pr<xluee«i  by  the  inbji- 
Intion  of  ether  or  chlotoCortii  iiiuy  l>e  carcied  to  such  a  jK>inl  ihal  tlit 
capacity  fwr  fettling  [>a.iii  in  abolished,  while  taetik*  sensibility  retuaiu-'. 
so  that  the  wouikLs  caused  by  juincturiug  or  cutting  instruments  mnjr 
be  felt,  though  unaccompanied  by  imy  sense  of  sutfering.  Similar  "K 
nervations  have  been  lunile  in  cases  of  paralysis  where,  It  is  well  known, 
the  patient  may  perceive  the  contact  of  foreign  iMxIies  or  the  jiriek  of 
»  pin,  bnt  at  the  same  Liuie  may  not  experience  from  them  any  painful 
sensation  ;  or,  on  the  other  hainl,  the  sense  of  pain  may  jier^ist  in  the 
atl'ecte^l  )>nrts,  while  thiit  of  touch  is  dimintsheJ  or  lost.'  Nolwitb 
hianding  this  apparent  independence  of  the  iinme<1iate  condition«  neces- 
sary for  the  sensation  of  pain,  it  is  transmitted  by  fibres  of  the  mid* 
nerves,  belonging  to  tin-  cerebro-spinal  system,  which  convey  onlinari' 
impressions;  and  nerves  which  are  mdowed  with  the  roost  acute  tactile 
sensibility,  like  the  branches  of  the  filth  pair,  are  also  capabk-,  when 
irritate*!  by  injury  or  disease,  of  giving  rise  to  the  severest  painfnl  Im- 
l)ressJon3. 

Mtxle  of  Action  of  ihp  SfVi^cs  in  general. — There  are  certain  ftid5 
connecte<l  with  the  exercise  of  general  sensibility  Mhioh  are  also  com- 
mon to  the  o})eration  of  all  the  senses,  ami  which  are  of  sufficient  im- 
portance to  be  considered  by  iheniselves. 

In  the  first  |»lace,  an  iniiiression  (yf  any  kind,  made  upon  a  Minsitive 
organ,  rfmainif  for  a  glmrl  time  after  the  remotmt  of  Hh  immedtate 
nnme.  Tlie  state  of  excitement  prodnciKl  in  the  nervous  expansions 
and  fibres  has  a  certain  degree  of  per>»istence,  which  is  longer  in  dumtion 
for  some  organs  than  f<ir  others,  but  wliirh  exists  in  some  ilegree  for 
all.  The  sense  of  sini]iSe  eontuct  i»r  pressirre  of  a  foreign  body  upon 
the  skin,  especially  if  it  l>e  somewhat  forcible  and  continued,  remaioii 
fur  a  ]tereeptibie  interval  after  the  foreign  body  is  removefl.  The  feel- 
ing of  cold  or  warmth,  fnim  the  npfilicnlion  of  ice  or  heated  liquids, 
lasts  more  or  less  after  tlie  npj>licatuin  is  discontinne«l.  Kven  in  llie 
case  of  sight  and  hearing  it  is  easy  to  verify  the  same  fact;  and  the 
duration  of  coritintinnee  of  the  nervous  inipn-ssion,  though  very  sliort, 
has  been  found  in  nniny  instances  susceptible  of  measurement. 

Secondly,  the  organs  of  sense  after  a  time  bet-ome  avouitlomvd  to  a  con- 
tirtHcd  impreKsiony  so  that  lliej'  no  longer  perceive  its  existence.  If  R 
uniform  pressure  be  exerted  n])on  any  pt>rt  of  the  body,  the  oonapressin^ 
suliHtniue  at  last  fails  to  excite  sensation,  and  we  n-main  nnconscitmn  of 
its  existence.  In  order  to  attract  tmr  notice,  it  is  necessary-  U*  increase 
or  diminish  tlie  pressure  or  to  change  its  locality  or  direction. 

The  olfactory  ajiparatus  also  becomes  habituated  to  odors,  whether 
agreeable  or  disagreeable  in  their  nature,  in  the  confined  air  of  a  close 

'  r.ri>wii.Sef|n:iri!.  Plipiolnfrv  and  Patliolopy  nf  (he  Central  Nervous  Synlt^, 
riiilii*Je|phia,  lSf>0,  pp.  97,  126.  Haintnond,  Disca-ses  of  the  Nervous  SyatulO. 
New  York,  IbTl.  p.  82. 
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aparlmcnc ;  although,  nn  first  entering  frfira  without,  the  attention  may 
have  Ik"*!!  Rttraottd  by  tlu-m  in  a  decided  taaniu-r.  A  continuous  ntifi 
iinirorm  sound,  liki^  tlie  stuaily  rumbling  of  carriages,  ur  the  monotonous 
hissing  o("  hoiling  wnter,  liecotuea^itTLer  it  time  inaudible  ;  hut  sis  soon  as 
thi?  souucl  ceast'8,  wv  notice  the  ^ilterution,  :iud  uur  attention  is  at  once 
excited.  The  senses,  acconllngly,  receive  their  stimulus  more  from  the 
vnriiitioii  and  contrast  of  external  imprcsbiioQS,  than  from  tliese  Impres* 
siou.H  theniselves. 

Another  impnrtaiit  particular,  in  regard  to  the  scnHcs,  is  their  capacity 
fur  f.dtiealuui.  The  touch  can  be  so  trained  that  the  hliud  may  reail 
wonia  and  sentences  by  its  aid,  in  raised  letters,  where  an  ordinary 
observfT  would  hardly  detect  more  than  a  pliuht  inequality  of  surface. 
The  e<iHcated  eye  of  the  artist  or  llie  nutnraliat  will  distinguish  varia- 
tions of  color,  size,  anil  outline,  quite  inappreciable  to  ordinary  vision  ; 
and  tlie  senses  of  taste  and  smell,  in  tliose  who  are  in  the  habit  of 
ex!imitihig  wines  ami  perfumes,  acquire  a  similar  superiority  of  discrimi- 
nating power. 

In  these  instances,  it  is  not  the  organ  of  sense  itself  wtiioh  becomes 
more  perfect  in  organization,  or  more  susceptible  to  sennit ive  impres- 
sions. The  fnnctioiial  [lower,  developed  by  cultivation,  <lepen<l9  upon 
the  increased  ilelicMcy  of  the  perci'ptire  and  dinrriminn/ing  faculties. 
It  is  a  mental  and  not  a  jihysical  BU|ieriority  which  gives  the  painter  or 
the  naturalist  a  greater  farility  for  distinguishing  colors  and  outlines, 
and  which  enables  the  medical  observer  to  delect  nice  Viinntions  in  the 
sounds  of  the  heart  or  the  nspiratory  mnnnur  of  tlie  lungs.  The 
impressions  of  external  ol»jects,  to  produce  their  complete  elh'Ct,  mnnt 
first  Ik.'  received  by  a  sensitive  apparatus,  which  is  iierfect  in  organiza- 
tion antl  funcfiotifd  activity  ;  and,  secondly,  tltey  must  be  subjected  to 
the  action  of  an  intelligent  perception,  by  which  tiieir  mitui"e,  source, 
an<i  relations  are  fully  appreciated. 


Beside  the  emhiwment  of  general  sensibility  distributed  over  the 
integument,  there  «re  utlier  fnttilties  by  which  we  appreciate  particular 
[>hysical  qualities  or  phenomena,  namely,  those  of  taste,  o<lor,  ligiit,  and 
sound,  the  exercise  of  which  is  confined  tospeeial  organs,  having  a  struo- 
lure  adafited  to  that  |iur|)ose  alone.  These  are  called  the  xjif  rial  Hfnmcit. 
Their  organn  tlirt'er  fiura.the  general  integument  in  their  more  comjili- 
rntcd  structure  nnd  in  the  ilelicatc  and  varied  character  of  the  functions 
which  they  perform.  They  are  incajtable  of  feeling  pain,,  similar  to  that 
jXTeeived  by  the  nerves  of  general  sensibility,  though  they  may  com- 
municate disagreeable  as  well  as  jdeasing  impressions.  The  light,  how- 
ever intense,  has  no  ])erceptible  effect  when  allowed  to  fall  upon  tlie 
skin,  and  causes  a  sensation  only  when  adroitteil  U»  the  eye.  The  imprei*- 
sion  <if  sound  is  apj^reciated  only  by  the  ear,  and  that  of  odors  only  by 
the  olfactory  membrane.  These  diflerent.  Kensations,  therefore,  are  not 
merely  exaggemtitms  of  ordinary  sensibility,  but  are  peculiar  in  their 
nature,  and  are  in  relation  with  distinct  properties  of  external  <ibject8. 


THE   SENSES. 

Eiifh  organ  of  sjK'Pial  seiiRe  consists — F'irst,  of  a  nerve,  endowed  with 
the  special  sensibility  reqiiite<l  for  its  peculiar  fuuctiun  ;  and,  SeciniU}*, 
of  certain  accessory  parts,  Ibrniing  an  apparatus  atlMpte<l  to  ai*l  iu  the 
performauce  of  this  function,  and  render  it  more  delicate  and  complete. 

Sense  of  Taiste. 

The  sense  of  taste  is,  in  some  meaiiure,  intermtnliate  in  character 
lM?twcen  the  funetiong  uf  general  and  H|)eciid  sensibility.  First,  the 
orgnn  hy  wbicli  it  is  exercised  forms  a  part  of  the  mucous  membrane 
lining  tlie  cornmencenient  of  the  alimentary  canal,  furnislieii  with  vas- 
cular and  nervous  )>apilhe  analogous  in  structure  to  those  of  the  general 
integument.  Sevundly,  this  miicofis  niembrsine  is  :d«o  endowed  with 
yetiend  sensibility.  Although  it  is  highly  piobuble  that  certain  minute 
fcnnations  in  its  ej>itheliul  layer,  known  as  "  laste  buds,"  may  be  esjie- 
cinlly  conueeleil  with  the  perception  of  savors,  there  is  thus  far  no  cer- 
tainty in  tliift  resjK'ct ;  and  in  any  c.oae  the  tactile  and  gustatory  srnai- 
bilities  are  eh'sel)-  intermingled  in  the  substanee  uf  tlio  niueous  mem- 
bnine.  Thirdly,  the  sensibility  of  taste  is  not  eoidined  to  the  Bbres  of 
one  special  and  distinct  nerve,  but  resides  in  portions  of  two,  namely, 
the  lingitfd  branch  of  the  fifth  ptdr  nnd  the  glossopharyngeal  nen'e, 
which  also  supply  general  sensibility  to  tite  c«irreHpfmiling  part*. 
Fourthly,  this  sense  gives  rise  to  impressions  only  from  the  actual  con- 
tact of  sapid  substances  with  the  nuicons  mendnane,  and  can  establish 
no  communication  with  objects  at  a  4listancG  ;  and  Fifthly,  tiiongh  some 
of  the  injpressions  derived  from  this  source  .nre  t>f  a  disjinet  and  sfK^cial 
charnet<'r,  others,  like  the  taste  of  oily  or  mucilaginous  substances,  differ 
but  little  in  khul  from  those  of  tactile  sensibility. 

The  sense  of  taste  is  localized  in  the  mucous  tnembrane  of  the  tongue, 
the  soft  ]»fdrtte,  arifl  the  pillars  of  the  fauces.  Tiie  ttmgue,  which  is  mor« 
particnlariy  the  seal  of  this  sense, is  a  thittened,  lenldike  muscular  organ, 
attached  to  Ihe  inner  surface  of  the  symphysis  4jf  the  lower  jaw  in  front, 
and  to  the  os  hyoides  behind.  It  has  a  vertical  slieet  or  lamina  of  flbrous 
tissue  iti  the  median  line  which  serves  as  its  framework,  and  is  providwl 
with  longitnclinal,  trnusverse,  and  radiating  muscular  fibres,  by  which  it 
can  be  elongate<i,  retracted,  and  moved  in  every  direction. 

The  raucous  membrane  of  the  fauces  and  jxistcrior  third  of  the  tongue, 
tike  that  lining  the  cavity  of  the  mouth,  is  covcjed  with  vascular  ]>apilla>, 
antdogous  in  structure  to  those  of  the  skin,  !nil  ]udK;<lded  and  concealed 
in  the  smooth  layer  of  e])itlielitini  fornuug  the  surface  of  the  organ. 
Upon  the  dorsum  of  the  irmgue,  about  the  junction  of  its  poBterior  and 
middle  thirds,  there  is  a  double  row  of  rounded  eminences,  arrangrnl  in 
a  V-shai)ed  figure,  running  fiirward  and  outward,  on  each  side,  from  the 
situation  of  the  fornmen  ejvciitn ;  and  from  this  point  forward,  the 
mucous  ?nembr:ine  is  coveretl  with  thickly-set  papilhe,  containing  ncn-fs 
and  blootlvessela,  an<l  giving  a  soft  velvety  texture  to  the  surface  of  the 
organ. 

The  lingual  papillae  are  of  three  ditfcrent  kinds.     First  tUe  ^li/orm 
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papills^  which  are  the  must  numerous,  and  which  cover  most  uniformly 
the  upper  surface  of  tite  tongue.  They  arc  long  and  alender,  and  are 
covered  with  homj*  epithelium,  usually  prolun|;ed  into  Sbmuiituu»  tufts. 
At  the  edges  of  the  tongiiu  they  are  oJttn  united  into  parallel  ranges 
or  ridges  of  the  mucous  membrane.  8e*.otidly,  the  fungiform  papillae. 
These  are  thicker  ami  larger  than  the  foregoing,  of  a  club-shaped 
figure,  and  covered  with  sott  epitlielium.  They  are  most  abundant 
at  the  tip  of  the  tougue,  but  muy  l>e  seen  elsewhere  on  the  surface  of 
the  organ,  scattered  among  the  filifunn  pnpillte.  Thin-ily,  the  circum^ 
vallate  papillae.  These  are  the  roundetl  eminences,  eight  or  ten  in 
number,  which  form  tiic  V-shajneil  figure  near  tlic  situation  of  the  fora- 
men ca'cura.  Each  consists  of  a  central  eminence,  surrounded  by  a  wall 
or  circumvallatiun,  from  which  tlu-y  derive  their  name.  The  cireura- 
vallatiou,  as  well  us  the  eeutml  eminence,  has  a  structure  similar  to  that 
of  the  fungiform  pApilte, 

The  sensitive  nerves  of  tlie  tongue,  as  above  mentioned,  are  two  in 
nurol)er,  namely,  the  lingual  branch  of  the  fifth  pair,  and  the  lingual! 
portion  of  the  glossopiiaryngeal.  The  lingmU  i>ranch  of  the  fifth  [lair 
enters  the  tongue  at  the  anterior  border  of  the  hyo<(lossal  muscle.  Ita 
tirauchea  pass  from  below  upward  and  from  behind  forward,  between  the 
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UtAOBAM  or  THE  ToNorK,  wllh  Iti  lenilllTC  nerrei  und  ropHIie.— I.  LingUAl  brkftOk 
of  the  tirtli  pair.    S.  OluicophnnrDgeAl  aerre. 

TOUscnlar  hundlps  of  the  organ,  until  they  reach  its  mucous  membrane. 
The  nerve  fibres  then  penetrate  the  lingual  pajtilla?,  where  they  termi- 
nate, partly  in  the  "  terminal  bulbs"  already  described  (p.  594),  and 
partly  in  a  manner  not  yet  dJstinotly  ascM-rtained. 

The  lingual  portion  of  the  glossopharyngeal  nerve  passes  into  the 
tongue  IkMow  the  posterior  border  of  the  liyoglossua  muscle  It  then 
divides  into  various  branches,  which  pass  through  the  muscular  tissue, 
and  are  distritiuted  to  the  mucous  membrane  of  the  base  and  sides  of 
the  organ. 

The  mucous  membrane  of  the  base  of  the  tongue,  of  its  edges,  and 
of  its  nncler  surface  near  the  lip,  as  well  as  that  of  the  mouth  and  fauces 
generally,  is  also  supplied  with  mucous  follicles  furnishing  a  viscid 
89 
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secretion  by  which  its  free  surface  is  lubricate<l.     The  tnusolee  of  \\» 

tongue  are  animated  exdusivel\'  by  tiliunents  of  the  hypoglossal  ner 

The  exavt  neat  of  tlie  stnse  of  taste  has  been  rletermined  by  |»l:kcing 
contiiet  with  different  jmrts  of  the  mucous  DTorobrane  a  small  spou 
luoistened  with  :i  soliilitui  of  some  sweet  or  bitter  substance,     TLc 
perimeuts  of  Duges,  Verniere,  and  Longet,  have  shown  that  taste  resiil 
in  tlic  whole  sujierior  surface,  the  point  and  edges  of  the  tongue^ the 
palate,  fauces,  aud  part  of  the  pharynx.     The  base,  tip,  aud  eilges 
tiic  tongue  possess  the  greatest  amount  of  sen«iibility    l<i  Anvnra, 
inidiUe  {tortioii  of  its  <lorsutn  les^s,  aud  its  inferior  surface  little  or  noi 
As  tht;  whole  anterior  part  of  the  organ  is  supplied  by  the  liugnal  bmii 
of  the  fifth  pair  aione,  and  the  whole  of  its   posterior    portion  by  llif 
glussopharyugeal,  it  follows  that  the  sense  of  taste  is  derived  from  bul 
these  nerves. 

Furtiiermore,  the  tongue  is  8U[(|)lieil,  at  (he  name  time  and  by  thr  m: 
W'Tot;*,  with  gttneral  senxibtlittj  nmi  with  the  npecial  sertxibtlxty  of  i<. 
The  general  sensibility  of  the  anterifir  portion  of  the  tun^u«,  and  tlut 
of  tlie  branch  of  the  tillh  pair  with  which  it  is  supplied,  are  siiifTlcieti 
"Well  known,  SectJou  of  tlie  fifth  p:\ir  flestroys  the  sensibility  of  U 
part  of  the  tongue  as  well  as  that  of  the  rest  of  the  face.  I^onget  foni 
that  after  division  of  the  lingual  brnneh  of  this  nerve,  the  mucous  n 
braue  of  the  anterior  two-thints  of  the  tongue  might  be  cauterized  wil 
a  hot  iron  or  with  potassium  hydrate  in  the  living  animal,  without  pi 
ducint;  any  si^n  of  psiin.  Reid,  on  tlie  other  hand,  determinwl  t 
onlinary  sensibility  exi«ts  in  a  niarkefl  degree  in  the  glossopharyng^ 
nerve,  aud  ia  supplied  by  it  to  the  parts  iu  wliich  its  brauches  are  di 
tributed. 

A  distinction  is  lo  be  made,  in  the  action  of  foreign  substances  tut 
into  the  moutli,lietwecn  the  »pecial  imprfKsionn  derivi'd  from  ihftr  itaf 
qualiiiea^  and  the  general  Herniations  produced  by  their  ordinary  phyni 
propertieti.  As  the  same  substance  is  often  capable  of  exciting  boi 
tactile  and  gustatory  iiupressions,  the  t«o  are  sometimes  liable  to  i 
confounded  with  each  other  The  tniSy  sapid  qualities,  which  we  j* 
ceive  by  the  special  sense  of  taste,  are  savors,  designates!  by  the  tf 
sweet,  bittt'T,  ttalt,  Mour,  alkaline^  nnd  the  like.  Beside  these,  howev 
there  ore  other  clumictors,  iK-tonging  to  various  articles  of  food,  whii 
parlake  largely  of  the  nature  of  nnlin:u'v  physical  properties,  appi 
able  by  means  of  general  sensiliility.  A  aturchy^  oily,  or  muctlaffimn 
taste,  when  uncomplicated  with  additional  savors,  is  but  little  dilferei 
in  kind  from  the  tactile  impressions  |iroduced  by  the  same  siubstaa 
The  quality  of  pxingrnry^  communicated  Uy  the  food  by  the  use  of  c< 
diments,  as  )K-|>t>er  or  mustanl,  is  one  which  is  appreciated  altogeth 
by  the  general  sensibility.  The  aiyptic  tnste  seems  to  be  a  eombinati 
of  an  ordinary  astiingent  effect  with  a  peculiar  excitement  of  the  g( 
tatory  nerves,  analogous  to  that  caused  l^y  the  galvanic  stimulus. 

Furthermore,  the  taste  or  xamir  of  a  substance  is  to  l»e  distinguisi 
from  its  odoriferous  jtroperties  oTjIaoor.     In  most  aromatic  articlea 
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tbcxl,  Bach  as  tea  and  coffee,  and  tlio  various  kiiuls  of  wine,  a  great  i>art 
of  the  effect  produced  is  due  to  the  arama  or  Hinell  witich  readies  the 
Dares  during  ttie  act  of  swallowing.  Even  in  many  kinda  of  solid  foml, 
such  as  CresJdy  cuukcd  nieiits,  tbeir  odor  takes  a  very  imiKirtant  share  tu 
pn>dncing  ihe  imprt'ssiuu  ou  tlie  senses.  If,  during  the  deglutition  of 
sucii  Bubstaiices,  the  uaies  be  compressed  »o  as  to  Busptnd  in  great 
measure  tbe  sense  of  smell,  their  ordinaiy  flavor  becomes  nearly  imper- 
ceptible; and  a  similar  eilect  is  prodiiceil  by  cataribal  inflammatiun  of 
the  nasal  passages,  which  suspends  more  or  leas  completely  the  sensi- 
bility of  the  olfactory  memhraue, 

Neceitnartf  Cunditiotm  of  Ihe  Henge  of  Taste. — There  are  certain  con- 
ditions re<[uisitt5  for  the  production  uf  gustatory  impressions,  beside  the 
integrity  of  the  organ  by  which  they  are  receive<l. 

In  the  first  place,  the  sapid  substance,  in  order  that  its  taste  may  be 
perceiveti,  must  l)e  brought  in  contact  with  tlie  mucous  membnuio  »/i  a 
Hlalf  of  Hoiitiion.  So  long  as  it  remains  solid,  however  marked  a  savor 
it  may  possess,  it  gives  no  other  impression  than  that  of  a  foreign  body 
in  contact  with  the  tongue.  But  if  applied  in  a  liquid  form,  it  spreads 
over  tbe  surfnee  of  the  mucous  membrane,  and  its  taste  is  pt^rceived. 
Thus  it  !8  onlj'  the  liquid  aiul  solitble  poctiona  of  the  food  which  are 
tasted,  Buob  as  the  animal  ami  vegi-tulile  juices  aiid  the  SDJuble  salts. 
Saline  substances  which  are  insoluble,  such  as  calomel  f)r  lead  carbonate, 
when  applied  to  tbe  tongue,  produce  no  gustatory  sensation. 

The  mechanism  of  the  sense  of  taste  is,  in  nil  pnibnbiHtv,  a  direct 
an<l  simple  one.  The  sapid  snbstunces  in  solution  penetralu  the  lingual 
|>apillje  by  euilosmosis,  and,  coming  in  contact  with  the  terminal  nervous 
lilfinients.  excite  their  sensibility  by  uniting  with  the  substance  of  which 
they  are  compose*!.  The  rapidity  with  which  endosmosis  will  tjike 
place  under  certain  con<litiotis  is  sirfllcient  to  account  for  the  iustanta- 
oeous  perception  of  sapid  suljstances  when  intro<luced  into  the  cavity 
of  the  moutli. 

It  is  on  this  aerotint  that  a  free  nerrction  of  the.  tfnlivarij  fluitJg  is 
essential  to  the  full  perfoniKUice  of  the  gustatory  function.  K  the 
month  be  dry  and  parched,  the  food  seems  to  have  but  little  taste. 
When  the  saliva,  on  the  other  bantl,  is  freely  secreted,  it  mixes  readily 
with  the  foo*]  in  mastication,  and  assists  the  solution  of  its  sajjid  ingre- 
dients; ami  the  fluids  of  the  month,  impregnated  with  the  savory  sub- 
stances, are  absorbed  hy  tbe  mucous  membrane,  aiid  excite  the  gusta- 
tory nerves. 

An  important  part  is  also  taken  in  this  process  by  the  movements  of 
Ihe.  toixjue.  By  these  movements  the  foo<i  is  carrietl  from  one  part  of 
the  mouth  to  another,  pressed  against  tlie  hard  iialate,  the  gums,  and 
the  cheeks,  its  aohttion  assisteeJ,  anil  the  i)enetratiou  of  fluitls  into  the 
j>ai>ill8e  more  rapidly  acconiptished.  If  powdered  sugar,  or  a  bitter 
extract,  be  ftim|>ly  placed  upon  the  dorsum  of  the  toniiue,  little  or  no 
effect  is  ]>rochiced  ;  but  wht-n  pressed  by  the  tongue  against  the  roof  of 
the  mouth,  as  in  eating  or  drinking,  ita  taste  is  immcdjately  perceived. 


This  effeet  is  easily  explained  ;  since  it  is  well  known  bow  refimy 
ment  over  a  free  surface,  combined  with  slight  frictiun,  will  fatiliUU 
the  solution  and  imbibition  of  solid  substances.  Tiie  uervous  t*[NU» 
of  the  tongue  may  therefore  be  regarded  as  the  essential  organs  of  taste, 
and  the  lingual  muscles  as  its  accessory  organs. 

lm|tressioiis  of  titsle  made  upon  tlie  tongue  remain  /or  a  certain  litM 
afterward.  WJien  a  very  sweet  or  a  very  bitter  substance  is  takco  ittta 
the  mouthy  its  taste  is  retained  for  several  seoomls  after  it  h«a  be® 
ejected  or  swallowed.  Consequently,  if  sevend  (liHerout  savors  b«- pre- 
sented to  the  tongue  in  ra{n<i  suoeesaion,  we  Jvecouie  iiuuble  to  distUiguish 
them,  and  they  ])roduce  only  a  confuswl  impression,  made  up  of  tJfct 
union  of  various  different  sensations.  The  taste  of  the  first,  reroauting 
in  tiic  mouth,  is  aiingled  with  that  of  the  seeond,  the  taste  of  both  with 
that  of  the  third,  and  so  on,  until  neither  one  can  l>e  diHtingaisheil.  it 
is  notoriously  tmpossihle  to  reeagnize  several  ditfereiit  kinds  of  wiat 
with  tlie  eyes  closed,  if  they  l»e  repeatedly  tasted  in  quiek  succession. 

If  the  substance  first  tasted  have  a  |)articnlarly  markeil  savor,  it! 
impression  will  [ireponderntc  over  that  of  the  others.  Tins  effect  Vi 
especially  pro<luced  by  substances  wliicL  excite  the  general  sensihililT 
of  the  tongue,  such  as  acrid  or  stim (dating  powrlers;  and  it  belongs 
it)  the  greatest  degree,  to  sulistances  wljieh  are  at  the  same  time  sapid, 
pungent,  aiid  aromatic,  like  sweetmeats  tlavoreil  wiih  the  volatile  Oi 
Advantage  is  sometimes  taken  of  this  in  tliu  administration  of  di&agree-l 
able  medicines.  By  first  taking  into  the  mouth  some  highly  flavored 
and  pungent  suhptancp,  nauseous  druijs  may  be  swallowetl  immedintclj 
allerwatd  with  but  little  perceiHion  of  their  disagreeable  qualities. 
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Sense  of  Smell. 

The  distinguishing  charactei-  of  the  sense  of  smell  is  that  it  gives 
intelligence  of  the  physical  quality  of  bodies  in  a  <ja»eoHit  or  vajmroM 
condition.     Thus  by  its  aid  it  is  possible  to  detect  the  existence  of  *a 
odoiiferons  substance  at  a  distance,  and  although  it  may  be  concealwi 
fnim  sight.     The  minute  quantity  of  volatile  material  emanating  fioalJ 
it,  and  pervading  the  atmosphere,  prodnees,by  contact  with  the  olfactor 
membrane,  the  sfiectal  sensation  of  smell.     The  sense  of  smell  differ 
furthermore,  from  that  of  taste  iu  being  more  dislmctly  localized.  Whi] 
the  gustatory  sensibility  is  distributed  over  tlie  whole   niuc<jus  men 
brane  covering  the  dorsum  nn<l  base  of  the  tongue,  and  is  supplie*^!  tqj 
its  various  paits  by  two  dilferent  sensitive  nerves,  that  of  smell  is  con-j 
fined  to  tlie  upper  ]>ortion  of  the  nasal  passages  and  is  dependent  oai 
the  filaments  of  a  single  8|x^cial  ner\'e. 

The  mucous  membrane  covering  the  superior  and  middle  turbinated 
bones  and  the  up|ter  part  of  the  septum  uaHi,  which  is  alone  capable  of] 
receiving  odorous  iuifvressions,  and  is  limited  !>y  a  tolerably  ■well-<lefln«l 
outline,  is  known  as  the  ol/acfurif  mcmbratie.     It  is  easily  distinguiKb>J 
able  from  that  of  the  rest  of  the  nasal  passages:  1st,  by  its  color.  whicllJ 
in  man,  the  sheep,  and  the  calf  is  yellow,  but  in  most  of  the  other  ma 
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inalia  has  a  brownish  tinge;  SiUy,  in  its  softer  and  more  Bticculcnt 
^ionsistency;  and  3dly,  in  the  greater  thickness,  not  only  of  the  wliole 
membrano  Imt  also  of  its  eintfit'Iiiil  layer.  Acc-orciiiig  to  Koiliker,  the 
epilljeliiim  of  tlie  oifwctury  mt-nibraue,  in  the  sheep  and  the  rabbit,  ia 
from  60  to  (i(>  per  cent,  thicker  than  that  of  the  remain  big  nasal  mucous 
membrane.  It  also  dllfers,  acconling  to  the  same  observer,  in  the 
character  of  its  surface.  Iji  most  of  the  ciuadrupeds  the  epithelium  of 
the  Schneiderinn  raucous  membrane  general]}-  is  covered  with  vibrating 
cilia,  which  are  alisent  in  tlic  olfactory  portion  ;  though  in  man  the  vibrat- 
ing cilia  may  also  be  found  ia  the  epithelium  of  the  olfactory  portion 
itself.  This  diflerence  of  atructtire  is  probably  conneoted  with  the 
inferior  acutcness  of  the  sense  of  smell  iin  man,  as  compared  with  many 
of  the  lower  aniinaU. 

The  nasal  passages  are  provided  with  nerves  from  three  difl'crent 
sources. 

I.  The  first  and  most  important  of  these  are  the  filaments  of  the 
olfactory  nerve  (V'l^.  18H,  i>.  They  are  deri ved  immediately  from  the 
olfactorv  bulb,  which  rests  upon  the  cribriform  plate  of  tlie  ethmoid 
bone,  and  fronv  which  they  peucirale  the  nasal  passages  through  the 
perfornlions     in    this     lK)tjy 

lamina.    An  important  peou-  Fig.  188. 

liarity,  however,  shows  it^'cLf 
in  the  nerve  fibres  of  this 
region.  While  the  substance 
of  the  so-callerl  olfactory 
nerves  within  the  erantiil 
cavity,  as  well  a.s  that  of  the 
olfactory  bulb,  contains  dark 
bordered  medullaled  nerve 
flbi-es,  like  those  in  other 
parts  of  tlie  white  9ubst;ince 
of  the  brain,  the  filami-nts 
which  are  given  off  from  the 
under  side  of  the  olfactory 
bulb,  and  are  distributed  to 
the  olfnctory  membrane,  con- 
tain only  pale,  flattened, 
nucleated  nerve-fibres  with- 
out a  medullary  layer.  The 
mait»  questit.n  of  interest  in  regard  to  them  is  that  of  their  final  mode 
of  termination  ;  but  this,  ns  in  so  many  other  similar  eases,  hi»a  thus  far 
escaped  absolute  demonstration.  The  branches  of  the  olfactory  nerves 
frequently  divide  and  sididivide,  forming  microscopic  plexuses  in  the 
substance  of  the  olfactory  membrane  \  and  the  finest  nervous  ramiScar 
tions  are  to  be  followed  without  doubt  nearly  to  the  epithelial  surface 
of  the  membrane  itself.  Accorrling  to  the  researclies  of  Schultze,  con- 
flrme<i  by  those  of  Koiliker  and  Babucbin,  the  epithelium  of  this  part 
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consists  of  two  different  kinds  of  eloiigated  cells,  both  standing  ver 
cally  upon  the  mucous  tnembraiie,  auil  closely  adiierent  to  each  otlicr 
their  tuterul  surfaces.     One  poiliun  are  iiuulogous  in  form  lo  onliutr 
nucleated  coluinnur  epitbelium  cells  ;  tbe  I'unmiuder  are  very  slender 
HUmentous,  exce]»t  in  tlieir  raitUlle  portion,  at  the  situation  of  tbcir  ov| 
nucleus.     The  deeper  portion  of  tbuse  cells,  which  is  also  more  slend 
than  the  rest,  lias  heen  found  to  resemble  the  material  of  the  uerve  libit* 
in  its  reaction  with  solutions  of  gold  chloride;  but  a  direct  contmuity 
of  substance  between  the  libres  and  the  cells  has  not  been  shown  iu  an 
unequivocal  manner. 

There  is  no  doubt  that  the  nerve  filaments  given  off  from  the  ollafr 
tory  bnlb  are  the  special  agents  for  communicating  impressions  of  smell, 
and  that  they  arc  the  only  aaea  endowed  with  olfactorv  sensibiliU. 
This  follows  from  tlieir  exclusive  and  abundant  distribution  totUeolfafr 
tory  portion  of  the  nasal  niondjrano,  from  their  comparatively  large 
development  in  animals  of  acute  smell,  from  the  absence  of  thia  sense 
in  cases  of  congenital  absence  of  the  olfactory  bulbs,  anti  from  it«  low 
in  animals  after  their  clestruction  (p.  515).  So  far  as  ve  can  judge 
from  the  results  of  experiment,  they  are  not  capable  of  receiving  or 
transmitting  any  other  kind  of  sensibility  than  that  excited  by  orlor- 
iferons  substances. 

II.  The  second  set  of  nerves  distributed  to  the  nasal  passages  eoi^ 
sists  of  the  nattal  branch  of  tbn  Ji/'lh  jmir^  and  its  rnmificitions  (Fig. 
188,  5),     This  nerve,  after  entering  the  cavity  of  the  nose  just  iu  adv^ 
of  the  cribriform  plate  of  the  ethmoid  bone,  sends  its  filaments  mail 
to  the  mucous  membrane  covering  the  inferior  turbinateil  lK>ne  and 
walls  of  the  inferior  meatus,  which  are  thus  supplied  with  general 
sibility^  tbough  thej'  arc  destitute  of  the  jtowcr  of  smell.     Some  filamen 
from  this  nerve,  however,  are  alsn  continued  into  the  mncous  membr 
of  the  olfactory  regirm,  where  tli^y  run  in  proximity  to  those  of 
olfactory  nerves;    and  this  region,  accnrrling  to  the  observations 
IJabuchiu,'  possesses  consequently  a  certain  amount  of  general  sent 
biitty,  though  much  less  than  the  remainder  of  the  nasal  passaged^ 

III.  The  third  set  are  tliose  derived  from  the  Kpheno-patatine 
(jlion  of  (he  Kympaihelir  (Fig.  188,  *)  wiiich  supply  the  mncotis  m« 
hranc  of  the  posterior  part  of  the  nasal  passages  and  the  muscles  aiding 
in  tlie  closure  of  the  posterior  n;vres.     Finally,  the  muscles  which 
late  the  expansion  of  the  anterior  narcs  are  supplied  by  filaments  of  i 
facial  nerve. 

Necessary  Conditions  of  the  Sense  of  Smell. — In  order  to  produce 
an  olfactory  impression,  the  emanations  of  the  odoriferous  body  must 
be  drawn  freely  ihroiigh  the  itaxnl  pni<sagen.  As  the  sense  of  smell 
situated  only  in  the  upper  pnrt  of  these  passages,  whenever  an  uou* 
ally  faint  or  delicate  odor  is  to  l>e  perceived,  the  air  is  forcibly  dircctrJ 
toward  the  6U|>erior  turbinated  bones,  by  a  peculiar  inspiratory  roove- 
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luent  of  the  nostrilB,  a  moveraent  which  is  very  marked  In  many  of  the 
lower  animals.  As  the  odoriferous  vapors  tinive  in  tiie  up|)cT  jmrt  of 
the  nasal  pftssnges,  they  lire  probably  tiissolved  in  the  stcrelioiis  of  the 
olfactory  mcmhrane,  and  thust  brought  into  rulatiun  with  its  nerves. 
Inflammatory  disoniers  consequently  interfere  with  the  sense  of  smell, 
lK>th  by  aitering  the  secretions  of  ihe  part,  and  by  pnKluring  a  tume- 
faction of  the  mucous  membrane,  whiuh  preventtj  ibc  free  passage  of 
!tir  through  the  naaul  fosste. 

A  distinction  ia  aloo  to  be  made  Itetween  the  perception  oT  true  odor"^ 
ar.d  llie  i-xeitement  of  the  general  seusibility  of  the  Schneiderian  mi* 
COU8  membrane  by  irritating  substuuees.  Some  of  tlie  true  odors  are 
similar  in  their  nature  to  impressions  [jereeived  bj' the  sense  c»f  taste. 
Tlius  we  h:^ve  swt-et  and  sour  Kmells,  tlioujih  none  fprri'spijndirjg  to  the 
alkaline  or  the  bitter  tastes.  Most  of  the  odois,  however,  are  of  a  j)6- 
eidiar  nature  and  are  dtflleult  to  describe ;  but  Ihey  are  alwa^'S  distinct 
from  the  simjily  inilatiiig  propertii's  which  may  belong  to  vapors  as 
well  as  to  liquids*.  Thus,  piiry  alcohol  ha*  little  or  no  odor, and  la  only 
Htitnuhitingto  the  mucous  membrane  i  while  the  o<)nr  of  wines,  cordials, 
and  [Kirl'uiiiea,  is  communicated  to  thera  by  other  ingredients  of  a  vege- 
table origin.  The  vapor  of  pure  acetic  acid  is  simply  irritating;  while 
vinegar  h.is  also  a  peculiar  odor,  derivetl  from  Its  vegetable eonstituents. 
Ammonia  is  an  irritating  gas,  b<itt  contains  no  proper  oiloriferous  prin- 
ci[>te. 

The  sensations  of  smell, like  those  of  taste,  reoiajn  /"or  a  certain  time 
al\er  they  have  been  ]>rodueed,  and  modify  in  this  way  other  less  strongly 
marked  wlors  preseiitecl  uflerwiird.  Aa  a  general  rule,  the  longer  the 
olfactory  membrane  is  ex|)osed  to  a  particular  o<b>r,  the  longer  its 
elfect  continues ;  and  in  some  cases  it  may  be  perceived  for  many  Itoura 
after  the  odoriferous  substance  has  been  removed.  Odors,  howe\er,  are 
p.irticulaily  a[»t  to  remain  after  the  removal  or  destruction  of  the  source 
li.iio  which  they  were  derived, owing  to  the  facility  with  which  tliey  are 
entangled  b}'  poroufi  aulntanoes,  such  as  plastered  walls,  carpets,  hang- 
ings, and  woollen  clothes. 

The  sense  of  smell,  whieli  is  only  moderately  develo|>e<l  in  the  human 
species,  is  excessively  acute  in  some  of  the  lower  animals,  Tims,  the 
<log  will  not  only  discover  game  and  follow  it  by  the  scent,  but  will  dis- 
tinguish particular  individuals  by  their  odor,  or  recognize  articles  of 
iiress  iK-longing  to  tliem  b^'  the  minute  quantity  of  odoriferous  vapor 
adhering  to  their  substance. 


Sense  of  Sight. 
This  is  the  most  remnrkahle  of  all  the  senses,  both  for  the  siiecial 
nature  of  the  impressions  which  it  wceives,  the  complicated  structure 
of  its  apparatus,  and  the  variety  and  value  of  the  Information  which  it 
alfonla  with  regard  to  external  objects.  It  is  by  this  sense  that  we 
receive  the  impressions  of  light  and  r«jlor,  with  all  their  modiflcatitms 
of  intensity  and  combination,  and  flcc|uire  our  principal  ide«u&  oC  CuitWk,^ 
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space,  and  movement.  The  organs  of  touch,  tasto,  and  ftinoU,  in  opIcj 
to  perform  their  funetions,  must  be  j>laced  in  actual  coiilaut  wilU  lut 
foreign  substances  which  excite  their  activity ;  and  even  that  of  hearing 
is  nffeoted  only  by  the  sonorous  vibrations  of  the  atmosphere,  or  of  soma 
otiur  solid  or  fluid  medium,  liut  the  eye  is  equally  sensitive  to  tbe 
impressions  of  light,  whether  it  come  from  near  or  remote  objects,  or 
even  from  the  iintucasurable  distances  of  the  fixc<l  stars.  It  \»  ilw 
superior  to  the  other  organs  of  special  sense  in  the  rapidity  of  ita  action, 
and  in  the  delicur'y  of  the  distinctions  which  it  is  capable  of  mukinjf 
in  ttie  [ihysical  qualities  of  external  objects ;  and  it  affords  the  most 
continuous  and  indispensalile  aid  for  all  the  ordinary  occuimtiona  of 
life. 

Organ  of  Viision. — The  eyebnll  consists  of  a  spheroidal  fibroos  aan, 
the  sclerotic  coal  (Fig.  I(i9,  3),  gited  with  fluid  and  gelatinous  materi«l, 

Fig.  189. 
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provided  anteriorly  with  a  transparent  portion,  the  cornea  (3),  and 
lined  at  its  posterior  pnrt  with  a  nervous  cxfinnsion,  the  retina  (»), 
which  is  sensitive  to  light,  and  which  receives  the  luminous  rays  admit- 
ted through  the  cornea.  The  cavity  of  the  eyeball  is  tiierefore  lik©  th«t 
of  a  room  with  but  one  window,  where  all  the  ligiit  which  enters  from  tb« 
front  nefi'Hsarily  Rtrikes  ihf-  li:u-k  wnll  of  the  apartment.  There  ai«,  fai 
.  whlition  to  the  wliove-raentioned  parts,  a  transparent  reft-acting  body 
with  convex  surfaces,  the  crystalline  lens  (8),  by  which  the  light  i» 
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concentrated  at  the  level  of  the  retina;  a  perforated  muscular  curtain 
or  iiiaphrogni,  tlie  iria  ( 7 ),  placed  in  front  of  tbf  iens,  which  regulates 
the  quantity  of  light  admitted  through  its  central  oriliee,  the  pupil ;  and 
finally  a  vascular  membrane  with  an  opaque  layer  of  blackish-brown 
pigment,  the  choroid  { i ),  which  lines  tbe  whole  inner  surface  of  the 
sclerotic  and  the  posterior  surface  of  the  iris,  thun  preventing  retlcc 
tioiis  within  tlie  eye,  and  ahsoibing  all  the  light  which  has  once  passed 
through  the  substance  of  the  retina.  The  construction  of  the  eyeball, 
in  its  general  arrangement  as  an  organ  of  vision,  is  not  unlike  that  of 
a  piiotdgrniibic  camera;  where  the  sensitized  plate  at  the  back  part 
represents  the  retina,  the  blackened  inner  surface  of  the  box  the  choroid, 
wliile  the  lenses  of  the  tube  in  front  perform  the  office  of  the  crystalline 
iena  and  cornea  of  the  e5*cbBU. 

Hclerotiv  Goat The  sclerotic,  so  named  from  its  toughness  and  re- 

sistiUK-e,  is  the  external  coat  and  protective  membrane  of  tlie  eyeball.  It 
is  com])09cd  of  condensed  layers  of  connective  tissue,  similar  to  those 
of  the  fftscije  and  membranous  tendons  in  general ;  and  toward  its  an- 
terior third  it  receives  the  tendonsof  the  external  muscles  of  the  eyeball, 
which  become  fused  with  its  substance.  Posteriorly  it  is  continuous 
with  the  neunkiuma  of  the  optic  nerve  (  Fig.  Is9,  i),  which  penetrates  it 
from  behind  at  its  point  of  entrance  into  ihe  eyeball.  A  portion  of  the 
sclerotic  is  visible  anteriorly  tbi-ough  the  conjunctiva,  forming  the  so- 
called  "white"  of  the  eye. 

Cornea. — The  cornea,  which  derives  its  name  from  its  firm  consistency 
and  homo:j;eneou9  a[)pearance,  resembling  that  of  horn,  forms  the  anterior 
part  of  the  wall  of  the  eyeball.  It  is  inserted  into  the  nearly  circular 
space  left  at  this  situation  by  the  deficiency  of  the  sclerotic,  with  the 
texture  of  which  it  is  continuous  at  its  edges;  the  dilference  in  the  phy- 
sical appearance  of  tite  two  being  that  the  sclerotic  is  white  and  opaque, 
while  the  cornea  is  colorless  and  transparent,  so  that  the  colored  iris 
and  dark  pni>Jl  are  vislbk-  through  its  substance.  The  surface  of  the 
ooriu'a  has  a  sharper  curvature  than  that  of  the  sclerotic,  so  that  it  pro- 
jects from  the  front  of  the  eyeball,  like  a  smaller  dome  set  upon  a  larger 
one.  Its  outline,  where  it  joins  the  edge  of  the  sclerotic,  is  a  little  oval 
in  form,  the  transverse  diameter  of  the  cornea,  in  man,  being  slightly 
longer  than  the  vertical  At  its  centre,  it  is  about  0.8  millimetre  in 
thickness,  iM'coming  a  little  thicker  at  its  edges.  Its  anterior  surface  is 
kept  polished  ami  brilliant  by  the  watery  secretion  of  the  lachrymal 
glftuils,  distributed  over  it  by  the  frequent  movements  of  the  eyeball 
and  the  lids. 

At  tiie  outer  border  of  the  cornea,  where  it  joins  the  sclerotic,  and 
where  the  tissues  of  »he  two  membranes  pass  into  each  other,  there  is  a 
small  cavity,  running,  in  the  form  of  a  circular  canal,  the  canal  of 
Schlemm  (Fig,  189,  *),  through  tlie  thickness  of  this  part  of  the  wall 
of  the  eyeball.  The  inner  wall  of  the  canal  of  Schlemm  is  composed  ol 
elastic  and  tendinous  tissue,  and  gives  attachment  to  the  fibres  of  tbe 

liary  muscle  on  the  one  hand,  and  on  tbe  other  to  tbe  outer  border  of 
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the  iris.  Tlie  canal  itself  is  regarcied  by  most  anatomists  as  oocttpirf 
liy  a  venoud  plexus,  which  recuivea  veius  from  tl»c  fili;it\'  nui^rk'  ami 
from  tbtj  iintuiior  part  of  the  sclerotic. 

Choroid, — The  clicu'mld  font  is  a  vascular  and  pigmentary  nniii'iraiic, 
lining  the  inner  suiface  of  the  sclerotic,  and  presenting  sinteriorly  a  thick- 
ened portion,  the  "ciliafy  body."  The  inner  part  of  tlie  ciliary  bo*!/ 
is  thrown  into  a  series  of  nultating  folds,  the  "ciliary  processes,"  which 
surround  the  borders  of  the  crystalline  lens.  The  internal  surface  of  tiia 
clioroid  is  occupied  liy  a  layer  of  hexagonal  iiuelealeil  cells,  closely  packed 
Hide  by  side,  and  filled  with  granules  of  blackish-brown  pigment.  Simikr 
pigment  is  also  deposited,  though  less  abundantly,  in  the  substance  aod 
near  the  external  surface  of  the  choi'oid.  At  its  anterior  part,  tlie  cho 
roid  is  se|)arated  from  liie  internal  surface  of  the  sclerotic  by  theciiiary, 
muscle  (Fig.  189,  «>.  This  muscle  is  composed  of  unstriped  libres,  wbicli 
arise  from  the  inner  wall  nf  the  canal  of  Schlemm,  at  the  junction  ofi 
the  sclerotic  and  cornea,  ami  thence  diverge  in  a  radi.iting  directioa^. 
outward  and  backward,  to  be  inserted  into  the  external  eurCace  of  th*- 
choroid,  at  the  point  wheve  it  begins  to  pass  into  tlie  folds  of  the  ciliary, 
procesaes.  At  the  anterior  and  inner  part  of  the  muscle  there  are  •! 
bundles  of  circular  fibres,  running  parallel  with  the  margin  of  the  cornea- 
The  whole  muscle  is  thus  composed  of  two  parts;  namely,  an  internal 
circular,  and  an  external  radiating  purtion,  the  fibres  of  whicli  are  moreoi 
less  interwoven  with  each  other  at  the  tuner  edge  of  the  muscular  layer. 

Irin. — The  \n%  is  a  variously  colored  meral)rane,  extending  across 
the  antero-posteririr  axis  of  the  eyeball,  attached  by  its  external  bonlef 
to  the  inner  wall  of  the  canal  of  Schlemm,  and  presenting  at  itfi  centra 
the  nearly  circular  orifice  of  the  pupil.  It  consists  of  conne^ivo  ami 
muscular  tissue,  with  an  abundant  8tJi>ply  of  bIon<lvesselH,  and  is  oovened 
on  its  posterior  surface  by  a  layer  of  lilackish-brcfwu  pigment  cells,  con- 
tinuous with  that  of  the  choroid.  The  color  of  the  iris,  whirh  appears, 
in  diflcrent  individuals,  blue,  gray,  brown,  or  black,  depen'ls  upon  the 
abnndnnce  and  dispoi*ition  of  its  ijigmentary  elements.  In  gray  and  blua 
eyes,  the  visible  hue  of  the  iris  dei>ends  ufH>n  the  tlitTuHCHl  light  of  its 
semi-transparent  tissues,  seen  against  the  dark  back-ground  of  the  pig- 
ment layer  upon  its  posterior  surface.  In  brown  and  black  eyes,  tlie 
pigment  is  more  abundant,  and  is  de|M)HTted,  according  to  Kbiliker  and 
Cruveiihier,  not  only  upon  the  posterior  aspect  of  tlie  iris,  but  also  in 
its  stroma,  between  its  fibres,  and  to  some  extent  even  upon  its  anterior 
surface.  It  thus  predominates,  and  extinguishes  more  or  less  oom- 
pletely  the  reflectetl  and  difl"used  liglit  of  the  remaining  elements  of  Uie 
tissue. 

The  position  of  the  iris  is  such  that  while  its  outer  b«)rder  is  attached 
to  tire  junction  of  the  coniea  and  sclerotic,  its  central  portion  lie*  ill 
contact  with  the  anterinr  surface  of  the  crystalline  lens.  Acconling  to 
the  observations  of  Helmholtz,'  the  iris  in  myopic  eyes  is  aometiroea  M 


I 


Optiqae  Physiologique,  traduit  par  Javal  et  Kl«ia.     Paris,  1667,  p.  20, 


SENSE    OF    8I0HT. 


611 


nearly  flat  that  it  throws  no  perceptible  sliaUow  under  an  extreme  lat©- 
rjil  ilhiininatiun ;  but  in  nurmul  eyes,  as  u  rule,  the  portion  imiuciliatuly 
surrounding  the  impil  is  suflletcntly  prominent  to  throw  a  distiiict 
»ha(luw ;  and  it'  the  source  of  ilimniiiiilion  be  not  more  thun  one  iiiilii- 
<netre  in  advance  of  the  edge  of  the  cornea,  this  sliaUow  may  extend 
even  to  tlie  opj>o8ile  border  of  the  iria, 

Wiien  the  pupil  dilates,  the  ceulral  prominence  of  the  iris  of  course 
diniiiii^lie^,  or  even  ili8api>eara  altogd^ther ;  but,  according  to  Helmholtz, 
tlie  pu|Hlljiry  bonier  of  tlic  iri^  hardly  eeparates  from  the  anterior  fiiee 
of  the  leu8,  even  in  the  most  complete  dilatation  obtainable  by  beilar 
donua. 

An  important  portion  of  the  Btructiire  of  the  iris  Is  formed  by  its 
inuscidar  fibres.  These  are  arranfjwl  In  two  sets^  botli  rif  which  consist 
of  iiiistriped  fibres,  namely,  the  sphincler  and  the  dilator  inuticleB  of  the 
pupil. 

Tlie  xphinrter  pupiHx  is  conipoHed  of  Imndles  of  muscular  fibres, 
siliiated  at  the  pupillarv  margin  of  the  iris,  and  circularly  diHp<jsed,  in 
Bnrh  a  manner  that  their  contraction  has  the  effect  of  diminishin«T  the 
oriBce  of  the  luipil,  while  their  relaxation  allows  of  its  enlargement. 
When  the  sphincter  ia  in  a  state  of  moderate  contraction,  the  remaining 
nnn-contractile  portions  of  the  iris  are  thrown  inlo  radiating  folds^ 
which  can  be  readily  seen,  under  the  influence  of  ordinary  <layiij>ht, 
extending  from  the  pupillary  margin  for  one-third  or  one-half  the  dis- 
tance towanl  its  outer  border. 

The  dilator  ptipillse,  wliich  consists  of  radiating  muscular  fibres,  is 
much  more  difficult  of  demonstration,  and  ils  existence  in  man  con- 
tinued to  t>e  a  matter  of  uncertainty,  even  after  it  was  known  to  be 
present  in  the  lower  animals.  It  has,  however,  been  descrilied  by  so 
mnny  independent  observers,  that  there  can  be  no  doubt  of  its  furniing 
a  norm.nl  part  of  the  muscular  aftparatus  of  the  iris,  lis  fibres  are 
interwoven  with  those  of  the  sphincter  at  the  pu[>i!lary  margin,  and 
extend  thence  in  a  diverging  din'ction  toward  tiie  attached  border; 
I'ither  as  isolateil  bundles  running  lK>tween  the  bloodvessels  (Briicke, 
Kolliker),  or  as  a  very  thin,  ctjnlinuons  sl)oet  of  fibres,  covering  the 
whole  posterior  snrftice  of  the  iris,  immediately  underneath  its  pig- 
mentary layer  (Hente,  Iwanoff).  Acconling  to  Kbiliker,  the  iris  also 
contains  elements  aofilogotis  to  the  fibres  of  elastic  tissue,  which  may 
thus  assist  the  action  of  the  dilator. 

Notwithstanding  the  acknowledged  existence  of  both  these  muscles, 
and  their  evident  physiological  as8o<Mation  with  each  other,  the  action 
of  the  sphincter  is  ranch  the  most  prominent  and  the  most  ciearly 
iinderstnocl.  It  is  this  muscle  which  contmcls  under  the  influence  of 
li«:ht  fntling  upon  ttie  retina,  causing  contraction  of  the  pupil,  and  which 
ndaxes  when  the  stimulns  is  withdrawn,  causiug  dilatation.  The  con- 
traction of  the  pupil  is  therefore,  for  the  most  part,  an  active  movement; 
its  dilatation  a  passive  one.  Division  of  the  oculomotnriua  nerve,  loss 
of  sensibility  in  the  retina,  opauity  of  the  crystalline  lens^  or  itiaeu«.v 


bi'ity  fiom  ccrebrni  eon]pn»ssi«in,  are  all  followed  by  dilatation  of  tlx 
pupii ;  and  the  snine  tiling  takes  ])lace  immediately  after  death.  In  the 
normal  reflex  actions  of  expansion  and  contraction  of  the  pupil,  under 
the  varying  intensity  of  illutnination,  the  fibres  of  the  sphincter  Me 
those  which  alternately  contract  an<i  relax  in  a  manner  analogotis  to 
that  of  the  voluntary  muscloa  ;  while  those  of  tbe  dil.itor  are  mure  con- 
tinuous in  their  operation,  and  are  under  the  control  of  different  nsrrooa 
influences. 

The  pigmentary  layer  which  is  continued  uninterrupte«lly,  except  st 
the  entrance  of  the  optic  nerve,  over  the  internal  surface  of  the  choroid, 
the  ciliary  processes,  and  tbe  posterior  surface  of  tbe  iris,  is  called  tbe 
system  of  the  uvea^  from  its  resemblance  to  the  skin  of  a  purple  gny^ 
separated  from  its  stem;  the  0|)ening  of  the  membranous  s&c  at  the 
point  of  detachment  representing  the  orifice  of  tbe  pupiL  Owing  to  tiie 
existence  of  this  continuous  pigmentary  layer,  no  light  can  penctnle 
the  eyeball  exceptiug  that  which  enters  through  tlie  pupil;  ami  tlie 
rays,  fnrthenn<'rie,  which  reach  t!ie  retina  at  any  fx>int  are  airestcd 
there,  and  prevented  from  being  dispersed  by  reflection  over  other  parti 
of  the  membrntie. 

Aqueous  Humor  and  Vitreous  Body. — By  the  transverse  partition  at 
the  iris,  the  cavity  of  the  eyebsill  is  divide<l  into  two  jiortions^  an  aotrrior 
and  posterior.  Tbe  portion  BitunUHl  in  front  of  the  iris,  called  the  "an- 
terior chamber,"  is  filled  with  a  colorless,  transparent  fluid,  of  watery 
consistency,  the  aqueous  humor.  This  fluid  is  to  be  regarded  as  aa 
extremely  dilute  exudation  from  the  bloodvessels  of  the  surromnling 
parts,  especially  from  those  of  tbe  iris ;  slnuo  it  consists  mainly  of  wat«f, 
hoMing  in  solution  less  than  two  per  cent,  of  solid  ingredients,  namely, 
ao«lium  chloride  and  other  inorganic  salts  derived  from  the  bloo<l,  with 
a  trace  of  albuminous  matter.  It  is  faintly  alkaline  in  reaction,  and 
has  a  refractive  t>ower  but  slightly  different  from  that  of  water.  It 
is  rapidly  reprodui-e<l  after  evacuation  i«y  puncture  of  the  cornea.  It 
serves  to  maintain  the  internal  tension  of  the  anterior  parts  of  the  eye* 
ball,  and  to  allow  of  the  changes  of  figure  of  the  iris  and  crystalliiM 
leti"*,  witliunt  affecting  the  external  configuration  of  the  come*.  Tlie 
posterior  anrl  larger  jwrtion  of  the  cavity  of  the  eyeball  is  filltxl  maiulj 
by  a  semifluid  substance,  the  vitrews  ^hody,  so  caJletl  from  its  trans- 
parent and  glassy  appearance.  Its  composition  is  similar  to  that  of  the 
aqueous  humor,  exceiiting  for  the  larger  proportion  of  albuminous 
matter,  which  gives  it  more  or  less  of  a  gelatinous  consistency.  It« 
refractive  power,  according  to  Helmholtz,  though  slightly  greater  than 
that  of  the  aqueous  humor,  does  not  differ  much  from  that  of  water. 
It  distends  the  principal  part  of  the  cavity  of  the  sclerotic,  supports  tbe 
retina  which  is  extende^l  over  its  sarface,  and  preserves  Ibe  gcawiBl 
spheroidal  form  of  the  eyeball. 

The  vitreous  bo<3v  is  enveloped  by  an  exceedingly  thin,  colorlcM 
membrane,  for  the  most  part  wilhont  definite  structure,  and  meaanrhigf 
according  to  RoUiker,  not  more  than  4  mmm.  in  thicknesa.     This  is  the 
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**  hyaloid  membrane"  (Fig*  1^9>  <*>)•  I^^  inner  surface  is  in  contact  witb 
the  vitreous  body,  its  outer  surface  vitli  the  retina.  It  extends  unin- 
terruptetlly-  over  tUe  posterior  and  miUille  portions  of  the  vitreous  bo<iy 
until  it  readies  a  point  anteriorly  correspondhig  wilii  tlie  ciliary  body 
of  the  choroid.  Here  it  becomes  tliicker  nncl  divides  into  two  layers. 
The  anterior  layer,  which  is  the  stronger  of  the  two,  the  zone  of  Zinn^ 
extends  forward  and  inward,  remaining  !idlierent  to  tiie  folds  of  the 
ciliary  body,  and  terminates  in  the  capsule  of  tlie  crystalline  lens,  just 
in  front  of  its  lateral  border.  The  posterior  la^-er  of  tiie  hyaloid  mem- 
brane, after  separating  from  the  anterior,  passes  inward  and  a  little 
backward,  and  terminates  also  in  the  capsule  uf  the  lens,  but  a  little 
behind  its  lateral  border.  The  triangular  canal  left  between  the  two 
separateil  layers  of  the  hyaloid  membrane  and  the  lateral  bonier  of  the 
lens  is  the  canal  of  Petit  (Fig.  189,  ii),  and  is  filled  with  a  little  trans- 
pai-ent  serosity.  The  lens  is  Ihus  Busp>ended  on  all  sides  by  a  double 
layer  derivetl  from  the  hyaloid  membrane.  The  anterior  portion  of 
this  double  layer,  or  the  zone  of  Zinn,  being  the  stronger  of  the  two, 
and  presenting  a  distinctly  hbrillntcd  texture,  is  regarded  as  more 
es|x>cially  fulfilling  the  part  of  a  suspensory  ligament  of  the  crystalline 
lens. 

Crystalline  Lens. — The  lens  is  a  transparent,  refractive  bo<ly,  of  cir- 
cular form,  with  convex  anterior  and  posterior  siirfaecs,  placed  directly 
behind  the  pupil,  and  retained  In  its  position  by  the  counterbalancing 
pressure  of  the  aqueous  humor  and  the  vitreous  bo<ly,  and  liy  the  two 
layers  of  the  hyaloid  meinhrane  attached  to  its  cai)8ule  rouml  its  circular 
bonier.  It  is  composed  of  flattened  fibres,  adherent  to  each  other  by 
their  adjacent  surfaces  and  e<lges,  and  so  arrauge<l  as  to  pass  in  a 
cur\alinear  direction,  parallel  to  the  surface  of  the  lens,  from  one  of  its 
two  opiKJsite  poles  to  the  other.  Notwithstanding  the  fibrous  structure 
of  the  lens,  the  ribbon-shaped  elements  of  which  it  is  composed  Iteing 
united  by  simple  juxtaiK>Bition,  without  the  intervention  of  any  ditferent 
material,  the  entire  body  is  transparent,  and  allows  the  passage  of  the 
light  without  perceptible  absorption  or  irregular  dispersion. 

As  the  refractive  power  of  the  substance  of  the  crystalline  is  greater 
than  that  of  the  corneal  of  the  aqueous  humoT,  it  acts,  by  virtue  of  its 
double-convex  form,  as  a  converging  lens,  to  change  the  direction  of 
the  luminous  r.nys  passing  through  it,  and  bring  then)  to  a  foous  at 
some  point  situated  behind  its  posterior  surface.  The  amount  of  c»>n- 
vergence  thus  effected  by  a  refractive  lens  depends  both  upon  the  index 
of  refraction  of  the  substance  of  whieh  it  is  comiK)se<l  and  the  greater 
or  less  curvature  of  its  surfaces.  The  stronger  the  curvatures,  for 
lenses  composed  of  the  same  material,  the  greater  the  amount  of  con- 
vergence impresswl  upon  luminous  rays  passing  through  them.  In  the 
case  of  the  crv'stalline  lens  of  the  human  eye,  the  two  surfaces  are  dif- 
ferent in  curvature ;  the  anterior  surface  licing  comparatively  flat,  the 
posterior  much  m<»re  convex.  Acconiing  to  the  estimates  of  Listing, 
based  upon  a  variety  of  measurements,  and  adopted  by  Uelmholtz,  tbe 
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i-adius  of  curvature  for  the  anterior  surface  is,  on  the  average^  10 
metres,  tliat  fur  tliu  ].H>uterior  surfuue  6  iiiilliinetres. 

This  makes  the  crystalline  lens  the  most  powerfully  refracting  bodvj 
the  eyeliall,  anil  liy  its  atil  paralk*!  or  tliverging  luminous  rays,  after  pt 
iti<i;  through  tin-  pupil,  are  brought  to  a  foyus  at  the  situation  of 
retiiuu  Tbi*  etfcct  is  not  due  entirely  to  the  lens,  since  the  convex  for 
of  the  uornea  and  the  more  or  less  spheroidal  figure  of  the  whole  ejr 
ball  necessarily  have  in  some  ilegree  a  similar  action  upon  rays  enl 
ing  from  the  front.  Acconlinj^  to  Ht'lniholtz,  parallel  rays  woahl  l« 
brought  lo  a  focus  by  the  cornea  alone,  if  they  were  sutflciently  pr 
longed,  at  a  point  situated  10  unlUmetres  behind  the  retina,  liul  < 
passing  tlirouj^h  the  lens,  tlitir  convurgence  is  increased  to  such  a  degree" 
that  they  are  concentrated  at  the  situation  of  the  retina  itself. 

J'he  funclion  of  the  cry»itaUine  lerm  is  lo  produce  dintinrt  percfpli 
of  form  and  outltite.     If  the  e}e  consisted  merely  of  a  sensitive  relia 
covered  with  transparent  integumi-nt,  although  the  impressions  of  li{ 
Would  be  received  by  audi  a  rt-tiiia,  they  could  give  no  idea  of  tlie  Tor 
of  particular  objects,  but  wonhl  only  pro«luce  the  sensation  of  a  confus 
luminosity.     Thi'<  condition  is  illustrated  in  Fig.  190,  where  the  arruvj 
a,  6,  represents  the  luminous  object,  and  the  vertical  dotte<l  line,  at 
right  <jf  the  diagram,  represents  the  retina.     The  rays,  diverging  froj 
every  point  of  the  object  in  every  dii-ection,  will  thus  reach  every  p»rt 
of  the  retina.     The  diflVrent  parts  of  the  retina,  consequently,  1,  2,3,- 
will  each  receive  rays  coming  both  from  the  point  of  the  arrow,  a,  ai 
from  its  butt,  h.     There  will,  therefore,  Ite  no  distinction,  w)Mjn  the  n-tl 
between  the  different  parts  of  the  objeet,  nn<l  no  definite  i>erc'eptioD 
its  fifiure.     But  if,  between  the  object  jind  the  retina,  there  be  insertrdjj 
double  convex  refracting  lens,  with  the  profH?r  cur\'ature8  and  deneit 
am  in  Fig.  191,  the  etfect  will  be  dilTcrcnt.     All  the  rays  emanatiiii 
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a  will  then  be  concentratoti  at  r,  and  all  those  emanating  f^oro  b  wlU  li 
concentrated  at  y.  Thus  the  retina  will  receive  the  impression  of  tl« 
point  of  the  arrow  spparnte  from  that  of  its  butt;  and  all  parts  of  tin 
object,  in  like  manner,  will  Ixr  di**tinelly  and  nceurately  perceived. 

The  action  of  a  refractive  body  with  convex  surfaces,  in  thus  focussinf^ 
luminous  rays  at  a  particular  ])oint,  may  l>e  readily  illusti-ate<I  in  111 
following  manner.   -  If  a  sheet  ftf  white  paper  be  hehl  at  a  short  distsiul 
from  a  candle  flame,  in  a  room  where  there  is  no  other  source  of 
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the  whole  of  the  paper  will  be  moderately  and  uniformly  illnminated  by 

the  diverging  ra3*8.  ]5ut  if  a  double  convex  glass  lens,  with  suitable 
ciiivaluie&,  be  interposeil  between  tlie  paper  anfl  I  be  lij;lit,  the  outer 
portions  of  the  paper  will  liecome  darker  and  its  central  portion  brigbter, 
bt't-aiise  a  jKirtion  of  the  rays  are  diverted  from  tbeir  ongiiial  course  and 
belli  inward  towanl  each  other,  liy  var3'inj4  the  |>osilion  of  tbe  lens 
and  il8  di<*tanee  from  the  p!i|»er,  a  point  will  at  last  be  i'oiirid,  where 
none  of  the  light  readies  the  external  |)arts  of  the  sheet,  but  all  of  it  is 
conc(!ntrate(l  ui)on  a  single  spot;  ant)  at  tbis  spot  will  be  seen  a  didtinot 
inverted  image  of  the  end  of  the  eaiidle  and  its  flame. 

IMstinct  ]iereeptioH  of  the  figure  of  external  objects  thus  depends 
upon  tbe  action  of  the  crystalline  lens  in  converging  all  the  rays  of 
light,  emanating  from  a  given  i>oint,  to  an  accurate  focus  at  the  retina. 
For  tbis  purpose,  the  density  of  tbe  lens,  the  curvature  of  its  surfaces, 
and  its  distance  from  the  retina,  must  all  be  projjerly  adapted  to  each 
other.  If  the  tens  were  too  convtx,  and  its  refractive  power  excessive, 
or  if  its  distance  from  the  retina  were  too  great,  the  rays  would  con- 
verge to  a  focus  loo  soon,  and  would  not  reach  the  retina  until  after 
they  had  crossed  eacli  other  and  K'come  partially  dispersed,  as  in  Fig. 
192.  The  visual  impression,  therefore,  coming  from  any  particular  point 
in  the  object,  would  not  be  concentrnte<l  and  distinct,  but  ditfiisi'd  and 
dim,  from  being  dih])ereed  more  or  less  over  tbe  retina,  and  interfering 
with  the  impressions  from  other  pjirts.  On  the  other  hanil,  if  tbe  lens 
^ve^e  too  flat,  as  in  Fig.  193,  or  placed  too  near  the  retina,  the  ra3  8 
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^Tfttely,  pnMbnirig  a  confuaefl  im-ige,  as  before.  In  both  these  cases,  tbi* 
imini'diate  caust-  of  the  conrnHi«>n  of  sight  is  the  same,  namely,  that 
rays  coming  frtmi  the  same  point  of  the  object  strike  different  points  of 
the  retina  ;  but  in  the  llrst  instance,  tbis  is  because  the  rays  have  actu.-dly 
lonviTireil  and  crossed  each  otlier;  in  the  si-cond,  it  is  Ivcause  they  hav« 
only  n[»proximated,  but  have  never  converged  to  a  focus. 

The  proof  that  the  rays  emanating  from  himinons  objects  are  ac- 
tually thus  concentratwl,  in  the  interior  of  the  living  eye,  upon  the 
retina,  is  riirnislied  by  tin-  use  of  the  ophthalmo9co|)e.  'Hiis  inslrnnient 
consists  essentially*  of  a  mirror,  ho  ]»Incc<l  as  to  illuminate  by  relU-cted 
light,  through  the  pupil,  the  bottom  of  the  eye  which  is  under  observn- 
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tion,  and  perforaterl  at  its  centre  by  n  small  oitening  through  whidi  llw 
observer  louks.  \iy  tliis  nit-aus  tUe  retina  aud  its  ves&c'l&,  as  well  a» 
the  images  delineated  upon  it,  may  be  distinctly  seen.  Accordiug  uxi 
the  observations  of  Helruholtz,  olijecls  at  a  certain  distance^  which  aw] 
perceived  with  distinetnoiss,  present  lo  the  eye  uf  the  observer,  if  sufl 
ciently  illinninatcd,  perfectly  weil-dcfiued  inverted  images  ufx^Q  the  rcWl 
inn,  like  tliose  which  wuidtl  he  thrown  u[ion  a  screen  by  a  tsysteiu  of  glxtfl 
lenseR  properly  arranged.  If  the  eyeball  fmrthertnore  be  tnken  out  fn>ii|J 
a  recently  killed  animal,  and  a  circular  [>ortit)n  of  the  sclerotic  ami  clmrHidj 
removed  Crom  its  posterior  part,  similar  inverted  images  of  iJInniiunt' 
objects  in  front  of  the  cornea  may  be  seen  by  trausjjarcncy  upon 
exposed  portion  of  the  retina. 

It  is  accordingly  certain  that  luminous  rays  in  passing  through  the 
e^'cball  are  brought  to  a  focus  at  the  retina,  principally  by  means  of  U 
crystalline  lens.     The  fornnatinn  of  a  visible  image  at   this  si>ot  t]iM 
not  by  itself  explain  all  the  phenomena  of  vision,  since  lliese  iiuu^ 
are  not  seen  by  the  imlivitUnd,  and  vre  should  not  even  know  of  tlu-i^ 
existence  except  for  tlie  results  of  phyainlogiciU  experiment  and  ob«.i',i 
vation.     But  the  formation  of  such  an  image  shows  that  all  the  U'i 
coming  from  each  diJfcrcnt  part  of  the  object  is  made  to  fall  u|»on 
separate  and  distinct  point  of  tlie  retina;  and  it  thus  Itecomcs  p4:>ssilj| 
to  (jerceive  the  figure  and  extension  of  an  object,  as  well  as  its  lumiuo$it| 

Bftina. — The  retina  is  tlie  most  essential  part  of  the  organ  of  visit 
since  it  is  the  only  one  of  its  tissues  dii"ectly  sensitive   to  light 
forms   a   delicate,  colorless,  nciriy  transparent  membrane,  conij 
of  nervous  elenients,  situated  between  the  inner  surface  of  the  cborol) 
and  the  outer  surface  of  the  hyaloi«l  membrane,  and  extending  from  the 
entrance  of  the  optic  nerve  outwai'd  and  forward  to  the  eotumcnccmcn 
of  the  ciliary  bod}'.     Here  it  terminates  b}-  an  indenteil  itorder,  tenne 
the  ora  arrrata^  which  is  sitiiatiHi  nearly  at  the  plane  of  the  poslerio 
surface  of  the  crystalline  tens.     Jn  front  of  this  region  it  is  replace*! 
an  attenuated  la^'er,  which  remains  in  contact  with  the  surface  of  tt 
ciliary   bo<ly,  but  which   contains   no   nervous  elements.     The   reliii 
proper  has,  accordingly,  the  form  of  a  tinn  meml>rane  moubled  tjjujn 
nearly   hemispherical  surface,  the    concavity  of  which  is  «lirecte<l  fa 
ward,  and  which  receives  the  luminous  rays  admitteil  through  the  pupj 
and  traversing  the  transparent  and  refracting  media  of  the  e^'eliall.     It 
greatest  thickness  is  in  tlie  immediate  vicinity  of  the  entrance  of  the 
optic  nerve,  where  it  measures,  acrording  to  Kolliker,  0.40  tnilliraelr 
At  a  short  distance  from  this  point  it  is  refluce*!  to  0.20,  and  thei 
becomes  gradually  thinner  in  its  middle  and  anterior  portions.     jVt  il 
tcnuiuul  border,  at  the  ora  serrata,  it  is  only  CKltll  millimetre  in  tbicknej 

The  retina  consists  of  a  variety  of  su|>erimposetl  layers,  ia  whi< 
many  ditferent  microscotiie  elements  alteniale  with  each  other.     In 
gard  to  its  physiological  |)ro|>erties,  so  far  as  these  have  been  dct 
minwl  with  a  siifticient  tlcgree  of  certainty,  ftiur  of  these  layers  may  he' 
distinguished   as   representing  the  essential  constituent   parts  of  tL 
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membrane.  These  layers,  counting  from  the  internal  to  the  external 
surface  of  the  retiiin,  are  as  follows:  1,  The  layer  of  nerve  tibres,  de- 
rived from  the  expiinsion  of  the  optic  nerve;  2.  The  ganglioitic  luyer 
of  nerve  cells;  3.  The  layer  of  nuclei;  4.  The  layer  of  rotia  and 
cone«. 

1.  Layer  of  Nervn:  Fibres. — The  ojrtio  nerve  joins  the  posterior  part 
of  the  eyi'hiill  nt  a  point  nlMint  2  iniltirattri«9  inside  it8  longitudinal  axis, 
and  slighll}'  lidow  the  horizontal  phnic  of  this  axis.  The  neurilemma 
of  the  nerve  at  once  becomes  continuous  with  the  sclerotic  coat  of  the 
eyeball,  wliilu  the  nerve  fibres  alone  penetrate  into  its  cavity.  Up  to 
this  point  the  fibres  of  the  optic  ni;rve  jnesent  the  usnal  dark-ljonJered 
epiwaranee  of  niedollated  nerve  fibres,  aiid  have,  according  to  Kolliker, 
a  diameter  of  from  1  to  4.5  mmm.  Hut  at  their  entrance  into  the  cavity 
of  the  eyeliall  the  nerve  Obres  not  only  lose  the  prolongations  of  con- 
nective tissue  which  previously  surrounded  tiieir  different  bundles,  but 
also  become  much  smalk-r  in  size,  bt*itig  TLMhife*!,  on  the  average,  to 
less  than  2  mmm.,  and  many  of  tiiem  to  less  than  1  mmm.  in  diameter. 
Owing  to  these  changes,  the  nerve  appears  suddenly  diminished  in  size 
at  its  passage  through  the  svlerolic  «nd  choroid  membranes.  Intern.-dly 
it  forms  a  slight  promincnee  on  the  inner  surface  of  the  wall  of  the  eye- 
ball, the  so-cullcd  papilla  ;  and  from  a  depression  at  its  middle  part,  the 
central  artery  and  vein  of  the  retina  send  out  their  branches  to  supply  tlie 
retinal  ca[iillary  plexus.  From  the  f)apilla  as  a  centre  the  optic  nerve 
fibres,  which  have  thus  reached  the  inner  surfuce  of  the  retina,  fliverge 
in  every  direction  under  tlie  form  of  a  clostdy  set  layer.  This  layer 
diminishes  gradually  in  thickness  from  within  outward,  and  from  behind 
forward,  owing  to  the  fact  th.it  the  nerve  fibres  of  which  it  is  compoaed 
U^nninate  successively  iu  the  deeper  parts  of  the  membrane,  thus  estab- 
lishing a  connection  between  every  point  of  the  retina  and  the  nervous 
centres  in  the  brain.  The  longest  fibres  continue  their  course  until  they 
reach  the  ora  serrata  at  the  anterior  limit  of  the  retina,  beyond  which 
none  are  visible. 

2.  Oanglionic  Layer  of  Keroe  Cella. — This  layer  is  situated  imme- 
diately outside  the  former,  and  contains,  as  its  s|>ecial  distinguishing 
element,  multipolar  nerve  cells,  similar  to  tlio.sc  of  the  gmy  matter  of 
the  brain.  Accorfling  to  KoUiker,  they  vary  in  size  from  9  to  36  mmm. 
in  diameter,  and  are  provided  with  a  numl>er  of  pale,  run)ifie<l  prolonga- 
tions. Some  of  these  prolongations  are  directed  outward,  penetrating 
into  the  more  external  portions  of  the  retina;  others  pass  in  a  horizon- 
tal direction,  and,ac»'ording  to  some  observers  (Kolliker,  Midler,  Corti), 
become  connected!  with  optic  nerve  fibres.  For  the  most  part,  however, 
it  is  only  the  identity  in  appearance  between  some  of  the  prolongations 
of  these  nerve  cells  and  the  more  slender  optic  ner\'e  fibres,  which  leads 
to  the  presumption  of  their  direct  terminal  continuity.  It  is,  in  any 
case,  possible  that  some  of  the  fibres  of  expansion  of  the  optic  nerve 
are  connected  with  prolongations  of  the  nerve  cells,  while  others  con 
tinue  their  course  to  the  deeper  layers  of  the  retinal  tissue. 
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Fig,  194. 


3.  Layer  of  Nuclei. — The  layer  of  nuclei  is  so  called  because  it 
cliriractt'ristii;  elenieiila  Uave,  iu  the  auiiii,  llie  aspect  of  niicl«?i;  altboQ|^ 
by  some  observers  (KollikiM-,  SchulLze),  tliey  are  reganltMl  as  lin\iiii: 
ratliiT  the  signification  of  nucleated  cells,  in  wliich  the  euvelopiug  wJJ- 
Bulk<t:HUP  is  in  small  fjuanlil^-  n3  eoinptireil  wiib  the  size  of  the  uucietu. 
The  luii-k-i  thcnisclves,  BuUR'linHs  csdk-d  '•  grains"  or  *' gri:nules,'' ire 
oviil  bodies,  placed  with  their  long  axes  jierpendicular  to  the  surface 
of  the  retina.  There  are  two  varieties  of  them  tuiugleil  together,  wliidt 
ditler  mainly  in  size;  the  larger  liuing  from  9  tu  13  aiiiiui.  in  length, the 
smaller  une-hiilf  or  two-lhirds  as  long.  They  are  all  coiitaiued  iu  Uic 
interior  of  varicose  enlargeiuerils  of  slender  fibres,  which  are  also  di« 
rectcd  |>er|)endicular]y  lo  the  surface  of  the  retina,  antl  extend  uuiuter* 
rii])tedty  through  the  whole  thickness  of  the  layer.  These  fibm  «t 
presumed  to  be  of  the  naltite  of  modified  nerve  fibres,  and  to  reprewnl- 
either  directly  or  indirectly,  the  conliuuationa  of  those  derive<l  from 
the  eximusion  of  the  o[)tic  nerve.  At  their  outer  extremities  Uiej  ut 
iuitnediatfly  continuous  with  the  ehnicnta  of  the  followipg  layer. 

4.  Lat/er  of  limfyi  and  Confs. — This  is  undoubtedly  the  most  reanark- 
able  of  the  retinal  layers,  since  it  cimsists  of  elements  which  are  more 
peculiarly  constituted  than  those  found  elsewhere,  and  which  are  mosi 

ininie<liati'ly  connected  with  tiie  phj'siologj' 
of  tuminotm  impressions.  A»  the  oatas^ 
indicates,  these  elements  are  of  two  kinds:S 
distinguished,  according  to  their  shaf>e,  by 
the  name  of  "ro<ls"  and  "cones."  Thcrt 
is  reason  to  believe  that  their  offices  are 
essentially  similar,  and  that  tlicj  arc  to  be 
regarded  as  motlifications  of  each  other. 

The  ri)dn  (Fig-  194)  are  straight,  elon 
gated,  cvJiiidrical  lto«iies,  composed  of 
IransiTurcnt,  homogeneous   substance, 
markable  for  its  highly  refractive  i>owcr. 
They  are  about  50  mmni.  in  length  by  a  It 
tie  less  than  2  mmni.  iu  dianu'ter.     Thoy  a 
all  placed  parallel  with  each  other,  closel 
packed  side  by  si<le,  standing  i>erpcndic 
larly  to  the  surface  of  the  retina,  and  ex 
tending  through  the  whole  thickness  of 
the  layer.     At  ita  outer  extremity  each 
rod  tenntnatcs  by  a  plane  pcriK'iidicnl 
to  its  axis  5  at  its  inner  extremity  it  tape 
suddenly  to   a   point    and    is   continuoni 
with   a  fibre  cjf  the  preceding  layer,  an 
thus   with   one   tif  its  nucleated   enia: 
ments  or  grains.     According  to  Solinl 
the  intemal  half  of  each   rod   is  blightlj 
thicker,  and  exhibits  rather  less  refrocUV 
power  than  its  exlenuU  halt 
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The  cones  difler  from  the  roda  mainly  in  their  tapering  form  and  the 
greater  diamet^T  of  Iheir  internal  portion,  which,  as  a  general  rule,  is 
from  two  t«i  three  times  as  tliick  as  that  i>f  the  rods.  They  have  the 
same  tranHparent,  highly  refraetive  apj>earance,  and  are  intercalated 
among  the  rods  in  the  same  position,  that  is,  peii>cndicuhirly  to  the 
surface  of  the  retina.  Their  outer  extremities,  in  some  regions,  stop 
short  of  the  external  surface  of  the  retina,  while  in  i>tiiers,  particularly 
in  thai  of  most  perfect  viHiori,  they  reach  the  same  level  wiih  the  en<l8 
of  the  roda.  Each  cone  is  couuected  at  its  inner  extremit}'  with  a  m- 
cleated  filtre  belonging  to  the  (receding  layer,  the  only  difference  in  this 
resiKMjt  lieing  that  both  the  filires  and  the  nuclei  connected  wilh  the 
coues  are  larger  than  those  eounecled  wilh  the  rotls. 

Over  the  greater  part  of  the  retina  the  rods  are  more  abundant  than 
the  cones.  When  vicwetl  from  the  external  surface  {Fig.  195,  >f),  their 
closely  packed  extremities  present  the  a|ipenranee  of  a  tine  mosaic  pat- 
tern, while  the  cones  are  intersjiersed  among  them  in  smaller  numhci's. 
At  the  borders  of  the  macula  luteA  (p.  fi23),  on  the  other  liaud,  the 
cones  are  more  abundant,  being  only  separate<l  frt)m  ench  other  by  single 
ranges  of  rods  (li);  and  at  its  central  portion  {C)  there  arc  only  cones, 
the  rods  being  entirely  absent.  The  cones  at  thi,s  point  are  also  longer 
and  more  slender  than  elsewhere.  The  I'ullowing  figui"e  indicates  the 
ap|)earance  of  the  rods  and  cones,  as  shown  in  an  external  view  of 
diJferent  parts  of  the  retina.  The  smaller  circles  represent  the  ro<ls, 
the  larger  circles  the  cones,  la  the  interior  of  each  cone  is  seen  tha 
section  of  its  conical  extremity. 

Fig.  195. 


OrTVK  BrRFAC*  or  tr*  BaTiKA|«howlag  theeaiUof  th«  roda  «nd  roii«i.— i.  Frooi 
the  UterAl  portion  oT  the  cypbitl.  B.  From  the  po«terlor  portloo,  nt  iJio  eUgu  of  the  luaeula 
lutek.     C.  From  the  macula  lutca,    (Uelmholtx.) 

Be8i<le  the  distinctly  marked  layers  above  de8cribc<l,  there  are  vari- 
ous others  of  less  certain  signification  and  less  uniforftiily  of  extent, 
which  are  found  in  different  parts  of  the  retina.  Throughout  the  mem- 
brane there  also  exists  a  certain  proportion  uf  delicate  connective  tissue, 
which  serves  for  the  support  and  attachment  of  its  remaining  anatomi- 
cal elements. 

Perception  of  Luminous  Impressions  by  the  Retina. — It  apr»car«, 
from  the  description  given  above,  that  the  retina  is  not  simply  an  ex- 
pansion of  the  fibres  of  the  optic  nerve.  It  is  a  membrane  of  special 
structure,  connected  with  the  extremities  of  the  optic  nerve  fibres,  hat 
containing  also  many  additional  anatomical  elements.  It  is  accordingly 
a  peculiar  nen'ous  apparatus,  adapted  to  receive  the  impression  of  Inmi- 
noua  rays,  and  connected,  by  means  of  the  optic  nerve,  wit'u  the  central 
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^ray  matter  of  the  brain.     An  examination  of  Ihe  manner  in  which  the 
impressions  ol*  light  are  perceived  brings  into  view  the  following  fiwls. 

The  optic  nerve  and  Us  fibres  are  initetmible  to   light.       Kotwilh- 
stuuding  that  this  nerve  is  capable  of  transmitting  luminous  impressions 
from  the  retina  to  the  braiu^yot  in  order  to  do  this,  it  mu«t  Ursl  xx-ixwt 
its  own  stimulus  from  the  retina.     The  optie  nerve   fibres  themoelvips 
though  sensitive  to  mechanical  or  galvanic  irritation,  caxinot  be  calld 
into  activity  by  the  direct   iuflneaee  of  luminous  rays.     This  is  showB 
by  the  exfierimetit  of  Donders,  in  which,  by  aid  of  the  ophthaliui>steo|i.;, 
a  light  of  a  certain  detjree  of  iutensity  is  concentrated   upon  the  ojiUc 
nerve,  without  being  allowed  to  reach  the  tissue  of  the  retina.     Whefl 
the  bott^:)ii)   of  the  eye  is  illiiminiiled   by  the  ophthalmoscope,  the  <M 
server  «ees  the  geneinl  surface  of  the  retina  of  a  red  or  brownigb  color, 
while  tlie  jwpilla,  which  corresponds  to  the  entrance  of  the  optic  oi-fv 
presents  itself  as  a  white  circular  sjKit.     This  spot  is  occupied  eoUr«J 
by  optic  nerve  fibres,  while  the  elements  of  the  retina  commence  old; 
beyond  its  borders.     If  the  minute  imnge  of  a  candle  flame  at  - 
tance  be  thrfjwn  by  reflection  upon  the  retina,  its  light  is  |wn  ' 
the  person  under  observation,  as  well  as  its  image  by  the  observer.    1 
the  eye  however  be  turned  in  such  a  direction  as  to  brin^  the  inuigv 
the  flume  H])()n  the  white  eiicle  of  the  optic  nerve,  this  circle,  and  the] 
nerve  fibres  of  which  it  is  compuised,  are  visibly  illuminated  to  a 
depth,  owing  to  the  translucency  of  their  substance;  but  the  light  of 
the  candle  Bnrae  is  no  longer  perceived  by  the  i)erson  under  examtns* 
tion.     The  moment,  on  the  other  hand,  the  image  of  the  flame  is  allowed 
to  pass  Iteyoiid  the  limits  of  the  white  spot,  and  to  touch  the  retina,  ili 
light  becomes  perceptible. 

The  Bhud  SpuL — The  region,  accordingly,  occupied  by  the  entrance  of 
the  optie  nerve,  and  in  which  the  elements  of  the  retina  proper  «i"e  ab- 
sent, is  a  blind  spot,  where  luminous  rays  make  no  perceptible  irapr««- 
sion.     The  real  diameter  uf  Uuh  spot,  accorrling  to  the  average  measure- 
ments obtained  by  Listing,  Hjin n over,  and  Helmholtz,is  1.G5  millimetre, 
and  it  covers  in  the  fieM  of  vision  a  space  eqtiivalent  to  ftbout  6  dogrw*. 
Notwithstanding  the  existence  of  this  insensible  part  at  the  Itottom      i 
of  the  eye,  no  dark  |ioint  is  usually  observed  in  the  field  of  vision,  folfl 
the  following  reasons.     The  blind  spot  is  not  Bituated  in  tiie  visual  axit™ 
of  the  eye,  but  is  place<l,  corrcspomling  with  Lite  entrance  of  tlie  optic 
nerve,  nearer  the  median  line  (Fig.  ISD).     Consequently  the   image  ofS 
an  object  which  is  directly  examined  in  the  normal  line  of  vision  cjii>^ 
not  fall  upon  this  spot,  but  is  always  outside  of  it,  at  the  en«i  of  lb* 
visual  axis.     Even  an  object  which  is  perceived  in  the  field  of  vision  onU, 
side  the  direct  line  of  sight,  can  never  reach  the  blind  spot  of  both  ey 
at  the  same  time.     Jf  it  happen  to  be  so  placed  that  its  image  falls  upon] 
the  blind  spot  of  one  eye,  it  will  necessarily  reach  the  retina  of  the  otiiw 
eye  at  a  different  point,  and  is  accordingly  jierceived.     If,  on  the  other 
hand,  one  eye  alone  be  emiiloyed,  there  is  always  a  small  portion  of  I 
field  of  vision  which  is  imperceptible.    This  deficiency  is  not  generalljf; 
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noticeable,  because  it  is  locutetl  in  a  part  of  the  Held  to  which  c-ur  at- 
tention in  not  (iicwl<K3,  mikI  wliffe  tho  iliatinction  of  various  objcK?ts, 
under  luuiknate  illiniiiiiittion,  in  no  iuiperlect,  that  tiiu  ruumfiitary  ab- 
senue  ol  one  of  Iheiu  ia  not  regarded.  It  may,  however,  be  rea<lily  made 
aj)part[it  by  u^ing  Ibr  the  le&t  a  single  strongly  defiued  object,  like  a 
white  sjiot  on  a  black  gr<»uii<l,  the  presence  or  absence  of  which  may  be 
Qotice<l  without  ditticult)*,  evi-u  in  iiidireot  vision. 

If  tlie  led  eye  lie  coveretl  and  the  right  eye  directed  Bteadily  at  the 
white  cross  in  figure  196,  the  circular  spot  will  also  be  visible,  though 

Fig.  19G. 


Di  Ati  H  A  X,  for  obMrviJig  tli«  iitu«tlon  of  tbe  bllDiI  «{>ot.    (Helmholtz.) 

leas  distinctly,  since  it  will  l»e  out  of  the  direct  line  of  sight.  Let  the 
page  l>e  held  vert.icnlly  at  the  height  of  the  eyes,  and  at  a  convenient 
distance  for  seeing  both  ohjects  in  the  above  mflnner.  If  it  be  now 
moved  slowly  backward  find  forward,  a  point  will  be  found  where  the 
circular  spot  disupjienrs  from  slight,  bfcause  its  image  has  fallen  upon 
the  blind  spot ;  wliile  botli  within  and  bi-yond  this  distance  it  ngain  tie- 
comes  visible.  It  may  also  be  mnde  to  reapficar,  even  at  the  aame  dis- 
tance, by  inclining  the  f>nge  laterally  to  the  right  or  left ;  since  this 
brings  the  white  circle  either  above  or  below  the  level  of  the  blind  spot* 

Tlie  experiment  may  be  varie<l  by  fixing  two  cards,  at  the  height  of 
the  eyes,  upon  a  dark  wall,  two  feet  apart  from  eacli  other.  If  the  left 
eye  be  covered,  and  the  right  eye  fixed  upon  the  lefl-hand  card,  the 
other  one  will  disHp[>eHr  from  view  at  a  distance  of  about  eight  feet 
from  the  wall. 

It  is  evident,  furthermore,  that  the  optic  nerve  fibres  are  not  directly 
eensilive  to  light,  even  outside  the  blind  spot,  an«l  where  they  form 
part  of  the  retiim.  These  fibres  radiate  from  the  jwint  of  entrance  of 
the  oplic  nerve,  forming  a  conlinuous  sheet  on  the  inner  surface  of  the 
retina ;  some  of  them  terminating  at  successive  points  in  the  retinal 
membrane,  others  extending  to  its  extreme  l>order  at  the  ora  serrata. 
A  hiinin(»u8  ray  striking  the  retina  near  the  fundus  of  the  eye  must, 
therefore,  traverse  a  considerable  number  of  nerve  fibres,  which  are  con- 
nei'ted  at  their  peripheral  extremities  with  different  parts  of  the  retina ; 
and  such  a  ray,  coming  from  a  single  point,  would  necessarily  cause  the 
sensation  of  multiplied  luminous  pointe  or  even  of  a  more  or  le»s  oon- 
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tinnous  bright  line.  As  flistinct  points  are  actually  perceived 
by  the  n-tina,  nlthougli  tlie  liiniinoua  ray  emnnnting  from  each  oil 
passed  through  the  whule  layer  of  iierve  fibres  on  its  iiiterual  surlkccit 
follows  that  the  sensibility  of  these  fibres  is  not  nifected  by  tbe  ilitvct 
action  of  light. 

The  sensitive  elemenlK  of  fhe  retina  are  in  its  poKterior  or  exlerncl 
laijt'rx.  This  fact  is  tleduterl  partly  from  the  pheiiomena  maDifi«t<<i 
when  the  retinal  blooilvessels  are  raatle  visible  in  the  interior  of  the  tyt 
These  blooilvessels  «r»d  tiuir  lirfim-lies*  radiate  rr*)m  the  central  triiuk 
which  enters  with  tbe  optif  ner^u.  Their  rauiiQeutions,  down  to  s  iff. 
tain  size,  are  all  situated  in  the  neiTc  fibre  layer  of  the  retina,  and  il  i« 
only  the  finest  subdivisions  which  pass  into  the  next  la3-er  of  ganc'' 
nerve  cells.  The  two  outer  layers,  namely,  the  layer  of  nuclei,  ai. 
of  the  roils  and  cones,  are  compk'lely  ilestitute  of  bloodvessels.  Owing 
to  this  anatomical  arrangement,  the  posterior  or  external  layers  of  lli* 
retina,  situated  behind  the  main  branches  of  the  retinal  bloodvfS!<K 
must  lie  in  the  shallow  of  these  branches,  tbe  light  coming  tlirectly  rnun 
tht-  front  tht'ouiib  the  pupil.  Tlio  shadows  thus  tiirown  are  not  Ualiilu^ 
ally  jierceived  by  any  diminution  of  the  light,  because  tbe  portioD.<ii 
the  retina  covered  by  them  are  always  in  shadow  at  the  same  poii 
jiiid  its  sensibility  to  liglit  is  greater,  in  projjortion  «3  the  quantitv 
light  reaciiing  it  is  less.  But  the  shadows  may  l)e  rendered  pcrceptil 
by  a  lateral  or  oblique  iituTuination,  thus  causing  tUem  to  be 
upon  points  of  the  retina  unaccustomed  to  their  presence. 

Let  a  lighteil  candle  L>e  held,  in  a  dark  room,  about    three  i« 
distant  from  the  exteriiu!  angle  of  either  eye,  and  about  45  degreesi 
advance  of  the  phuiL^  c»f  the  iris.    Un  moving  the  candle  alternate 
u|iivard  and  downward,  t!ie  field  of  visicm  becftmes  filled  with  an  oho 
dant  and  elegant  tracery  of  aborescent  bloodvessels,  the  exact  count 
part  of  those  of  the  retina.     The  form  of  the  vessels  is  distinctly  markc 
in  purple-black,  u|Min  a  finely  granular  grayish-red  ground.     The  foi^ 
of  entrance  of  the  vascular  trunks  may  even  be  seen,  with  their  divisi^ 
into  two  principal  branches  passing  respectively  u]>ward  and  downwj 
and  then  breakiji^  up  into  ramifications  of  various  lurvilinear  form. 
the  candle  be  held  immovable,  the   apfH'arances  rapidly  fade,  since  tbe 
Bhadows  iu  reality  are  quite  faint,  and  are  only  made  visible  fiom 
sudden  contrast  jtroduced  by  throwing  them  successively  upon  diffei 
p.arts  of  the  retina. 

As  the  bloml vessels  which  throw  Chese  shadows  are  at  or  near  tl 
anterior  surface  of  the  retina,  the  extent  of  their  apparent  movoi 
on  varying  the  position  of  the  li^ht,  gives  a  means  of  ascertaiuing  he 
far  liehind  the  anterior  surface  of  the  retina  its  sensitive  eleuaenta . 
situated.    According  to  the  measurements  of  MUUer,'  this  distance  dk 
Vjc,  in  various  cases,  from  0.11  to  0.3(i  millimetre;  ujid  tbe  same 
server  finds  the  posterior  layers  of  tbe  retina  to  be  separated  ftom 


'  Cited  Id  Helmholts,  Optiqae  Pbysiologique.     Paris,  1867,  p.  289. 


anterior  snrl'ace  by  from  0.20  to  0.30  millimetre's  dintanoe.  It  is.  there- 
fore,  one  or  both  of  the  prmtLTioi-  Fuyers,  nara«;ly,  that  uf  the  iwls  and 
cones,  aiul  that  ul  tho  iiutioi  itiimediatdy  witLiii  it,  which  i-untniii  the 
sensitive  elements  of  the  retina,  and  in  whiib  the  luminous  rays  produce 
their  effect.  This  cnucliisioii  is  rendered  still  mure  certain  hy  the  fact 
that  ID  the  fovea  C'litralis,  the  point  of  most  distinct  vision,  hereafter 
to  be  described,  the  two  esteinal  layers  of  the  retina  are  the  only  ones 
present. 

Btacula  Lutea  and  Point  of  Distinct  Vision -The  macula  Intea,  or 

yellow  spot  of  the  retina,  is  an  oval  spot,  measuring  iilvout  2  millimetres 
in  its  lioriaonlHl  diiimi-tor,  hitnaLe<l  between  2  tind  2.h  millimetres  out- 
side the  entrance  of  the  optic  nerve.  According  lo  Helmholtz,  it  ia 
placed  a  very  little  beyontl  the  middle  of  the  fundus  of  the  eyeball, 
toward  the  temporal  side.  It  is  distinpuislictl  from  the  remainder  of 
the  retina  by  its  yellow  tinjre,  which  dtjuiids  upnu  the  iireserice  of  a 
peculiBr  organic  pigment.  This  pigment  is  not  dejiosited  in  grains,  but 
is  completely  hyaline,  and  imbiU's  the  whole  tissue  of  the  retina  at  this 
spot,  witli  the  eseeption.  aceordiug  to  Schultze,  of  the  two  extemsil 
layers,  which  reniaiu  colorless. 

At  its  centre  is  a  minute  depression,  the  fovea  centralis,  where, 
owing  to  its  bteeply  sloping  sides,  the  retina  is  reduced,  at  the  bottom 
of  the  fovea,  to  less  thiin  one-half  its  usual  thickness.  The  macala 
lutea  becomes  ix-rceptible,  in  ophthalmoscopic  examination  of  the  eye 
with  a  mo<k'rate  illumination,  ns  a  yellowish  spot,  less  brillismt  than  the 
rest,  in  which  the  position  of  the  fovea  centralis  is  marked  by  a  peculiar 
colorless  reflection.  The  macula  latea,  and  especially  the  fovea  ♦•.en. 
trails,  IK  the  ptjint  of  muff  distinct  virion,  where  the  inia^e  of  an  object, 
fixtii  by  the  eyi'  in  the  direct  line  of  sight,  thlls  upon  the  retina.  It  is 
well  known  that  external  oiijects  are  seen  with  perfect  distinctness  only 
when  their  images  fall  in  the  immediate  neighhorhood  of  the  optical 
axis  at  the  fimdus  of  the  eyeball.  Outside  this  region,  the  perception 
of  their  figure  is  niii'ri'  or  less  imperfect.  Acconling  to  the  observations 
of  Donders,  cont!mie<l  by  Helmholtz,  if,  while  the  retina  is  illuminated 
by  tlie  ophthalmoscojie,  the  person  under  observation  fixes  the  eye  in 
succession  upon  sever.'il  dittercnt  objects,  or  upon  different  points  of  the 
same  object,  the  mihuti;  reflection  which  marks  the  fovea  centralis 
alwa^-s  places  itself  upon  the  part  of  the  optical  image  fixed  hy  the  eye; 
and  this  appearance  is  so  constant  that  the  observer  can  tell  with  c«r- 
tainty,  from  the  place  oceupierl  by  the  reflection,  what  point  of  tlie 
obji'ct  has  lieen  fixe(l  in  the  direct  line  of  sight. 

The  evident  imjtortance  of  the  macula  liitea  and  the  fovea  centralis, 
in  the  exercisft  of  vision,  gives  a  special  interest  to  the  anatomical 
structure  of  this  part  of  the  retina;  an^l  the  researches  of  microscopic 
anatt)mi'<ts  have  shown  that  its  structure  presents  pecniiarities  fully 
corresponding  with  its  physiological  endowments. 

The  macula  lutea  is  distinguished,  in  the  first  place,  by  the  fact  that 
the  HUperJicial  layer  of  ojitic  nerve  fibren  in  abtent.    Those  fibres,  ao- 
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cording  to  Kollikor,  wliieh,  in  radiating  from  the  entrance  of  the  opti 
nerve,  paas  diructly  to  the  eilges  of  tlic  mactda,  lose  themselves  »tu«ii 
the  nerve  cells  of  its  gaiijjlionio  layer.     Tlie  others  curve  round  tbil 
borders  of  the  macula  on  eacli  side,  to  resume  their  |)eri|(berai  »lirecti«i 
beyond  its  limit ;  so  that  the  yellow  spot  itself  is  not  covered,  like  the 
rest  of  the  retina,  by  a  continuous  superficial  iuyer  of  nerve  flbreai. 

Secondly,  tixe  nerve  cells  of  the  ganglionic  layer  are  more  abtm  !-^' 
Jn  the  maeiilfi  lutea  than  elsewhere.  Over  tlie  greater  portion 
retina,  acconUug  to  SchuUze,  tlie»e  cells  exist,  in  the  ganglionic  Uvtf, 
only  in  a  single  plane;  that  is,  they  are  arranged  siiile  hy  side,  and 
neillier  above  nor  beloiv  each  otber.  But  in  the  yellow  spot  they  foriB 
several  ranges  of  supeiimposed  cells.  On  tiie  other  hand,  ' 
centre  of  ibc  yellow  sput  the  cells  diminish  in  uiijnl>er,  and  n 
absent  at  the  fovea  centralis.  Various  other  layers,  which  exist  mo 
or  less  distinctly  in  surrounding  regions  of  the  retina,  a^o  ^ttmiiiislil 
thiukuess,  and  disappear  toWLU'd  the  centre  of  the  macula  lutoii. 


DiAGRAXVATir  SicTio^  or  HrMAKRiTiwA,  tlirniieh  the  mxcul*  Intm  aiid 
eentrnlla. — 1.   InTrrnftl  stirfuce  of  the  rctlnn,  tn  rontnct   wUh   the  vitreous    b<M|]r, 
gllonte  tnypr  of  nprvp  rclli.    S.  Intcrmodiatp  lN)'(>ra  of  thr  rctlnit,  dl*itppi*nriiii;  <tt  1 
of  fhemiicula  lutrn.    ♦    Unycrof  nuclei.  ihowinK  Ihe  ohUque  eourte   of  the  llhr 
region,     a.  Liyer  of  rot1»  and  cones;  enaaifltlDg  nt  Its  crntrnl  portion  cxclnaiv^ty  of  i 
nied  Atid  cluftftiited  cotiPi.    0.  KxtcrnnI   Hurfivce  of  the  retlu^  In  cnntxct   wifh    the  rh< 
lu  tbe  middle  of  the  dkngram  l»  The  de|>reB!ilnn  of  the  foren  eentmlii.     (Sohulrip.^ 

Thirdly,  owing  to  the  modifications  described  above,  the  Tvtina,  ai 
the  situation  of  the  fovea  centralis,  coimiitfH  only  uf  Hm  two  extermtl 
layt'fH,  nanieiy  the  layer  of  nuclei  and  the  layer  of  rods  and  ccmow 
Even  these  two  layers  exhilnt,  at  tliis  point,  certain  important  pecntj&ri- 
ties  in  the  form  and  arrangement  of  their  elements. 

In  the  layer  of  nuclei,  the  nuclei  themselves  are  present  fn  nwrly 
their  usual  numbers  and  position ;  hut  the  fibres  with  which  they  arf 
connected,  instead  of  passing  through  the  layer  in  a  <lireetion  perpen- 
dicular to  the  surface  of  the  retina,  bend  obliquely  outwanl,  to  maoh 
the  more  superfleiat  layers  of  the  retina  in  tbe  external  portions,  or 
even  beyond  the  bonlera,  of  the  yellow  spot.  Tims  this  Uiyer  is  very 
much  diminished  iu  thickness,  tdthuugh  it  still  coutHins  its  cell  tjoflri. 
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and  although  these  are  still  connected,  by  their  flbrous  extcnmons,  with 
the  other  parts  of  the  retinal  tissue. 

Finally  the  layer  of  rods  and  cones,  at  the  situation  of  the  macula  lutea 
and  fovea,  though  pn-serving  its  general  eharacter,  shows  special  features 
by  which  it  is  readily  distinguislied  from  the  corresponding  parts  else- 
where.  In  this  ta3er,  over  the  greater  j)ortir>n  of  the  rctiuii,  the  rods 
are  the  most  almndunt  fleini'iit,  the  cones  being  distributed  among  tliem 
in  smaller  numbers.  In  the  boniera  of  the  macula  lutea  (Fig.  19.5,  li), 
the  cones  become  more  numerous  in  pro|>ortion  to  the  rods,  and  in  the 
fovea  centndis  (Fig.  195,  C)  the  la>er  is  compose*!  exclusively  of  cones. 
At  this  pait,  the  cones  are  longer  than  elsewhere,,  and  more  slender,  so 
that  a  larger  number  are  coraprise*!  within  an  equal  space;  and  the 
layer  itself,  consisting  of  elongated  cones  standing  |>erpendicularly,  is 
increased  in  thickness,  in  pro|>orlion  to  the  greater  length  of  Jls  con- 
stituent elements.  The  thickness  of  the  cones  at  their  base,  over  the 
retina  generally,  according  to  the  measurements  of  Schultze,  is  a  little 
over  6  mmm.,  and  their  length  less  than  50  niram. ;  but  at  the  fovea  cen- 
tralis their  thickness  is  reduced  to  3  or  3.5  mmra.,  while  their  length, 
in  the  same  situation,  may  reach  100  nimm.  Knch  cone  is  connected, 
here  as  elsewhere,  through  the  nucleus  and  nucleus  fibre  of  the  pre- 
ce«1ing  layer,  witli  the  other  portions  of  the  retiJia,  nntl  l)eyoml  doubt, 
in  some  direct  or  indirect  way,  with  the  optic  nerve  fibres  of  its  uitemal 
layer. 

Thus  the  perception  of  light,  in  the  act  of  vision,  is  a  process  con- 
sisting of  several  successive  acts.  The  luminous  ray  passes  through 
the  transparent  internal  or  superficial  layers  of  the  retina,  until  it 
reac:he8  the  situation  of  the  two  outer  layera,  Here  it  produces  a 
change  in  the  comlition  of  the  nervous  elements,  of  whose  nature  wo 
are  entirely  ignorant.  It  might  be  compared  with  that  which  is  cnuse<l 
by  the  same  agent  in  the  seubitivc  film  of  a  photogrnjihic  camera;  but 
tliis  compnri^ion  wouhl  be  only  one  of  analog}',  and  wouM  not  imply 
any  identity  of  the  physical  or  chemical  chnngc  produced  in  the  two 
caaes.  It  would  simjdy  express  the  fact,  which  is  undoubtedly  estab- 
lished, that  the  luminous  ray,  after  traversing  all  the  other  transparent 
an<l  refracting  media  of  the  eye  h  ithout  leaving  any  trace  of  its  passage, 
on  arriving  at  the  two  e>uter  layers  of  the  retina,  excites  in  one  or  both 
of  tbem  a  kind  of  action  which  is  the  first  step  in  the  visual  process. 
This  condition  of  the  retinal  elements  then  calls  into  activity  the  fibres 
of  the  optic  nerve,  which  in  turn  transmit  the  stimulus  to  their  point  of 
origin  in  the  brain.  Thus  far,  there  is  no  conscious  perception,  nor 
even  any  nervous  effect  resembling  in  itself  our  idea  of  luminosity. 
The  retina  itself  is  distinguished  from  other  nervous  tissues  by  being 
sensitive  to  light ;  that  is,  it  may  be  thrown  into  a  state  of  activity 
under  the  influence  of  a  luminous  ray.  But  it  has  no  other  perception 
of  light  than  this,  any  more  than  the  silvered  film  of  a  photographic 
plate;  and, if  the  optic  nerve  be  severed,  blindness  results,  however  per* 
feet  may  be  the  condition  of  the  retina. 
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On  tbe  other  Land,  the  optic  nerve  fibres,  ■which  are  insensiUe  to  light 
itseir,  are  thrown  intuesciteujeiit  hy  the  chan^t>*i  eondiiion  of  tbe  retiiui 
tissue.     There  is  no  reason  lor  believing  thai  the  action  of  the  fibre* 
of  the  optic  nerve  is  dill'erent  in  kind  from  tliiit  of  otbi.'r  sensilivc  nerve 
fibres.     Their  ufllee  ia  Biuiply  thuL  of  receiving  and  commtiuieatin^  ft 
stimulus  from  nnd  to  certain  special  structures  coDtaiuing  nerve  celk 
In  tiie  case  t)f  Ihe  optic  nerve,  tbe  sliinulns  is  reeeiveil  fnuu  the  reliat 
and  commuiiicateil  to  the  nervous  ctntri-s  of  tbe  braio.     These  nervout 
centres,  when  excittd  by  the  stimulus  thus  received,  first  produce  Uie 
phenomenon  of  the  perception  of  liglif.     The  preceding  iier%*ou8  actiu 
in  the  retina  and  optic  nerve,  though  necessary  lo  tbe  fiUal  result.  La' 
no  direct  connectiun  with  consciousnes.*.     The  conscious  ptTeepticm 
light  and  of  luminous  objects  is  the  last  8te|>  in  the  process  of  visi 
and  is  effected  hy  a  special  uct  of  the  gray  mnlter  of  tbe  brain. 

AcHteneu»  of  Vinion  in  the  Brtina. — The  acuteness  of  vision,  bo 
as  it  is  connected  with  tbe  sensibility  of  the  retina,  depends  upon 
minimum  distance  from  each  other  of  two  visual  raj-s,  at  ■which  t 
cun  still  be  perceived  as  distinct  points.     If  the  luminous  rays,  comi 
respectively  from  the  to|»  and  bottom  of  an  obji-ct,  are  so  closely 
proximated,  where  they  strike  tbe  retina,  th.it  the  two  impressions 
confounded,  there  can  be  no  distinct  perception  of  it;*  figure  or  di 
sions.     On  tbe  other  hand,  if  the  sensibility  of  the  retina  lie  such 
the  two  impressions  are  still  perceived  as  separate  from  each  other,  tl 
form  of  the  ol>j(H.'t  will  be  recognized  as  well  as  its  hitninosity,  notwii 
standing  the  small  size  of  its  retinal  imnge.     The  figiiie  of  a  m.-UL, 
feet  high,  seen  at  the  distance  of  ten  ynnls,  makes  at  the  cornea  a  vis 
angle  of  11°  30',  and  forms  upon  the  retina  an  image  which  is  less  tba& 
half  a  millimetre  {^^  of  an  inch)  in  length  ;  and  yet  an  abundance 
details  are  distinctly  perceptible  within  this  space.     The  extreme  liml 
of  approximation  at  which  two  points  may  be  distinguished  from 
other  has  been  exarainetl  by  the  observation  of  fixed  stars,  and  by  tiixd 
of  parallel  threads  of  the  spider's  web,  or  of  line  metallic  wires,  placeiJ 
at  known  distances  from  each   othei-.'      Tbe  general   result  of  these 
examinations  has  shown  that,  for  the  average  of  well-formed  eyes,  tha 
smallest  visual  angle,  at  which  two  adjacent  points  or  lines  can  be  dii 
tinguished,  is  from  60  to  13  sectmds  ;  corn»Rponding  to  fi  distance  U| 
the  retina  of  from  4  to  5  mrain.     Acconliiig  to  the  measurements 
Schultze,  the  diameter  of  tbe  retinal  cones,  at  the  fovea  centralis, 
from  3  to  3.5  mmm.  ;  and  if  two  points  of  light  were  separated  at  ihi 
retina  by  a  less  distance  than  this,  they  would  often  fall  upon  tbe  same 
cone,  anil  cfjnsequently  excite  tlie  same  nucleus  nnd  filire  in  tbe  adjaconl 
layer.     If  the  diameter  of  the  cones  be  the  element  which  deterrainei    J 
the  limit  of  acuteness  of  vision,  two  luminous  points,  to  be  distinctljrfl 
perceptible,  must  be  separated  upon  the  retina  by  a  distance  of  at  le«M 
3  mmm.,  and  must  have  a  visual  angle  with  each  other  of  at  least  ii 


'  Helmholtz,  Optitrjue  Physiologique.     Paris,  1867,  p.  292. 
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occomU.  In  the  cbscrvations  made  upon  fixed  stare,  it  is  found  tUat 
two  stars  c«,n  never  be  separately  distiiiguihhed  by  the  eye  unless  their 
angular  distance  from  eufh  otht-r  is  e<iujd  to  30  setsonds  ;  and  very 
seldom,  imk'ss  it  f<e  as  great  as  6tt  si-contJs.  These  tneasuremonts 
correspond  with  each  otiier  only  in  an  approximative  manner;  |)erliHps 
because  there  has  never  been  an  opportunity  of  examining  the  retinal 
elements  in  an  eye,  of  which  the  uciiteness  of  visiim  has  Iteen  tested 
beforeiiaud.  Kut  tliey  are  siitUeient  to  indicate  a  probable  couueetion 
betwft-n  the  ujitiiiU-  stnictiirt-  of  the  letiua  aud  the  possible  limit  of  its 
sensibility  to  separate  impressions. 

Physiological  Condttiong  of  (he  Sense  of  Stghl. — The  apparatus  of 
vision,  08  aitove  described,  consists  of  various  parts,  each  of  which  has 
its  appropriate  sliarc  in  prodiieing  the  final  result  of  vitjual  percejilious. 
Tlj«;  eye,  so  far  ns  regards  its  physical  structure,  is  un  optical  instrument, 
composed  of  transjwrent  nn<l  refracting  nie<lia,  a  perforated  diaphragm, 
aiul  n  dark  chnml>er  linefl  with  a  blackened  memlirane,  all  of  which  act 
U|R)ri  the  luminous  raya  acconling  to  the  same  htws  as  the  corresponding 
parts  in  a  telescojie  or  a  camera  ;  and  the  accuracy  of  their  adjustment 
ia  one  of  the  first  requisites  for  the  exercise  of  eight.  The  organ, 
furthermore,  is  movable  na  a  whole;  and  certain  of  its  internal  parts 
are  also  under  the  control  of  muscular  tissues,  whose  alternate  con- 
traction and  dilatation  coiitrittule  to  determine  its  mode  of  action.  It 
is,  iu  addition,  a  double  orgnn  ;  and  im]>reBsions  may  be  derived  from 
the  simultaneous  cni|»lo3'ment  of  both  eyes,  which  cannot  be  acquire<l 
by  the  use  of  one  alone-  Finally,  the  special  sensibility  <>f  its  nervous 
elements  is  liable  to  uiudificalions  of  various  kinds,  wbicli  have  an  in- 
fluence upon  the  nature  and  ititi>nsitj  of  the  sensations  prodnce<L  The 
prinei|)nl  contHtions  regulating  the  physiological  exercise  of  the  sense 
of  sight  are  tlie  liiUowing; 

Field  of  Vi«ion. — As  the  eyeball  is  placed  in  the  orbit  with  the 
cornea  and  tlie  ]i.upil  directe«l  forward,  there  i8,.iii  front  of  each  eye,  a 
circular  space  within  which  luminous  objects  are  perceptible;  while 
beyond  its  l>onler3,  laterally  anti  posteriorly,  nothing  can  be  seen. 
This  space  is  the  "field  of  vision."  Its  extreme  limit,  w  man,  reaches 
nearly  to  ISO  degrees  of  angular  distance  ;  that  is  to  say,  with  the  eye 
directed  straight  forward,  the  light  from  a  brilliant  object  may  be  i>er- 
oeive<1,  when  the  object  itself  is  placed  latendly  almost  tis  far  back  as 
the  plane  uf  the  iris.  The  possibility,  for  light  which  ban  come  from 
this  direction,  of  penetrating  the  pupil  ami  finally  reaching  a  sensitive 
part  of  the  retina,  depends  upon  the  refractive  power  of  the  cornea 
and  the  curvature  of  its  anterior  surface,  by  which  the  luminous  ray 
is  bent  inwanl  and  thus  enable<l  to  enter  obliquely  the  orifice  of  the 
pupil.  In  many  of  the  lower  animals,  where  the  eyes  are  more  promi- 
nent than  in  man,  and  the  curvatures  of  the  cornea  and  crystalline  lens 
more  pronuimeed,  the  field  of  vision  is  enlarged  in  a  corresponding 
degree.     In  birds  and  fishes,  it  is  still  further  modified  by  the  lateral 
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position  of  tbe  two  cycH.  The  ostrich,  with  the  Iiea<l  ilirecte*!  fonr»T«l, 
can  cosily  see  oliject^t  plnccd  a  ft>w  ytu'Us  bchiiRl  its  buck ;  aivl  id  uudj 
fish,  when  cxamiiR%)  (rota  dill'eivut  poiiitij  irt  au  aquarium,  it  is  impOMi- 
ble  for  the  observer  to  plaw  lumsc'll'  in  any  ix>i5ition,  ab<jvc,  behiod,  ur 
on  titber  side,  where  be  cannot  sve  ouc  or  lK>tl»  of  tbe  pitpils  of  Uw 
animal.  Tlie  Qelil  of  vision  consequently,  for  tbe  animal^  is  a  conipU-le 
sphere ;  the  light  being  |K'rceptible  from  everj'  point  of  the  surroattilin^ 
space.  In  man,  the  external  borilers  of  tlie  ficlil  of  vision  are  very  ill 
dcfiued ;  ami  ohjccta  |)lae«Hl  ut  a  lateral  distance  of  90  degrees  must  Ir 
very  brilliant  to  attract  attention.  For  practical  purpowes,  the  ^ia« 
within  which  objects  are  iKTceptiljlo  is  one  of  not  more  tbon  75  dcgrets 
on  each  flide,  or  160  tlegrccji  for  tlie  entire  field  of  vision. 

Line  of  Direct  Virion. — Within  the  field  of  vision,  bowever,  thereto 
onlj-  one  point,  at  its  centre,  where  the  fono  of  objects  can  be  perceJtc 
with  distinctness;  and  the  prolongation  of  ihis  piiitit,  in  the  >i       ' 
of  the  eye,  frum  the  [nipil  forwaixl,  is  called  tl>e  "line  of  dirc<  ; 
Objects  met  with  uixm  this  line  can  be  distinctly  seen  ;   nil   others,  bUS 
ated  npon  either  side,  alwve  or  l>eb>w  it,  are  perceived  only  in  an  Impf 
feet  manner.     If  the  observer  plnc«  himself  in  front  of  a  row  of  rcrtirol 
stakes  or  palisades,  he  can  see  those  placed  directly  in  front  of  the  eve 
with  perfect  distinctness-,  bnt  those  on  each  side  appear  as  uncertain 
and  confnsed  images.     On  lonkiuj;  at  the  middle  of  a  printed  pnge,  iu 
the  line  of  direct  vision,  we  see  the  distinct  ontlinea   of  tbe  U-tr    - 
wliile  at  Buecessive  4i (Stances  from  this  point,  the  e^-e  remaining  i.  . 
we  distinguish   first  only  the  separate  letters  with  confused  outlinet, 
then  only  the  words,  and  lastly  only  the  lines  and  siiaces. 

Tills  limitation  of  serviceable  sight  to  the  line  of  direct  vision 
priictically  compensated  by  the  great  mobility  of  the  eyeball,  whic 
turns  successively'  in  difierent  directions ;  tbirs  shifting  tbe  field  of  Tisi* 
and  examining  in  turn  every  part  of  the  space  attainable  by  the  eil 
In  reading  a  printed  page,  the  eye  follows  the  lines  from  le(\  to  ri^h^ 
seeing  each  letter  and  word  distinctly  in  snccession.  A  t  the  end 
each  line,  it  retnrns  suddenly  to  the  commencement  of  the  next,  rcr 
ing  the  same  movement  from  the  top  to  tlie  bottom  of  tbe  page 

The  deficiency  of  distinctness  ontside  the  line  of  direct  vision  depends 
npon  two  causes,  which  are  both   ]>resent,  although  either  separatrl 
wonhl  tend  to  produce  a  fcimilar  result;  namely,  1st,  inaccurate  fi^K'na 
ing  of  the  lumiuons  rays;  and  2d,  diminished  aeatenesa  of  the  ivtii 
Bensibility. 

Rays  of  light  entenng  the  eye  from  the  front,  in  the  line  of  dir 
vision,  may  be  brought  to  an  nccurate  focus  at  the  sitnation  of  tb 
retina.  But  those  which  enter  nt  a  certsiin  degree  of  obliquity,  -wbetht 
from  above,  from  below,  or  from  one  shie,  Buffer  a  more  rapid  conver 
gence  and  are  accordingly  brought  to  a  focns  and  again  dispersed,  befoi 
reaching  the  retina.  Thus  rays  diverging  from  tlie  point  a  (Tig.  198) 
in  the  line  of  direct  vision,  ure  again  conrentrated  at  x,  and  form  a  difl 
tinct  image  upon  the  retina  at  that  point.     Hut  those  cominjj  from  b^ 
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situated  considerably  on  one  side,  under  a  situiiar  degree  of  divergence, 
fall  ujtoii  tbe  cornea  and  the  crystsilline  lens  in  suuli  a  way  that  there  is 
more  tliirerence  in  their  angles  of  incidence,  and  consequently  more  dif- 
ferencc  in  the  amount  of  their  refraction.  They  are  therefore  brought 
together  too  rapidly,  arul  are  dispersed  upon  the  retina  over  the  space 
y,  2,  forming  an  im|H.'rtect  image.  O|»hllmlmoscopic-  exauiinalion  of  Die 
retina  shows  that,  in  point  of  fact,  the  images  formed  at  the  fuDdus  of 

Fig.  LSa 


f  Di  AORAMMA-rio  Brctiom  Of  tbe  K V  bm  A  Lt,  MowiniT  dltnen>nce  Of  wfrnctlon  for 

direct  anil  InJircct  viiiioo.— a,  «.  Rnyi  from  n  point  In  the  iloe  of  tllrcct  vldOD,  focumrd  .it 
thr  retlnx.  b,  y,  s.  Knyt  from  ■  point  oiitilUc  the  Udo  of  direct  Villon,  brought  to  •  fuoui 
kod  diapencd  before  rcachlDg  the  retina. 

the  eye,  from  luminous  objects  in  the  line  of  direct  vision,  present  per- 
fectly distinct  mitliiies  ;  while  those  nt  a  certain  tlistanoe  from  this  point, 
toward  the  latenil  parts  of  ihe  rutiiia,  tire  eoinparativciy  ill<leflned. 

Secondly,  there  is  reason  to  believe  that  the  sensiltility  of  the  retina 
is  also  less  acute  in  it^  lateral  regions  than  at  the  fundus,  and  particu* 
larly  at  the  macula  lutea  and  fovea  centralis;  since,  according  to  Helm- 
bolts,  the  sharpness  of  sijjht  for  objects  at  a  little  distance  from  the 
line  of  direct  vision  diminishes  in  greater  proportion  than  the  dis- 
tinctness of  their  images  forraerl  upon  the  K-tina.  The  fovea  centralis, 
accordingly,  is  the  spot  where  the  retina  possesses  the  most  acute  sensi- 
bility, and  it  is  also  situated  at  the  extremity  of  the  visual  axis,  where 
the  refraction  and  covergence  of  the  Inininoiis  rays  are  eflectetl  with  the 
greatest  accuracy.  Objects  situated  upon  the  line  of  this  axis  are  seen 
by  direct  vision,  and  are  distinctly  perceive<l ;  those  sittiated  in  Ihe 
field  of  view,  outside  this  line,  are  seen  by  indirect  vision,  and  their 
outlines  appear  more  or  leas  confused  and  uncertain. 

Point  of  distinct  mgion,  and  Accommodation  of  the  eye  for  difft^rent 
diatances.  An  optical  instrument,  composed  of  refracting  lenses,  can- 
not l<e  made  to  serve  at  tlie  same  time  for  near  and  remote  olijects.  In 
ft  refracting  telescope  or  spy-glass,  if  the  Instrument  be  directed  towa'  d 
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any  part  of  the  laiiilscape,  olijects  at  a  certain  distance  only  are  dii 
tinctly  seen;  all  uthera,,  aituate<l  witlitn  or  beyond   tbia  distance, ai 
olmciire  or  imperee|tliblo.     This  is  necessarily  the  ease,  since  a  leu* 
system  of  tenses  can  bring  to  a  focus  at  one  spot  oul^'  those  rays  wbirb 
strike  its  anterior  surliiui;  within  a  certain  <lfgree  of  divergence-    Tbe 
formation  of  a  visible  image  at  the  desired  spot  dej.>eud8  entirely  uji 
llie  rtifracting  power  of  llie  lenses  being  such,  that  all  the  rays  divtr 
ing  fnmi  a  ))arlicular  jjoiul  of  the  object  nhall  be  agatn    brought  lo  ui 
exact  focus  at  the  plane  where  the  image  is  to  be  perceived.     If  the  objnt 
be  placed  at  an  indefinite  distance  near  the  horizon,  or  if  it  beooeof 
tlie  heavenly  laxlies,  the  rays  emanating  iVom  any  one  point  of  sueh  on 
oliject  reacJi  the  tekseupe  nnder  so  slight  a  degree  of  divergence  that 
they   are    nearly   parallel;    and,  on    suffering    refraction,  tbey   will  he 
brought  to  a  focus  at  a  sliort  distance  behind  the  lens.      But  if  tb« 
object  be  less  remote,  the  rays  emanating  from  it  strike  the  lens  w 
a  higher  degree  of  divergence.     The  same  amount  of  refractive  jio 
therefore,  piodnees  a  less  rajiid  convergence  than  in   the  former  ca 
the  lays  are  consequently  brought  to  a  focus  only  at  a  g^reater  distam 
hehinil  the  lens.     To  provide  ftyr  this  ilillieulty,  the  spj-glass  b  pn>- 
vtded  with  a  sliding  tube,  l>y  whJch  the  distance  of  the  eye-pieoe  from 
the  objitft-glnsH  nmy  be  shifted  at  will.     For  the  exaininntion  of  remote 
objects,  the  eye-piece  is  pushed  forward,  so  as  to  bring  into  Tiew  the 
imngc  formed  at  a  short  distance  behind  the  lens;  for  the  exnminalioa 
of   near  objects  it  is  tlrawn  backward,  to   receive  the   image  plactil 
ferther  to  the  rear.     This  is  the  accommodation  of  the  spy-glasa  for 
vision  at  dilferent  distances. 

A  similar  necessity  exists  in  the  optical  apparatus  of  the  eye. 
one  eye  be  covered,  and  two  long  needles  placed  vertically  in  front 
the  other,  in  nearly  the  same  linear  range,  but  at  diflerent  distau 
one,  for  example,  at  eight,  and  the  other  at  twenty  inches  from 
eye — it  will  be  found  that  they  cannot  both  be  seen  distinctly  at 
anme  time.  When  we  look  at  the  one  nearer  the  e3'e,  so  as  to  perceive 
its  forra  distinctly,  the  image  of  the  more  remote  one  becomes  con- 
fused; and  when  we  see  the  more  distant  object  in  perfection,  tlmS 
which  is  nearer  loses  its  sliarpness  of  outline. 

The  same  thing  mny  be  made  evident  by  stretching  in  front  of  t 
eye,  at  the  distance  of  seven  or  eight  inches,  a  plain  gauze  veil,  or  oti 
woven  fabric  formed  of  flue  threads,  with  tolerably  open  meshes. 
that  objects  beyond  mny  be  readily  visible  through  its  tisane.  The 
server,  in  using  a  single  eye,  may  fix  at  will  either  the  threads  of 
veil,  or  the  more  distant  olijects  placed  beyond  it;  but  thev  a)temat« 
witlv  each  other  in  distinctness,  like  the  two  needles  in  the  experimmt 
described  above.  At  the  time  when  the  threads  are  sharply  cle6ned, 
other  objects  are  indistinct;  and  when  the  eye  is  fixetl  upon  the  more 
distant  objects,  so  that  they  are  perrectly  delineated  in  the  field  of 
vision,  the  threads  of  the  veil  become  almost  imperceptible^  and  baidlj 
interfere  by  their  presence  with  the  images  seen  beyond. 
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It  is  evident,  therefore,  that  the  eye  cannot  perceive  distinctly,  at  the 
fiatne  timv,  objects  which  arc  placed  ut  ditfercnt  distiiuc«.s,  but  it  must 
tlx  alternately  the  nearer  and  the  more  remote,  and  examine  each  in 
turn.  It  is  also  evident  tbiit,  in  thus  bringing  altLTiialfly  the  one  or 
the  other  into  <iistiuct  view,  there  is  a  chansje  of  some  kind  in  tlie  con- 
dition of  the  e^e,  by  which  it  adapts  itself  to  the  distance  or  nearness 
of  the  object  under  examination.  The  observer  himself,  at  the  moment 
of  transferring  the  sight  from  one  object  to  another,  is  conscious  of  a 
certain  elfort,  by  means  of  which  the  eye  assumes  its  new  condition; 
and  the  alteration  thus  produced  is  not  quite  instantaneous,  but  re- 
quires a  certain  interval  for  its  completion.  The  process  which  takes 
place  at  this  time  is  the  acvommodalion  of  the  eye  for  vision  at  different 
dit^tanoea. 

The  methofi  by  which  the  accommodation  of  the  eye  is  effected  forms 
one  of  the  most  important  parts  of  the  physiolofry  of  sight.  The  facta 
which  have  been  established  by  observation  in  regard  to  it  are  as 
follows: 

I.  l^he  change  in  ocular  accommodation  for  different  dialances  is 
accompanied  by  an  alteration  in  di«t in ctnetss  of  the  images  formed  upon 
the  reli'ta. 

This  js  demonstrated  by  the  observations  of  Helmholtz  with  the  aid 
of  the  ophth»lmosco))e.  VVIien  the  retina  is  brought  into  view  by  this 
instrument,  if  the  person  under  examination  fix  his  attention  U]>oa  a 
distant  object,  its  image  is  shown  upon  the  retina  with  distinct  outlines; 
but  on  chnnging  the  point  of  vision  for  a  nenr  object,  the  image  of  the 
latter  becomes  distinct,  while  that  of  the  former  loses  its  sharpness. 
This  indicates  that  the  result  in  question  is  not  prwluced  simply  by  the 
mental  effort  of  the  intlivitluul^  but  dei>eml8  upon  a  physical  change  in 
the  refractive  condition  of  the  eye. 

II.  Accommodation  for  dixttmt  objects  is  a  passive  condition  of  the 
eye:  that  for  near  objects  is  the  result  of  muscular  actimty. 

This  fact  is  in  sonie  degree  made  apparent  by  the  nature  of  the  jten- 
sations  accompanying  the  change.  The  eye  rests  without  fatigue  for 
an  indefinite  time  upon  remote  objects;  but  for  the  examination  of 
those  in  close  proximity,  esj>ecially  if  it  be  prolongerl,  a  certain  effort  ia 
necessary,  which,  after  a  time,  amounts  to  the  sense  of  flstigtie.  It  is 
also  n-marked  that  solutions  of  atropine,  which,  when  applinl  to  the 
eye,  cause  temporary  paralysis  of  the  sphincter  muscle  of  the  iris  and 
consequent  dilatation  of  the  pupil,  suspend,  n»ore  or  less  completely, 
the  power  of  accommoflati«m  for  near  objects,  while  that  for  rem«)te 
objects  remains  perfect.  If  both  these  changes  were  due  to  muscular 
action,  it  woidd  be  necessary  to  assume  that  the  Knmc  substance  could 
paralyze  one  of  the  internal  muscles  of  the  eyeball,  and  at  the  same 
time  leave  the  other  intact,  or  throw  it  into  a  state  of  permanent  rigid- 
ity, and  there  is  nothing  known  which  would  justify  such  an  assum|i- 
tion.  Furthermore,  there  are  certain  cases  of  paralysis  of  the  oculo- 
motorius  nerve,  where  not  only  the  corresponding  external  muscles  of 
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tlie  ejebiill  ami  the  sphincter  pupiUse  are  relaxe<l,  but  the  cjhangc*  ot 
accomimxlaliou  arc  ulso  iuterferetl  with  j  and  in  ihtfse  iuslnnut:*, acconl. 
iiig  to  llt'luilioltz,  the  eye  invariably  remniu*  adiipUxi  for  long  difttauon, 
and  canimt  be  brougliL  to  a  state  of  diKtiiiet   visiuii   fur  uvat  olijtvii. 
The  evidence  iu  ihia   directiou  is   completed    by  the  •well-known  fwA* 
which  aceompHtiy  the  uuual  diuiinutiou  or  loss  of  accotnmoilalive  [ 
witli  advancing  years.     In  old  persons,  where   this   cbangie   haa  l-Jk.- 
plaee,  it  i«  the  aceomniodalton  for  near  oljects  which  is  delicienU  wu.".« 
that  for  ilistnnt  objects  remains  perfect. 

III.  In  avcoinmoJalion  for  near  ibjecU^  the  crt/tfaltt'ne  lent  bi 
vwre  convex,  thus  increasing  its  refractive  power.      This  is  the  e»^i :,; 
change  upon  whicli  aU  the  results  of  accoinmodatiou  nre  directly  ii<^ 
pendent.     Its  existence  was  demimstrated  by  Cramer  au<l  Dondcr^.'  by 

the  aid  of  what  are  called  the  ^* catoptric 
images,"  or  images  of  reflection  in  the  eje. 
If  a  britllnnt  cumile  flame  be  so  dU|H>sed,ia  » 
rotim  witli  d:»rk  walls,  that  its  rays  fall  somi'- 
what  obliquely  upon  tlic  cornea  of  the  m 
under  observation,  and  nt  an  angle  of  about 
80  degrees  with  its  line  of  sight,  and  If  ll»e 
obscrvi*r  place  hinnself  on  the  oj>|>03ite  side,  »l 
an  equal  angle  with  the  line  of  sight,  Utm 
reflected  images  of  the  flame  will  become  visi- 
ble, as  in  the  aeconipunying  figure. 

Tlie  tirst  k-a-himd  image  (Fig.  190,  o) 
wbich  is  brightest  uf  all,  au<l  upright,  is  ihit 
reflected  from  the  surface  of  the  cornea.  'I'lit 
second,  b^  which  is  also  uprij^iit,  but  maeb 
fainter,  is  the  reflection  ft-om  the  convex  anterior  surface  of  U>e  ienx: 
and  the  third,  c,  wUich  is  tolerably  distinct,  but  inverted,  is  thru«a 
back  from  the  posterior  surface  of  the  lens,  acting  as  a  concave  mimr. 
Jf  tbe  [X'rson  under  observation  now  changes  his  point  of  sight,  from  ft 
distant  to  a  near  otyccl,  tl»e  position  of  tlie  eyeball  reQi:iininj^  fixed,  the 
secoml  image,  A,  bi'eonK's  smaller,  and  places  itself  nearer  tlie  first 
I'his  indicates  that  the  anterior  surface  of  the  lens,  from  which  llua 
image  is  reflected,  becomes  more  bulging,  and  approaches  the  comek; 
at  the  same  time  no  cliange  is  olxstrvable  in  the  other  two  imiflM, 
showing  tbfit  the  curvatures,  Iwtli  of  the  cornea  aud  of  the  posLenur 
surface  of  the  h-ns,  remain  unaltered. 

Helmhottz  has  nnide  the  [ihenomenon  above   described   ranch  more 
apparent  by  emph>ying,  instead  of  a  single  light,  two  similar  sonroes  of 
illumination  phiecd  in  the  same  vertic-al  tine.     There  are  thus  pro<li>c^^ 
two  catoptric  iniagus,  one  above  the  other,  from  each  surface  of  rvl}6^^| 
tion  ;  lutd  an  increase  or  diminution  in  convexity  of  either  of  ibeae  hut^^ 

'  Ponders,  AccommoilatioD  and  Rerraction   of  the  Eye,  Sydenham  editii>a 

Loudou,  18&4,  p.  10. 


CATOrTBIC     iMAaEB     IX 

TUB  KvE.— o.  I'prlght  Imnxo 
of  r«fleeMon,  from  the  surfjice 
of  the  Cornell.  b.  rprtKtit 
Imn^p,  from  (lie  nnterlur  mir- 
fiiee  of  tlie  teni.  c.  Invprteil 
ImAge,  from  tho  posterior  «ur- 
f«ce  of  the  Jent.  (Hclmliulli.) 
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faces  irouUl  be  rearlily  maui Tested  by  nn  appronch  or  recession  of  the 
two  images  l»elongirig  to  it.  In  iiccomiiiodfttion  lor  rL>moto  objeels  (Fig. 
200,  A),  the  two  iiii»ges  from  the  antt;ri»)r  hUtTace  of  tile  lens  are  of 
considerable  size  and  somewhat  widely  separated  ;  in  accommodation 
for  near  objects  (//),  they  dimiiiish  in  size  and  approach  each  other. 
The  double  i^llectioiis  fioin  tiie  cornea  and  the  posterior  surface  of  tho 
leu8,  remain   »l  sinKibly  the  same 


distance  from  each  other  in  both 
Htatt's  of  Accommmlation, 

The  advance  of  the  iris  an<l  j)ii- 
pil,  in  coiiswjiifnee  of  tha  protru- 
Bion  of  I  he  niiterior  face  of  the  lens, 
OS  tvmarked  by  tlehnholtz,ean  also 
be  oliserved  directly,  by  looking 
Into  the  eye  from  the  side.  Jf  the 
observer  look  frr>m  this  direction 
BO  as  lo  obtain  a  ])rofile  view  of  the 
cornea  and  part  of  the  sclerotic  be- 


Fig.  200. 


^ 


i     ^ 


CuANOB    or    Position    in    Vovmlm 

OATOrTRio  iMAOBsduriDg  Mccommoda- 

tiou.— ^.  HocilloD   of  the  imagei  In    accoid. 

I-  1      i_         motlatlon   /or  dlitAol  objeeta.     B.  Poiltlon 

tween  tho  opening  ot  the  eyelids,  he     of  the  iiimget  m  iiccominoJ«tion  for  oe«r  ob- 

will  see  the  dark   putlil  in  perspec-     -J'"""-    «•  fornenl  image.    6,  Im«B««froin  •n. 
.  :  tcrlor  lurfaee  o(  Iroa.    c.  Image  from  ))oite- 

tive  un<k'r  the  form  of  an  upright     nor  aurfaoe of  teni.    , Helmholix.) 
elongated  oval,  a  little  in  fnmt  of 

the  edge  of  the  sclerotic.  The  person  under  observation  fixes  his  sight 
upon  a  distant  object,  and  the  observer  places  himself  Blendily  in  such 
a  position  that  the  IiIiIrt  dlge  of  the  iris  is  just  concealed  by  the  ante- 
rior border  of  the  sclerotic.  If  the  eight  be  now  shifted  from  the  dis- 
tant to  a  near  object,  in  the  same  Hiiear  range,  the  pupil  visibly  ad- 
vances toward  the  cornea,  an<1  the  edge  of  tlie  iris  shows  itself  a  little 
from  behind  the  edge  of  the  sclerotic.  If  the  sight  be  again  directed  to 
the  distant  object,  the  pupil  recedes  and  the  e<lge  of  the  iris  disapjteara, 
as  before,  behind  the  sclerotic. 

The  accommodation  of  the  eye  for  near  objects  is  therefore  produced 
by  an  increased  refractive  jHJwer  of  the  /en«,  from  the  greater  bulging 


Fip.  201. 


Fig.  202. 


Vision     rOH    DISTANT 


VlAluM    yoB    tllAB    OI>JBlT!>. 


of  Its  anterior  face.  This  has  the  eflfeet  of  increasing  tho  rapidity  of 
convergence  of  rays  passing  through  it.  and  consequently  comi»enflutea 
for  their  greater  divergence  Itefore  entering  its  subtitance.  In  the  ordi- 
nary condition  of  ocular  repose,  when  the  eye  is  directed  to  distant  oli- 
41 
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jects,  the  rays  coming  from  any  point  of  such  an  object  arrive  xl  Ibe 
coraea  in  a  nearly  piirallel  position,  aaU  are  then  refracted  to  sueb  ido] 
gree  that  they  meet  in  u  focus  at  the  retina  (Fig.  201).  When  l\uivy 
is  directed  U>  a  nearer  i>oiui  (Fig  202),  the  lens  increases  iXa  aaterwr 
convexity;  and  the  divergent  ra^'s,  being  more  strongly  refractal,  «n 
still  brought  lo  a  focus  at  the  retina,  aa  before.  It  tbu»  becomtis  {xwi- 
ble  to  fix  aiternuLely,  in  distinct  vision,  objects  at  various  diataaoeia 
frtuit  of  the  eye. 

Mechanism  of  (he  Change  in  Figure  of  the  Lens  in  Accommodation. 
Tiie  mechanism  by  which  the  lens  is  rendercil  more  convex^  in  vi 
for  near  objects,  is  far  froin  being  completely  demonstrateii.     Th« 
sons  have  already  been  given  which  lead  to  the  conclusion  th; 
accomplished,  in  some  way,  hy  muscular  action  ;  and  the  two  n 
which,  separately  or  together,  uinloubtedly  produce  this  change,  are 
tri«  and  the  ciliary  muKcle. 

The  iris  certainly  contracts  In  accommodation  for  near  objects. 
is  easily  oliscrved  on  examining:  by  daylight  the  pujjil  of  an  eye  nh 
19  alternatt'ly  directed  to  near  and  renmte  objects.  The  pupil  visi 
diminishes  iti  size  when  tlie  eye  is  fixml  upon  a  point  near  by,  and  ag: 
enlarges  when  the  sight  is  accommodHttHl  f(>r  the  distance.  The  mo 
ments  of  the  ciliary  muscle,  on  the  other  band,  are  not  subject  to 
serration  ;  but  the  attachments  and  position  of  this  muscle  have  led 
many  writers  to  attribute  to  it  an  important,  if  not  the  principal,  p»r; 
in  causing  a  change  of  form  in  Lbe  crystalline  lens. 

So  far  as  we  are  at  jiresent  able  to  form  a  judgment  on  thif*  qnestioo, 
it  may  be  said  that  the  dimiiKition  in  size  of  the  pupil  is  not  bv  it«t-<f 
an  efficient  cause  of  accoramodntion  ;  since,  according  to  Uebnhollz,  if 
the  observer  look  thnjugli  a  perforated  card,  the  orifice  of  which  is 
smaller  than  the  pupil,  near  objects  still  appear  indistinct  when  the 
sight  is  direetcil  to  tlie  distance,  and  rice  vcrffd,  notwithstanding'  tbe 
invariable  dimensions  of  the  artificial  ])upil  thus  employed.  Th« 
traction  of  the  circular  fibres  of  the  sphincter  pu|>illae  must,  thci. 
h:no  for  its  probable  objeiU  to  Ox  the  iiMier  border  of  the  iris,  tiius 
affording  an  internal  p«mt  of  attachment  for  the  radiating  fibres  of  th« 
same  muscle.  These  fibres  have  for  their  external  attachment  the 
elastic  tissue  at  the  inner  Widl  of  the  canal  of  Schlemna  <Fig.  189);  and 
from  this  circle  also  arise  the  fibres  of  the  ciliary  muscle,  which  ra<iiate 
outward  ami  backward  to  their  final  attachment  at  the  surface  of  the 
choroid  membrane.  If  the  circular  and  radiating  fibres  of  both  these 
muscles  contract  together,  they  will  form  a  connected  system,  w 
may  exert  a  proesiiire  Ufjon  the  borders  of  the  lens,  sufficient  to  c« 
the  protrusion  of  Itn  anterior  Gice  at  the  pupil,  Mhere  aluiic  its  adv 
is  not  resisted.  The  aqueous  humor,  displaced  by  the  protrusion  of 
lens,  may  fiml  room  in  the  external  parts  of  the  anterior  clinmber,  where 
the  outer  bonier  of  the  iris  recedes,  under  the  traction  of  the  ciliarr 
muscle.  These  are  the  genei-al  features  of  the  mechanical  action  ia 
accommodation,  as  it  is  geueraity  supposed  to  Utkc  place.     At  the  sane 


Lhe«e     I 
rhich    J 

rm 


8KKSB    OF    8IOHT. 


685 


its  details  are  by  no  means  clearly  understood ;  and  explanations, 
raryinji  more  or  less  from  that  given  above,  linve  l>eeu  [iroposotl  by 
►bsorvers  of  very  high  authority.  The  direction  and  degree  in  which 
pressure  would  be  exerted,  by  iiiuHcular  libreM  attached  like  those  in  the 
interior  of  tlie  eye,  are  too  iun>erfectly  known  to  warrant  a  positive 
iteinent  in  this  respect. 

Limits  of  Avt'ommodation  for.  the.  Normal  Eye. — The  normal  eye  is 
Constructed  Liuit  rays  eiuuuutiiig  from  a  single  point,  though  coming 
rom  an  indeflnile  distance,  and  therefore  sensiltly  panillel  to  each  other, 
re  brought  to  a  Ibeua  at  the  retina  (Fig.  203).  Vision  in  acconlingly 
listiuct,  even  for  the  heaveuly  bo<lies,  provided  their  light  be  neither  too 
lim  nor  too  excessive  in  brilliancy.  For  Iwdies  silnfited  nearer  to  the 
eye,  the  convexity  of  the  lern*  increases  with  the  diniiinition  of  the  dis- 
tance, and  vision  still  remains  perfect.  Hnt  there  is  a  limit  to  the  change 
of  shape  whicli  the  lens  ta  capable  of  assuming ;  and  when  this  limit  is 
reacheil,  a  closer  n|iproximntion  of  thp  object  necessarily  destroys  the 
accuracy  of  its  image.  For  onlinury  normal  eyes,  in  the  early  or  middle 
periods  of  life,  nccommo<latinn  fails  and  vinion  liecomes  indistinct,  when 
the  object  is  jihiced  at  loss  than  l.i  centimetres  (ft  inches)  from  the  eye. 
Between  these  two  limits,  of  15  centimetres  and  infinity,  the  amount 
of  accomnio^lution  required  is  bj-  no  means  in  simple  proportion  to  the 
variation  of  the  distance.  The  change  of  accuranuxlation  necessary  for 
objects  situated  respectively  at  15  and  30  centimetres  from  the  eye  (6 
inches  and  12  inches),  is  much  greater  than  that  corresponding  to  the 
di^itances  of  one  yard  and  two  yanls.  The  farther  the  object  rece<le8 
from  the  eye,  the  less  ditTerence  is  produced,  in  the  sensible  divergence 
of  the  rays,  by  any  additional  increase  of  distance ;  and  consequently 
less  variation  is  required  in  the  refractive  condition  of  the  eye  to  pre- 
serve the  accuracy  of  its  image.  It  is  generally  found  that  no  sensible 
effort  of  accommodation  is  required  for  oljects  sitnattMl  at  any  distance 
beyond  fifty  feet  from  the  observer;  while  within  this  limit  the  amount 
of  Acconimrxlation  necessary  for  distinct  vision  increases  rapidly  with 
the  diminution  of  the  distance. 

An  eye  which  is  capable  of  accommodating  for  distinct  vision,  through- 
oat  the  whole  range  included  l>etween  15  centimetivs  and  an  indeQuite 
distance,  is,  in  this  respect,  a  normal  eye,  and  is  said  to  lie  rmmetropic  t 
that  is,  its  powers  of  !iccommo<1ation  are  place<l  within  the  natural  limits 
or  measurements  of  thif>  functinn. 

Prexbi/opic  Kye. — The  power  of  accommodation  diminishes  naturally 
with  the  advance  of  age;  and  observation  shows  that  this  diminution 
dates  from  the  earliest  fwriod  of  life.  Infants  oft-en  examine  minute  ob- 
jects at  vt'rv  short  distances,  in  a  manner  which  wonid  be  quite  imprac- 
ticable for  the  healthy  adult  eye;  and  the  minimum  distance  of  distinct 
vision  at  twenty  years  of  age  is  placed  by  some  writers  at  ten  centi- 
metres instead  of  fifteen.  The  power  of  increasing  the  con\'exit3'  of  the 
lens  to  this  extent  is  soon  lost ;  and,  as  it  continues  to  diminish,  a  time 
ires,  usually  between  the  ages  of  40  and  50  years,  when  the  incapacity 
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of  aceomnKKlfition  for  near  objects  begins  to  iiitcrfere  with  the  onfins 
occupations  ut  life.     When  tliia  condition  in  establislied  the  eye  i»  \ 
to  lie  preKbyopic.     Its  vision  is  still  perfect  for  distant  objects,  but) 
can  no  longer  adupt  itself  fur  tbe  examination  of  those  iu  close  pr 
imitj'  to  the  eye.     To  rfmetly  tliis  defect  the  patient  employs  a  con« 
eje-glaas,  which  re[i!:ice3  for  him  the  increased  convexity  of  the 
talline  lens,  in  accommodation  for  near  objects;  ami  by  tbe  aiti  of  ji* 
a  ghiss  he  is  able  to  read  or  write  at  onlinury  distauces  and  in  chanict 
of  the  ordinary  size. 

The  use  of  a  convex  eye-glass  does  not  re8t<»re  tbe  perfection  of  i 
as  it  existed  beforehand,     in  the  normal  eye,  tbe  degree  of  acconuooil 
tion  varies  for  ewty  ch:inge  of  distauce  within  fifty  feet ;  and  the  of 
is  thus  adjustwi,  by  an  instantaneous  and  unconscious  movement, 
the  most  delicate  variations  of  refractive  power.     But  an  eye-glass, 
curvatures  of  which  are  invariahle,  can  give  perfect  correction  only 
a  single  distance.     A  glass  is,  therefore,  usually  selected  of  sqcIj 
Btren>(th  as  to  nerve  for  the  most  convenient  distance  in  tbe  ordim 
manipulutlun  of  near  objects. 

Fig.  203. 


EMMKTBoric  K\M,  lu  riiton  lit  long  diitsooe*.    (WuodU) 


Fip.  204. 


t 


MvoiMO  ErK.  ini'iaioa  At  looK(lUt<«no««.    (Wuodt.) 

Myopic  Eye. — In  many  instances,  where  the  eye  is  otherwise  of  nor- 
uial  configuration,  its  antero-posterior  diamt-ter  is  longer  than  usual, 
thus  placing  the  retina  at  a  greater  distance  behind  tbe  lens.  The  coo- 
sequence  of  this  pceuiiarity  is  that  while  the  luminous  rays  are  brought 
to  a  focus  at  the  U!*iu»l  dist.inco  from  their  point  of  entrance  into  lht»  eve, 
this  focus  is  situated  within  the  vitreous  b<«1y;  and  the  ravs  reach  the 
I'etina  only  atler  they  have  crossed  and  suffered  a  partial  dispersion. 
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fFig.  204.)  Tbis  produces  an  indtsticct  image  for  all  remote  objects. 
V'itbiu,  however,  a  certain  diBtance  from  the  eye,  the  rays  enter  the 
)U[*il  under  Buch  a  degree  of  divergence,  that  tlieir  focus  behind  the  lens 
faJb  lit  the  Bitiiation  of  ihe  retina,  and  the  oi)jeot  \a  disliiiclty  seen. 
iucii  an  eye  is  said  to  Im  fuyopic^  or,  iu  ordiusiry  language,  "near 
lightc<l,"  liecatise  lis  range  of  distinct  viuion  i^  confined  tu  objects 
kituatcit  comparatively  near  the  eye.  The  dexibility  of  the  lens,  and  its 
p;i|jiieity  for  increasing  its  cunvexily,  may  bt",  in  the  myopic  eye,  fully  up 
to  the  normal  standard,  and  consequently  its  puwcr  of  accommodation 
may  be  as  great  in  reality,  though  not  in  distance,  as  that  of  the  normal 
eye.  In  the  emmetropic  condition,  a  certain  degree  of  variation  in  the 
curvature  of  tlie  lens  produces  tim  necessary  change  of  accommodation 
for  any  distance  betwi'cii  15  cfnlimutrcs  and  infinity.  In  the  myopic 
eye  the  same  amount  of  accommodating  power  may  be  present,  though 
perfectly  distinct  vision  be  confined  l>etween  the  distances  of  S  and  20 
t?entimetri'8.  The  myopic  eye  consoijuenlly  has  distinct  vision  at  shorter 
di^tancwidi  than  a  natural  oni*,  but  gives  an  imperfect  image  for  remote 
objects. 

The  remedy  adopted  for  the  mj-opic  eye  is  to  employ  a  concave  eye- 
glass, whifh  iucreawes  the  *livergence  of  the  incident  rays.  Tids  enaldes 
the  eye  to  bring  ])arallel  or  nearly  parallel  rays  to  a  focus  8itunte<l 
farther  back  than  it  vrould  otherwise  fall,  and  at  the  actud  position  of 
the  retina;  thus  giving  distinct  vision  for  remote  ol»Jects.  As  the 
accommodative  (.towt-r  is  normal  in  amount,  this  c«>ntrivaiice  restores 
completely  the  |)erl"ection  of  sight,  in  a  myopic  eye  wldch  is  otherwise 
WfU-formeii  ;  and  the  patient  can  then  accommodate  accurately  for  all 
distances  within  the  Jialural  limits  of  distinct  vision. 

Apparent  Position  of  Objectjs^  and  Binocular  Viiiun. — The  apparent 
jK>sition  of  an  object  is  determined  by  the  direction  in  which  the  linni- 
nous  rays  pass  from  it  to  tlte  interior  of  the  eye.  The  perception  of 
i\w  lijjht  itself  necessarity  marks  the  direction  from  which  it  tms  arrivetl, 
ami  therefore  the  apparent  position  of  its  source.  It  is  difficult  to  nnder- 
atand  fidly  the  precise  (ihysiological  conditions  which  cause  tins  appreci- 
ation of  tlie  path  followed  by  a  luminous  beam;  although  there  seems 
rt-ason  for  the  belief  that  it  is  in  some  way  connected  with  the  posi- 
lion  of  the  rods  and  cones  which  stand  per|.»endicularly  to  the  curved 
surface  of  the  retina,  and  thus  receive  the  impression  of  a  rsy,  if  at  all, 
in  the  direction  of  their  hmgitndinnl  axes,  Pnt  whatever  may  la?  the 
optical  or  physiological  mechanism  of  tlie  process,  its  plain  result  is  that 
a  ray  coming  from  below  attracts  attention  to  the  inferior  part  of  the 
Held  of  vision ;  and  one  coming  from  above  is  referre<l  to  its  ix>int  of 
origin  in  the  upix-r  part  of  iho  same  field.  Thus  if  two  Uiminons  |iorntN 
ap|>ear  sirhnltaneonsly  in  the  field  of  vision,  they  present  themselves  in  a 
certain  position  with  regard  to  each  otljer,  above  or  below,  to  the  right 
or  the  lefl,  according  to  the  direction  in  which  tlieir  light  has  reached 
the  eye. 
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This  fact  is  fully  dcraoiistrnleil  b^'  tiie  pliCToraena  of  an^Iar  rette- 
tiim  find  refraction.  It' a  cuiuUe  be  bcld  bcliiud  the  back,  in  such  a  por- 
tion an  to  be  reflected  in  a  mirror  placed  ut  the  frout,  the  light  preaeitti 
itself  to  tlie  eye  an  if  it  were  really  in  front,  because  it  is  from  Ihii 
dircetion  lUiit  tlie  luminous  raya  finally  come.  If  we  observe  tlie  nrflw- 
lion  of  objects  tu  a  mirror  held  hori^outally,  or  in  a  smooth  6b(«l  of 
water,  the  objects  seem  to  Iw  placed  below  the  reflectiiijf  surface, althoodl 
they  are  really  abme  it;  since  the  rnys  whicli  make  their  impre««ii:m 
upon  the  eye  actually  come  fnim  beloiv.  A  stick  or  pebble,  seen  pI^- 
liqucly  at  the  bottom  of  a  transparent  pool,  apix^ars  nearer  the  surCue 
than  it  really  is,  because  the  rays  which  reach  the  visual  organ  ha\« 
lieen  bent  from  their  course,  in  passing  from  the  water  into  the  BtiO(i»> 
pbere,  and  have  consefjuently  assumed  a  more  oblique  direction. 

Erect  ViHt'on^  wtth  Inverted  Retinal  Image, — Since  it  is  the  direcli' 
of  the  Visual  rays,  rathL-r  than  the  ])oint  of  their  impact  upon  the  retii 
which  detennines  the  iip|iarent  relative  position  of  luminous  obj 
such  objects  appear  erect  although  their  imag^es  upon  the  retina  are 
invLTte«:l.     The  retinal  image  is  nut  the  form  which  is  seen  by  Ihe  r 
itself,  but  is  only  a  phenomenon  visible  to  the  inspection   of  anotiv 
eye.     It  is  an  appearance  which  is  incidental  to  the  mode  of  refracti 
of  the  visual  rays;  and  its  position  ia  quite  a  distinct  matter  from  ll 
of  the  luminous  imprcssiona  fwrccived  by  the  retina.      Its  relation 
the  picture  really  presented  to  the  sensitive  mem}>ratie,  ia  like  that 
the  reversed  engraving  upon  a  wood-ciit  to  the  printed,   impression 
the  same  de8i<^n;  or  like  that  of  the  elevations  and  depressions  oft 
mould  to  the  depressions  and  elevations  of  the  cast  taken  from  it. 
the  field  of  sight,  therefore,  for  each  eye,  every  object  appears  above 
below,  to  the  right  or  left,  accordinpr  to  the  position  which  it  re 
occupies  in  regard  to  the  centre  of  the  field  and  the  line  of  direct  visi 

roifU  of  Fijraiiov,  in  Viifion  with  Two  EyjeK — For  each   eye,  distinct 
perception  ia  possible,  as  shown  above  (p,  628),  only  for  objects  eitua 
in  a  single  range,  wliicli  is  known  as  the  "line  of  direct  vision/'     i»i 
the  eyes  are  placed  in  their  orbits  at  a  lateral  distance  from  each  o' 
of  about  six  centimetres,  when  they  are  both  directetl  at  the  same  obj 
within  a  moderate  distance,  their  lines  of  direct  vision  have  a  seusi 
convejgenoe,  and,  of  course,  cross  each  other  only  at  a  single  ix>i 
At  this  point  of  intersection  of  the  two  lines  of  direct  vision,  an  obi 
may  be  seen  distinctly  by  both  eyes  at  the  same  lime.     But   at  eve 
other  point,  it  must  appear  indistinct  to  one  of  them ;  becaase  if  it 
in  the  line  of  direct  vision  for  the  right  eye  it  will  be  out  of  that  line 
for  the  left,  and  vice  vers^     There  is,  nccoRltngly,  only  a  certain  di 
tance,  directly  in  front,  at  which  an  object  can  be  distinctly  seen  s 
ultaneoualy  by  both  e^ves;  namely,  that  at  which  the  two  lines  of  di 
vision  cross  each  other.     This  point  is  called  the  point  of  Jijratiun,  f( 
the  two  eyes.     In  fixing  any  object,  for  binocular  vision,  the    accomm 
dation  in  each  eye  is  at  the  same  time  adjusted  for  the  required  distance* 
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1(1  thus  the  entire  accuracy  of  both  organs  ia  coDcentrated  upon  a  ein<^le 
point. 

Siace  it  is  the  position  of  the  two  eyes  in  their  respective  orbits  which 
deteruiineH  the  puiiit  uf  fixatiuu,  the  observer  can  furm  a  laleiably  accu- 
rate ju<lgineiit,  sm  to  whether  another  person  within  h  uitxlerate  distance 
he  looking  at  liiin,  or  ut  »uiue  utiier  object  larther  reiuoveil  in  the  same 
direction.  For  more  considerable  distances  the  estimate  fails,  because 
the  obliquity  of  the  two  ej-es,  which  varies  |)erceptibly  within  moderate 
distanee)^^  <liuiinii«hei)  so  much  in  looking  at  remote  objects,  that  the 
alight  ditferfnceij  wliich  exist  are  no  longer  appreciable  by  the  observer, 
Hingle  and  DtMinct  VtAton  wilh  bolh  Eyex. — From  the  preceding 
facts  it  is  evident  that  oidy  one  point  can  be  found  in  the  line  of  direct 
vision,  for  botlj  eyes  at  the  same  time. 
When  an  object  occii|vic'9  this  Bitnation, 
namely,  the  point  of  fixation,  it  is  distinctly 
perceived  b}'  both  eyes  in  ihe  centre  of  llie 
field  of  vi^^ion ;  thus  its  tw^u  visual  images 
exai'tly  cover  each  other  in  their  apparent 
position  and  so  form  but  one.  Consequently, 
the  object  appears  single,  though  aecn  aimnl- 
fcineously  by  both  eyes  (Fig.  205).  But  if 
placed  eitlR-r  within  or  bey  find  the  point  of 
fixation,  an  oljeet  ap|iears  indistinct  and  at  I  I       \  \ 

the  same  time  double.  I  f  the  obBer\'er  hold 
a  Blen<ler  rod  in  the  vertie.'d  position  at  a 
distance  of  one  or  twt>  fi-t-t  t>elore  the  face, 
and  in  the  same  range  witl»  any  emali  object, 
such  as  a  door-knob,  on  the  opposite  side  of 
the  room,  it  will  be  fotiiul  that  when  both 
eyes  are  din-eteil  at  the  rod,  it  is  seen  single 
and  distin^ll^-,  but  the  door-knob  appears 
double  oite  of  its  images  fulling  upon  each 
Bide.   If  the  eyes  l>e  now  directeil  at  the  door- 


o 


8t>OI.S    AKD    DOTTBtK    Vf. 

•  ION,  lit  (lUTrrcnt  distADce*.— J. 
knob,thatmtnrnbecomesdistmetand6inglf,  j„,  ...fj^  point  «fflK,tion..ec.n 
while  tlie  rod  apjiears  douhle,  one  indistinct     •ingic.    J.  oiijeot  beyond   th« 

t  1    •  II  u     -J  1.    r  point  of  flsattoo,  Men  double. 

ininge  Ix-ing  ptaeed  on  each  side,  as  before.      "^ 

These  phenomena  depend  upon  the  different  directions  of  the  two 
lines  of  direct  vision.  Wii«'n  tlie  eyes  are  so  directe<l  that  the  nearer 
oliject  (Fig.  20.^,  i)  occupies  the  point  of  fixation,  tlie  farther  object  (8) 
will  also  be  seen,  because  it  is  still  includeil  in  the  visual  field  ;  although 
it  will  be  seen  indistinctly,  l>ecau8e  the  accommodation  of  the  eye  is  no 
longer  adjusted  to  its  distance,  and  because  it  is  not  in  the  line  of  direct 
vision.  Hut  for  the  right  eye  (a)  it  will  be  placed  to  the  right  of  thia 
line,  and  for  the  left  eye  (6)  t.o  the  left  of  it.  Its  two  images  do  not  cor- 
respond with  each  other  in  situation,  and  the  object  accordingly  appears 
double. 

If  the  eyee,  on  the  other  hand,  l)e  directed  at  the  more  distant  object, 
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the  nearer  one  is  no  longer  in  the  point  of  fixation.  For  the  right  cjt, 
its  image  will  ajijR'nr  to  tUe  left  oi  the  line  ol'  direct  visinu,  aiul  !or  l\n 
left  eye  to  tLie  right  of  lUis  line.  It  therefore  appcai'ji  double  ami  uk 
distinct. 

Thus,  iu  the  ordinary  use  of  binocular  vision  every  object  hut  uur 
a|i[n'ur3  doul)le  and  ut  the  same  lime  iuiperfeetly  delineated.     TitbcV" 
cuin.stanee  is  so  little  notieetl  that  il  i:*  never  a  source  of  coiiftuioit  l>l 
the  sight,  aud  even  reqaires  a  sixHiiul  expetiment  to  ilemoitstrttr 
existence,     Tiie  reason  for  its  jjassiiig,  as  a  general  rule,  uuol)«ent> 
twofohl.     First,  the  attention  is  naturally  concentrated    upon  the  oli.t 
wbiuh  13  placed,  for  the  moment,  at  the  point  of  fixation.     Wbcu  thi> 
point  is  shifted,  the  new  object  u])on  which  it  falls  also  ap|>e-ar»  tiaffft; 
anil  thus  the  idea  uf  a  double  image,  oven  if  indistinctly  »uggest«l 
any  time,  \a  at  onee  disjH'lU'd  by  the   movement  of  the  eyi*  in  UmC] 
direction.     Secondly,  an  object   which  ia  really  placed    in   any  i> 
toward  the  right  band  or  the  left  will  form  an  indistinct  double  li 
since  it  occupies  a  dilTerent  apparent  position  for  the  two  eyes. 
the  (;*hliquity  of  lis   raya,   and   eoDfleqnenlly   the   indistinctness  of  it 
imaare,  will  be  greater  for  the  right  eye  thnu  for  tlu>  left,  or  irice 
and  the  notice  of  the  observer,  if  drawn  to  it  at  all,  is  occupied  vU 
the  more  distinct  of  the  two  images,  to  the  exc-lnsion  of  tiie  oIHpC 
The  fact  becomes  palpable  only  in  such  an  experiment  as  that  debtilodl 
above;  where  two  bodies  are  examined  in  the  eiime  linear  range,  »o  tint 
the  dotible  images  proiluced  are  equal  in  intensity,  an<l   sufflcientl?  fl«> 
tache<l  by  contrast  from  surrounding  objects  to  force  themselves  opoa 
the  attention. 

Pouble  vision  may  also  be  produced  at  any  time  l»y  pressure  with 
the  finger  at  the  external  angle  of  one  of  the  eyes,  so  as  to  alter  its  p<j«>i- 
tion  in  the  orbit,  the  other  eye  remaining  untouched.  But  in  this  cat« 
it  is  the  whole  flchl  of  vision  which  is  displaced,  and  all  objects  STt 
donbk-d  indiscriminntely ;  their  images  being  separated  to  tlie  same 
degree  and  in  the  same  direction,  whatever  may  be  their  distance  fmm 
the  eye.  It  is  this  fonn  of  double  vision  which  is  pro<liice<l,  in  vertigo 
or  intoxication,  by  irregulur  action  of  the  nHisjclcs  of  the  eyeball. 

Apprecialion  of  Soluiiti/  aitd  Projection \Vhen  both  eyca  are  dii 

ed  simultaneously  at  a  single  point,  the  distance  of  the  object  may 
estiioiiteil  with  considerable  accuracy  by  the  degree  of  convervenee 
the  visual  axes   required   for  its  fixation.     Since  this   convergence 
in  proportion  to  the  proximity  to  the  observer  of  tlie  point  of  fixatic 
anotber  impression,  of  different  kind  but  of  equal  importance,  is 
produced  by  binoculnr  vision,  when  the  object  has  an  appreciable  voliii 
ami  thickness,  and  when  it  is  placed  within  a  moiierate  distance.     Owii 
to  the  lateral   separation  of  the  two  eyes,  and  the  convergent  directio 
of  their  visual  axes,  they  do  not  both  receive  from  such  an  object  pr 
cisel}'  the  same  image.     Both  eyes  will  see  the  front  of  the  object  il 
nearly  the  same  manner;  but  in  addition  the  right  eye  will  see  a  litt 
of  ita  right  side,  and  the  led  eye  will  see  a  little  of  its  left  side,     Tbi 


is  illufitrated  in  Figs,  206  and  207,  which  represent  a  skull  as  seen  by 
the  two  eyes,  when  placeii  exactly  iu  front  of  the  obscrvor  at  a  distance 
of  eighteen  indies  ur  two  leet:  rather  more  of  the  tk-tails  on  onv  side 
being  risible  to  the  left  eye,  nud  rather  moie  of  Itiose  on  the  other 


Fig,  206. 


Fig.  207. 
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beinor  visiWe  to  the  rijjht  eye.  As  the  central  part  of  the  mivss  is  in  the 
point  of  lixatjon,  at  the  junction  of  thi*  two  visual  axes,  the  object 
np|)ear8  single.  But  the  images  wliich  it  presents  to  the  two  eyes  are 
not  precisely  irlenticftl  in  form  ;  and  it  is  the  corahiiiati^jn  of  these  dif- 
ferent images  into  one  winch  gives  rise  to  the  impression  of  aolidily  or 
projeclinn. 

lint  this  effect  is  com|vIete  only  when  the  object  is  situate*)  within  a 
moderately  short  distance.  For  those  which  are  comparatively  remote, 
the  convergence  of  tlie  visual  axes,  and  consequently  the  iliffereneo  in 
the  apparent  confitjtiration  of  the  two  images,  become  inappreciable, 
and  the  optical  impression  of  solidity  disappears.  At  a  distance  of 
Bonie  miles  even  a  Inrjje  object,  like  a  mountain,  loses  its  projection, 
and  presents  tlte  form  of  a  flattened  mass  against  the  horizon.  It  is  on 
this  account  that  pictorial  representations  of  distant  views  are  often 
extremely  effective;  the  idea  of  successive  remoteness  in  different  parts 
of  the  landscape  being  conveyed  by  appropriate  intersection  of  the  oat- 
lines  and  by  v.iriati<in8  in  lone,  color,  an<l  distinctness,  like  those  due 
to  the  interposition  of  the  atmosphere.  On  the  other  hand,  a  picture 
of  near  objects,  which  aims  to  represent  their  solidity,  can  never  de- 
ceive us  in  tins  respect,  however  elaborate  m.iy  \>c  tlie  details  of  surface, 
shadow,  and  color ;  since  the  flat  surface  of  the  picture  presents  the 
same  image  to  both  eyes,  and  it  la  consequently  evident  that  the  ob- 
jects delineated  have  no  real  projectif»n.  But  if  two  pictures  of  the 
Bame  object,  t.ikon  in  two  difTerent  positions,  be  presented  in  such  a 
way  tliat  only  one  of  them  is  seen  by  the  right  eye,  and  only  the  other 
by  the  left,  the  same  optical  efTert  may  be  produced  as  by  the  object 
itself,  and  tho  appearance  of  solidity  and  projection  may  be  perfectly 
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imitated.     Such  is  the  principle  of  the  instrument  known  na  the  tUrti^ 
scope.     This  is  simply  a  box  or  framework,  holding  two  pLc; 
pictures  of  tlie  same  object,  wbk'b  Lave  been  taken  from  tw«> 
puints  of  view,  corresponding  to  the  difiereut  positions  of  the  two  rjta. 
Tiuis  one  of  the  (uctiires  roijrescnts  tlie  object  as  it  would  in  realilv  bi 
seen  l>y  the  right  eye,  and  the  other  represents  it  as  it   would  be  secB , 
by  the  left.     When  tliese  pitUires  are  so  placed  in  the  etereoecope  tiu|i 
each  eye  has  presented  to  it  the  appropriate  view,  the  two  images,  ocr* 
pying  the  point  of  fixation,  are  fused  u|)on  the  retina,  and  produce  u 
extremely  deceptive  resemblance  to  the  projection  and    solklity  of  tha, 
real  object. 

The  aeuteness  of  perception,  by  which  the  eyes  appreciate  «  aiigfalj 
diHerciice  in  the  two  retinal  images,  is  the  measure  <*f  wb.-vt  miy  bt 
called    their  gtereoscopic   gfnsibilily.     It  has  Ix-en    observed  that  iwo 
coinM,  comjiosed  of  tlilfcrent  metnls,  but  struck  from  the   same  dio.  >ri 
slightly  diifereiit   in  volume,  owing  to  the  unequal   dilatation  of  tbej 
metals  after  receiving  the  impression  of  the  die.    This  difl*erenc«  may 
quite  inappreciable  to  the  eye  in  ordinary  examination,  even  whea ' 
coins  are  placed  in  contact  with  each  other;  but  if  they  be  mnde  to  Uli 
the  place  of  the  two  pictures  in  a  stereoseofie  box  and  viewed  togett 
tite  resulting  image,  instead  of  presenting  a  plane  surface,  appears 
lii]iK'  and  convex. 

The  degree  of  stereoscopic  sensibility  was  testeil  by  Helmboltz  in  \hP 
following   manner:    Three   nietalHc  pins* were  fixed    upright  in  sn 
movable  blocks  of  wood,  placed  side  by  side,  so  that  the  pins  should  I 
about  12  millimetres  distant  from  each  other,  and  nearly  in   the 
vertical  plane.     The  observer  tben,   using  both  e^ea     simultaneout 
examined  the  appearance  of  the  objects  from  a  distance  of  34U  mil 
metres,  the  pins  being  arranged  at  right  angles  across  the  lino  of  vig 
The  immediate  object  of  the  examination  was  to  determine,  from 
stereoscopic  effect,  whether  the  tliree  pins  were  placed  exactly  iu 
same  plane,  or  whether  either  of  them  were  in  advance  of  or  behind 
others.     It  was  found  possible  to  detect  in  this  way  a  deviation  in  posi- 
tion of  one  of  the   pins  equal  to  one-half  its  own  thickness,  that 
0.25  mm. ;  and  the  deviation  was  recognized  with   absolute  certait 
when  it  amounted  to  the  entire  thickness  of  the  pin,  that  is,  0.50  milU- 
metre. 
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General  Laws  of  Visual  Perception. — Beside  the  laws  regelating  tl 
formation  and  combination  of  optical  images,  there  nre  ctrtain  phend 
mena  connected  with  visual  perceptions  in  general,  which  ar«  of  cofr 
siderable  importance  in  the  physiology  of  sight.  Some  of  these  pb^^ 
noraeua  require  for  their  atucly  sf^ecint  modes  of  investigation,  «hi^| 
others  are  made  evident  hy  comparatively  simple  means,  and  are  ottn^ 
of  consequence  in  tlieir  hygienic  relations. 

LiimiTious  impresxiona   upon    the  eye   remain  for   a   certain   tit 
offer  the  cessation  of  the  light.     The  persistence  of  luminous  im| 
sions  thus  lefb  upon  the  eye  is  very  short,  and  is  not  usually  notk 
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because  these  impressions  are,  under  alt  onlinary  conditions,  immediately 
followe<i  by  others  ii|ii>ti  the  same  part  of  the  retina,  ami  the  new 
seusalioii  pntctieally  oltliteratea  the  oM  uiie.  But,  if  the  iiistantaneotH 
imprcssiou  he  not  ioliowed  by  a  diirerent  one,  or  if  it  be  suttlciently 
tivld  to  be  perceived,  notwithstanding  tlje  presence  of  others,  its  con- 
tinuance may  be  made  evident  to  observation.  Thus,  in  a  dark  room, 
if  a  bright  jjoint,  like  the  heated  end  of  a  wire,  he  carrieti  round  in  a 
circle  with  modei-nte  rapidity,  the  eye  follows  it*  movement,  as  it  presents 
Itself  succesRivcly  in  different  parts  of  the  circle;  the  light  always  a|»- 
pearing  at  one  point  only,  the  rest  of  the  space  n-niaining  dark.  Bnt 
if  the  rapidity  of  the  circular  movement  be  greatly  increased,  the  bright 
point  seems  to  be  drawn  out  more  or  less  into  a  curved  line;  and,  when 
the  rate  of  revolution  has  attained  s  very  high  degree  of  velocity,  it 
becnraea  transformed  into  a  continuous  circle  of  light,  since  the 
impression  made  upon  the  retina,  whm  the  end  of  the  wire  is  at  one 
part  of  the  circle,  lasts  until  it  has  completed  a  revolution  and  again  re- 
turne<l  to  the  same  point.  The  succession  of  sparks  thrown  off  rapidly 
from  a  knife-grinder's  wheel  often  proituce  the  effect,  even  by  daylight, 
of  an  unbroken  stream  of  fire.  A  circular  saw  with  large  teeth,  driven 
by  mjtcliinery  under  a  high  rate  of  speed,  presents  apparently  a  perfectly 
smooth  edge,  the  outline  of  which  ia  formed  by  the  moving  points  of  the 
teeth ;  ami  the  revolving  spokes  of  a  carriage  wheel,  in  rapid  motion, 
become  confused  upon  the  retina  with  each  oiher  and  with  the  interven- 
ing spaces,  and  assume  the  appearance  of  a  nniform  glimmering  disk. 

The  absolute  duration  of  visual  impressions  upon  the  retina  has  been 
the  subject  of  various  researciies,  but  it  is  found  that  its  length  cannot 
be  expressed  by  any  single  numl>er  which  would  be  correct  for  all  cases. 
A  brilliant  light  leaves,  on  the  whole,  an  impression  which  lasts  longer 
than  that  fri>m  a  feeble  one  ;  but,  on  the  other  hand,  its  relative  intensity 
to  tlie  light  of  surrounding  objects  diminishes  more  rapidly,  and  con- 
sequciitly,  when  it  is  in  motion,  a  higher  degree  of  velocity  is  required 
to  produce  the  appearance  of  a  uniformly-  bright  line.  The  ex|>eriments 
employed  to  determine  the  length  of  time^  during  which  a  luminous 
impression  remains  upon  the  eye  without  appreciable  diminution  of 
its  intensity,  have  lieen  usually  those  with  revolving  disks,  the  surface 
of  wliich  is  variegated  in  sectors  of  black  and  white.  The  rate  of  revo- 
lution of  the  disk  Ijeing  known,  as  well  as  the  width  of  the  different  sec- 
tors, when  the  revolving  surface  presentH  to  the  eye  the  appearance  of 
an  absolutely  uniform  gray  tint,  the  time  during  which  the  black  or  white 
impressions  remain  undiminished  in  strength  is  readily  ascertained.  The 
result  obtained,  from  experiments  conducted  in  this  manner,  under 
nio<lerate  illumination,  gives  the  duration  of  perfect  visual  impressions  as 
one  twenty-fourth  of  a  second,  and,  for  the  oscillation  of  a  very  luminous 
point  following  the  vibrations  of  a  tuning  fork,  one-thirtieth  of  a  setiond. 

The  ijersistence  and  apparent  continuity  of  successive  visual  images, 
appearing  at  the  same  spot,  is  illustrated  In  the  optical  contrivance 
kuuwn  as  the  Thaumatrope,  or  magic  wheel.     It  consists  of  an  opaque 
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disk,  witii  a  perforation  at  one  spot  near  ilg  edge,  through  which  uiutbtf 
(Jisk  is  viHiUe,  placetl  imroecHat«ly  behiud  the  first,  «ud  capable  of  tfi 
Yulving  rapidly  whik*  the  first  letuaina  statioaarj-.  Upon  the  sccowlditkj 
is  a  circle  of  picLiirea  ri:![>re!SiM)ling  the  same  figure  in  ditfvrent  iKKitxiiua 
and  whL'ii,  by  its  revoltiti«>ii,  the^e  pictures  are  inu<Ie  tu  pasA  iu  qua-kl 
succession  across  tho  opening  of  the  disli  in  front,  they  present  thf  t^i 
pearaiice  of  a  single  tisjure  iu  ra|>id  tnotion.  The  interval  l»etwccn  thlf 
perception  liy  the  e^e  of  successive  pictures  is  too  short  to  be  o^^i<rrv^l| 
ami  the  same  object  appears  to  take  successively  the  Uidereut  poaitiu 
in  whieli  it  is  represeiitefl. 

Dura/iun  of  a  Lnmitn.jiuH   Impulne  rpquired  for  the    Percrption  eft 
Visual  Imprfi^gionK. — This   point   has  been  investignterl   l>y  Rood' 
means  of  the  light  of  an  electric  spark  obtained  from  an  induction  i<i 
connected  by  its  terminal  wires  with  the  inner  and   outer  surfaces  of , 
Leyden  jar.     On  breaking  the  primary  cui'i'iint  a  ^liscUarge  takes  |;)la 
between  the  electrodes,  which  is  of  exceedinglj'  short  duration. 
duration  was  measured  by  Prof.  Rood  witit  the  aid  of  a  mirror  revolt 
ing  ui)on  its  transverse  axis,  by  wliich  tfie  light  of  the  electric  n^ni 
was  thruwu  upon  a  [ihtte  of  iilnss,  where  it  could  he  examined  by  ill 
naked  eye,  or  with  a  inngnityiag  eye-piece,  as  in  Fig.  208. 

The  light  emanating  from  the  impark  S,  was  received  by  an  acbromnti 
lens  L,  of  nine  inches  focal  lerigtii.  It  then  fell  upon  a  {dune  mirr 
revolving  with  a  uniform  velocity  of  340  times  per  second,  and,  af 
reflection  by  the  mirror,  was  brunght  to  a  fucns  upon  a  glass  plate ' 
where  it  could  be  examined  by  the  telescope  e3e-piece  E,  mngnifyil 

ten   diameters.      From     the    knoi( 
rale  of  revolution  of  the  mirror, 
its  distance  fronj   the  gl^ss  plate ' 
the  necessary  rate  of  movement 
reflected  beam    upon    tlie  plate 
dcterminefl.     If   the    spark,  U9e«l 
these      experiments,       lasted      k 
enough    fur   its    reflected    image  to 
move  over  H»   approcia.bIe  diktat 
this  image  would   appear  to  the  ej 
to  Iw  drawn  out  in   th«   direction 
the  movement,  owing  to  the  persl 
eiTce  of  its  visual  iiupreasion  as 
scribed  above.     But  with  the  tnii 
revolving  at  this  s{>eed  no  such  i% 
formation  was  perceptible,  the  spai 
image    appearing    of    precisely 
same   form   as  if  the    mirri»r  w* 
stationary;  showing  that  the  dur.iti«m  of  tlie  light  could  not  be  great 
than  .0U0002  («»'«#)  *jf  a  second. 
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In  a  contina&tion  of  the  experiments,  there  was  interposed  Iwtween 

[llie  spark  and  the  mirror  ft  blnckened  glass  plate,  ruleil  with  parnlii'l 

kiaTi>ipareiU  lines  5'^  of  a  millimetre  in  width,  and  separated  from  each 

jtlicT  by  the  same  distance.     The  iraa^e  uf  this  ])latu,  when  illtjmimiteil 

the  ftpark,  would  »p[R>ar  upon  the  glass  (t,  so  l<»ng  as  the  mirror 

ei*e  stationar}',  as  a  series  of  e(|ual  sdternatiiig  black  and  white  lines. 

'ith  the  mirror  in  motion,  if  the  ilkuniuation  lasteil  long  enough  for 
the  ininge  to  t»e  shifted  a  distaiiee  equal  to  the  combined  width  of  a 
liliifk  iirul  white  liiii",  these  lines  woiihl  become  undistinguishable  IVom 
each  other,  as  in  the  c:ise  of  the  revolving  disk  with  Mnck  and  white 
seetors.  Thus  the  coniinuance  of  the  visible  lines,  under  a  given  rate 
of  motion,  prove*)  that  the  duration  of  the  electric  spark  was  less  than 
a  certain  eaktilable  peritMl.  Their  di.xapjx-arance  as  distinct  objects 
indicated  ihiit  the  limits  of  this  duration  bad  been  reached  ;  and  that 
it  was  long  enough  to  allow  «»f  the  shifting  of  two  adjacent  lines.  The 
result  showed  that  the  duration  of  llie  shortest  measurable  spark  was 
but  little  over  .0<MI'0(!1J04  (:,»ii„.)  of  a  second. 

With  a  spark  of  this  duration,  distinct  vision  of  motionless  objects 
was  perfectly  possibk'.  The  letters  on  a  printe«l  page  were  plainly  to  l»c 
seen,  and  even  (he  jthenomena  of  [Ktlarizntion  of  light  distinctly  observ- 
able. It  is  aeeordin<;ly  sutlieient  to  produce  a  complete  retinal  impres- 
sion. 

Tliese  experiments  do  not  indicate  the  time  required  for  the  necessary 
nervous  acticm  in  the  percejitiou  of  liufht.  They  only  show  that  a  lumi- 
nous inipulne  having  the  alxvve  duration  is  suUk-ient  to  cause  a  distinct 
sensation.  Itut  the  time  wliich  is  requisite  for  the  sensation  to  be  per- 
ceived is  very  much  longer.  From  the  results  given  in  a  preceding 
chapter  (p.  4;il)  it  a])f)ears  that  the  transmission  of  a  luminous  impres- 
sion throUi;h  the  optic  nerve,  would  undoubtedly  requiix?  at  least  jo'njf 
of  a  second,  and  its  perception  in  the  brain  con8i4lerably  more.  It  fol- 
lows from  this  that,  at  the  instant  when  the  image  of  the  electric  spark 
is  seen,  in  the  exj)eriment  of  Trof.  Rood,  it  lins,  in  fact,  already  disa]> 
peare«l;  tlie  interval  whi<'h  ehipses  between  its  actual  occurrence  and  its 
perception  by  the  observer  being  very  much  greater  than  the  duration 
of  the  spark  itself. 

The  facts  detailed  alwve  explain  the  oause  of  a  peculiar  optical  effect, 
whicli  has  often  been  ob'^erved  under  the  use  of  the  electric  spark  ; 
namely,  that  bodies  in  rapiil  motion,  if  ilhuninated  by  an  instantaneous 
di^tcharge,  appear  to  the  obsen-er  as  if  at  rest.  A  disk,  painte<l  with 
black  an<l  white  sectors,  if  set  in  revolution  under  continuous  light. 
ap[K'ars  of  a  uniform  gray;  or,  if  the  sectors  be  painted  of  the  rainbow 
colors,  their  tints  are  mingled  and  the  disk  apj>ears  white.  Hut  if  such 
a  disk,  revolving  in  a  dark  room,  be  illuminated  by  the  electric  spark, 
it  liecomes  visible  for  on  instant,  with  its  different  sectors  as  distinct 
from  each  otiier  as  if  they  were  at  rest.  .\  jet  of  water  discharged  from 
an  orifice  at  the  bottoni  of  a  vessel,  though  transparent  in  the  imme- 
diate neighborhood  of  the  orifice^  is  turbid  lower  down;  and  by  iastan- 
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taneous   illumination   the  turbid   purtion  is  seen   to   be  coropowd 
SL'|mrAt«  drops,  which  appear  tu  bu  mutiutiluss.     A  flash  of  ligktntngl 
a  siiniiur  t-tfi'Ct  iu  t-xliibitiiig  objects  whicii  are  in  motion  as  if  tlifj  wert 
quiescent.     The  passage  of  a  cannon  ball  or  a  riHe   bullet  by  il-.' 
is  imperceptible;  bwjause,  as  an  opaque  object,  it  does  not  reuitin. 
enough  at  any  one  point  to  efface  the  persistent  impression  uf  theobjecu 
visible  behinil  it.  and  the  sight  uf  these  objects  accordingl}*  du.  ~ 
appear  to  have  suffered  any  iutcrruptiuu.     But  if  such  a  mi»Hile  ~ 
liappen  to  be  passing  in  front  of  the  observer  in  the  niglit  time  ■ 
a  thunder  storm,  at  the  moment  of  a  flash,  it  would  be  visible  t*,.. 
with  the  otlier  parts  of  tlie  landscaiie,  and  would  appear  as  a  inotiyulfl 
obji'ct  suspended  in  the  aic 

The  momentary  closure  of  the  eyes  in  winking,  for  the  same 
does  not  cause  any  noticeable  interference  with  eight,  and.  is  not  evca 
olmerved  by  the  intlividual;   since  the  visual   impresaiun    of  e\' 
oliji'cts  appears  to  Iw  continuous  during  the  short  iuterv:d  occuji 
the  movement  of  the  lids. 

The  local  ise.ngibiliti/  of  (he  retina  in  diminished  by  continued  virual 
imprenaionx.  This  diminution  of  the  retinal  sensibility  apiirarstube 
continuous  from  the  very  commi-neement  of  a  visual  impression,  so  tiiiU 
it  m.iy  Ix"  made  perceptible  within  a  few  see^onda.  In  the  experimenlt^ 
exhibiting  the  image  of  the  retinal  bloodvessels  by  cban£ring  the  pusi- 
tion  of  their  shadows  (page  622)  tljese  shadows  are  visible  for  an  insUBl 
with  extreme  stiarpiiesg.  But  they  begin  to  fade  almost  at  once  tnd 
after  a  short  interval  become  imperceptible.  They  can  only  be  seen  for 
a  considerable  time,  l>v  keeijiog  the  light  in  motion,  so  that  the  shsiluwf 
fall  alternately  upon  lUtferent  parts  of  the  retina.  The  portions  of  the 
retina  which  are  in  full  illurainatinn  have  their  sensibilitv  so  rapidl)' 
diminislied,  that  the  shadow,  if  motionless,  is  no  longer  visible  by  ron- 
trast.  Those  whicli  are  in  shadow,  on  the  other  hand,  beconae  coin{iar»> 
tivfly  more  sensitive  by  repose;  and  when  the  shiftini^  of  th'  ' 
brings  them  again  into  illumination,  iticy  not  only  receive  more  s- 
than  the  adjacent  parts,  but  are  also  more  impressible  to  its  inflneDct', 

If  one  eye  be  covered  by  a  dark  glass,  and  the  other  be  used  er- 
clusively,  for  an  hour  or  two«,  in  reading  or  writing,  at  the  end  of  tliat 
time  the  difference  in  retinal  sensibility  of  the  two  eyes  will  l>e  wrr 
apparent.  A  single  faintly  luminous  object  in  a  dark  riK>m  may  lh«« 
be  almost  imperceptible  to  the  eye  which  has  been  in  use,  white  it  «ill 
appear  to  the  other  quite  brilliant.  If  the  application  of  the  eve  h%n 
not  been  carried  beyond  the  bounds  of  moderation,  this  liifferenoe  14 
transitory ;  an<l  by  reversing  the  conditions,  that  is,  covering?  the  ctp 
previously  in  use,  and  reading  or  writing  by  aid  of  the  other,  that  which 
was  before  the  most  sensitive  to  light  becomes  less  so,  arid  that  which 
was  previously  fatigued  recovers  its  sensibility'. 

T lie  alternate  diminution  and  rwovery  of  the  retinal  sensibility.  I 
excitement  and  repose,  is  directly  connected  with  the  phonornrna  of 
negatioe  imageg.     If  the  eye  be  steadily  flxed  for  a  short  time  nin 


8IW8E    OF    BIGHT. 


641 


[nirbite  spot  in  the  middle  of  a  black  ground,  and  then  suddenly  directed 

liownrd  a  blank  wall  of  a  uniform  white  or  light  gra}'  color,  a  dark  spot 

|'*ill  opi>ear  at  it*  centre,  of  the  aume  apparent  size  and  figure  with  tlie 

rhite  one  previouslj  observetL     This  is  the  ''  negative  image'"  of  the 

■•liiial  impressiuu.     That  part  of  the  retina  which  was  first  iinproissed 

[by  the  rays  from  the  white  spot  becomes  less  sensitive  to  light ;  and 

mother  white  surface,  lookeii  at  immediately  aflerwarvl,  appears  darker 

ian  usual     On  the  other  hand,  tliose  parts  which  were  exposed  only 

the  dark  ground,  that  is,  tu  the  cuuiparative  absence  of  light,  are 

lore  sonsiti%*e  than  hefure;  and  the  surface  of  the  white  wall,  outside 

le  central  ft|K>t,  ap{)ears  brighter  than  usual,     it  is  not  necessary  that 

le  contrast  in  hue  between  the  dilferent  parts  of  a  retinal  image  should 

[be  as  strong  as  that  of  black  and  white,  in  uriler  t»»  prtHluce  this  effect. 

riiny  decideil  difference  in  tlluiniuation  will  be  sufficient,     It  is  not  even 

essential  to  look  at  a/lifferent  background,  to  observe  the  appearance 

in  question.     If  a  piece  of  furniture  of  dark  wood  be  placed  against  a 

blank  wall  of  wiiite  or  gray  surface,  and  looke«l  at  8toa«lUy  for  a  short 

tiuif,  on  shifting  tlie  eyes  to  a  different  pari  of  the  same  wall,  the  figure 

of  the  chair  or  table  will  ap|>ear,  with  all  its  details  uf  outline,  expressed 

in  a  lighter  tint  than  that  of  the  surrounding  parts. 

The  above  effect  ma}'  be  nllso  produce<l  in  a  still  more  simple  man- 
ner. Let  a  black  ruler,  about  one  inch  wide,  be  biid  upon  a  sheet  of 
white  paper,  and  looker!  at  steadily  for  thirty  or  forty  seconds.  If  the 
ruler  l»e  now  removeil  by  a  sudden  motion,  the  eye  remaining  fixed,  its 
image  will  appear  as  a  bright  band  upon  the  paper,  fading  gradually  us 
the  Hensibitttj''  of  the  retina  becomes  e(|nalize<l  in  its  different  parts. 

If  the  figure  which  is  thus  examined  be  a  coIore<l  one,  its  negative 
image,  subsequently  produced,  will  present  a  complementary  hue  to  that 
of  the  original  object.  A  strip  of  red  paix-r  ptace«I  uj>on  the  white 
aheet,  and  then  su^idenly  removed,  lea\'es  a  negative  image  wiiich  is 
bluish-green;  and  a  green  one  leaves  an  image  which  has  a  decided 
tinge  of  red.  This  shows  that  the  sensibility  of  the  retina  may  be  in- 
creased or  diminished  separately  for  the  different  colored  rays  of  the 
luminous  beam.  While  looking  at  a  red  object,  the  retina  becomes  less 
sensitive  to  the  red  rays,  but  more  so  for  those  at  the  o|>po8ite  end  of 
the  spectrum,  and  vice  versd ;  so  that,  on  looking  subsequently  at  a 
white  object,  the  negative  image  exhibits  a  tint  corresfKinding  to  the 
rays  fur  which  the  retina  has  remained  most  sensitive.  That  this  is  the 
mechanism  of  the  production  of  complementary  colors  in  negative 
imnges  becomes  evident  on  simjilifying  the  experiment.  If  the  black 
ruler  be  laid  ujwn  a  book  bound  in  blue  cloth,  on  taking  it  awa}'  the 
band  which  remains  in  its  place  is  of  a  more  intense  bine  than  the  rest. 
If  a  red  book  be  used  for  the  same  purpose,  the  negative  image  of  the 
ruler  presents  a  remarkably  pure  red  color,  while  the  remainder  of  the 
surface  ap|)ears  of  a  dull  brown. 

The  variable  sensibility  of  the  retina,  acoonling  to  its  exposure, 
affords  an  explanation  of  the  well-known  fact,  that  under  some  oondi- 
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tions  an  object  may  he  inoRt  easily  perceived  by  indirect  rision.  It 
often  happeus  that  in  searcliiug  for  a  star  of  very  small  maguitude 
feeble  liglit,  it  may  be  momentarily  perceived  by  luukiug  not  direct 
at  it^  but  ut  n  point  in  its  immeiliiite  ueigliborbood,  at  a.  small  atiguli 
distniice  from  its  real  positinn.  The  star  is  not  seen  distinctly  umli 
these  circiiintitances,  IvecaiiHe  it  is  out  of  the  line  of  direct  visiou.  Bnt 
its  light  falls  upon  a  part  of  the  i-etina  near  Ibe  fovea  centralis,  tlie  sen- 
sibility  of  wliicli  is  more  acute  ihau  usual,  owing  tu  its  coiitiQUMl 
exposure  only  to  the  dark  sky  ;  while  the  fovea  itself,  which  haft  l««n 
receiving:  in  succession  tlie  images  of  particular  stur!»,  is  comparatively 
deficient  in  impressibility  to  light.  When  the  visunl  axis  is  tnmal 
directly  upon  the  fainter  star,  for  the  purpose  of  getting  a  disliurt 
im:ige,  its  liglit  diMappeai'!^;  ami  thu^  it  can  only  be  beeu  as  an  evas*;*- 
cent  o>>ject  by  indirect  vision. 

If  the  eye  Ik;  fixeil  immovably  for  too  long  a  time   upon  the  saae 
luminous  object,  the  local  diminution  of  retinal  sensibility  way  amouut 
tofatijrue;  ami  a  |K»rsi9tence  in  ita  continuous  a]>plicatton  luay  produce 
permanent  injury  of  the  visual    organ.      After   steadily    examining  b 
single  oliject  for  even  n  short  time,  it  becomes  difficult  to    resist  tlie 
tendency  to  turn  the  siglit  in  anotlier  direction  by  the  automatic  tuoxa- 
ment  of  the  muscles  of  the  eyeball.     2s"aturally,  the  eye  never  rest*  fur 
mc^rt•  than  a  few  seconds  u]ioii  any  one  point  in  the  field  of  view ;  bnt 
is  directed  in  succession  at  diircrent  objects,  fixing  each  one  in  turn  »l 
the  [Mtint  of  distinct  vision,  and  immedialoly  passing  to  another  man 
or  less  remote.     Thus  the  fatigue  of  the  retina  is  avoided,  since  those 
parts  whicli  at  one  instant  have   a  stnmj^er  illumination,  nt  tho  nrit 
receive  the  impression  of  a  shadow  ;  and  no  portion  of  the  rnemVir&De 
is  exiiosed  sutHciently  lung  to  any  single  object  to  become  insensible  to 
its  grade  of  li^jht  or  color. 

There  is  also  reason  to  believe  that  the  eye  requires,  for  its  safetr, 
the  periodical  suspension  of  all  visual  impressions  which  ia  obtainable 
in  ifhvp.  It  is  not  essentiatly  different  in  this  respect  from  other  pArt« 
of  the  nervous  apparatus  of  animal  life;  but  the  delicacy  of  it.s  sensi- 
bility, which  is  requisite  for  the  due  peifnnnancc  of  its  function,  and  the 
comjilication  of  its  structure,  which  includes  80  many  parts  adjusted  to 
each  other  with  mathemnticnl  accuracy,  indicate  that  it  is  one  of  the 
organs  most  liable  to  denuigemeut  if  deprived  of  its  natural  inlcrril 
of  restoration  and  repose. 

Sense  of  Hearing. 
By  the  sense  of  bearing  we  receive  tiie  impressions  of  sound,  and 
appreciate  their  intensity,  their  tone  or  pitch,  with  all  the  variations 
of  higher  or  lower  notes,  as  well  as  their  quality,  that  is,  the  diOctvnt 
character  of  sounds  of  the  same  tone  and  intensity,  but  produced  b? 
different  methods,  as  by  reeds,  strings,  or  wind  instrumonts.  or  by  the 
concussion  of  solid  bodies.  Our  irlea  of  limf,  or  the  succession  of 
events,  seems  also  to  be  connected  more  especially  with  auditory  sensa 
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tiohA.  The  impressions  receiveti  in  thia  way  depend  upon  the  vibrations 
excited  in  the  almoaiihere  by  aonoruus  bodies,  which  are  themsL-Ives 
thrown  iiiL<j  vibration  by  variou:*  t;:ius*8,  aiul  which  tlien  communi- 
cate similar  uiululations  to  lUu  surrounding  air.  These  midulationA 
are  of  such  a  kind  lliat  thi-y  ciinnoL  bo  directly  apprecialLnl  by  tiie 
organs  of  getierul  scii&ibility ;  Imt  wJien  comtnuniciited  to  the  Jiuditoiy 
apparatus  they  produce,  through  it,  the  sensation  of  sound. 

Organ  of  Hearing. — The  organ  of  hearing  cotiBist  of,  first,  the  ex- 
Irrnal  ear,  a  conch  or  trom|K't-shj4H.M)  expansion,  ilestined  to  collect  the 
sonorous  iiuimlsca  coming  from  various  quarters,  and  to  conduct  them 
into  lis  tubular  contintcition,  the  extet'ti»l  auditory  meatus;  secondly, 
a  membranous  sheet  or  d nun-head,  the  memhrann  tymftaiii,  strelched 
neroHs  ihe  botlonx  of  the  ext<'riial  nutiitory  meatus,  by  whicli  the  sono- 
rous vibrations  are  received  and  transmitted,  through  tlie  chain  of  bones 
or  auditory  ossicles,  across  the  cavity  of  the  tympsuium  or  middle  ear, 
to  the  third  imrtiun  of  the  auditory  appanittis,  niiraely,  the  labtjrinth.^ 
or  internal  ear;  a  cavity  cxeavati-d  in  the  petrous  portion  of  the  tem- 
poral bone,  filled  with  duid,  and  containing  various  membranous  sacs 
and  canals,  upon  which  are  distributed  the  filataents  of  the  auditory 
nerve. 

Thus  the  delicate  terminal  expansions  of  the  auditory  nerve,  deeply 
concealed  in  their  boiiy  cavities,  and  sustained  by  the  surrounding  fluicl, 
arc  protected  from  nil  other  mechanical  impressions,  but  are  so  placed 
as  to  receive  tlic  impulse  of  sonorous  vibrations. 

External  Ear. — The  external  ear  cfmsiats  of  a  cartilap^inons  frame- 
work, covere<l  with  integument,  loosely  attache<l  to  the  bones  of  the 
head,  and  more  or  Jess  movable  V»y  means  of  various  muscles,  which, 
by  their  contractions,  tend  to  turn  its  concivit}*  In  various  directions. 
In  man,  notwithstanding  tlie  existence  of  the»e  muscles,  their  functional 
activity  is  nearly  imperceptible ;  an<l  it  is  only  in  exceptional  cases  that 
they  are  capable  of  pnxlucing  a  partial  sliding  or  rotatory  movement  of 
the  external  ear.  In  most  of  the  quadruix-ds,  on  the  other  hand,  these 
movenienta.  are  vigorous  and  extensive,  and  play  an  important  part,  not 
only  in  the  changes  of  expression  by  varj-ing  the  attitude  of  the  ex- 
ternal ear,  but  also  In  aid  of  the  sense  of  hearing,  by  enabling  the 
animal  to  catch  distinctly  the  sonorous  vibrations,  from  whatever  quarter 
tliey  may  come,  IJy  their  assistance  the  direction  of  a  sound  is  also 
nppreiiated,  since  the  animal  ascertains,  in  placing  the  oar  in  rlitfurent 
positions,  the  region  from  which  it  is  received  with  the  greatest  distinot- 
ness. 

Membrana  Tijmpani  and  the  Chain  of  Bones. — The  membrana  tym- 
pani  is  a  fibrous  sheet  of  circular  form,  composed  of  n  principal  layer 
not  more  than  0.05  millimetre  in  thickness,  but  quite  strong,  and  con- 
sisting of  circular  and  radiating  tendinous  fibres  with  a  trace  of  inter- 
mingled elastic  fibres.  Its  external  and  internal  surfaces  respectiTely 
are  covered  by  thin  continuations  of  the  int4*gument  of  the  external 
auditory  meatus  on  the  one  hand,  and  of  the  mucous  membrane  of  the 
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tympnnic  cavity  on  tho  other;  nml  nil  tlirce  layers  together  formntnem- 
brane  nhich  is  about  0.10  niilHiiK>tre  tliiuk. 

In  its  natural  couHition  the  nieml)nne  is  drawn  inward,  by  ils  stUcfa 
tnent  to  tbe  biuidle  af  tlie  malleus,  in  such  ji  wfi3*  tlint  its  external  mir- 
face  cxhitiils  a  fiitUR4-sha[i(.il  ()i-{jrcsHioii,  the  <lee]K*Ht  point  or  Itolloa 
of  which  coiTes|jontl8  lo  the  situation  of  the  end  ^tf  tbc  bandk  of  U« 
malleus.  According  to  the  observations  of  llvlmholtz,'  the  flide.t  of  tins 
fuunel-sbaped  di-pression  are  not  plane  but  convex,  Kuoauwhitt  like  lb*; 
inner  surface  of  the  likmsoni  of  a  uiorniug-glory.  It  is  only  al^ng  » 
single  line,  correspoiidin^r  to  the  uttaehmenl  of  the  banille  uf  tbe  nniiku&. 
that  the  meridian  of  the  funnel  wo«<ld  be  a  nearly  strnigbi  line;  else- 
where the  ntdial  fibrt-a  of  the  uwnibnma  tympnui  are  curved,  with  llwir 
Convi-xities  looking  lowanl  the  external  auditory  meatus. 

As  the  onl^'  attacliment  of  the  nioiubraiia  tyinpani,  except  at  its  cir- 
cular border  wIutc  it  adheres  to  the  bony  walla  t^f  tlio  meatus,  is  to 
the  movable  handle  of  the  malleds,  any  raovement  of  tlic  bandle  «>f  the 
malleus  inwani  will  draw  the  ineiubmna  tympani  in  tho  same  direction, 
deepen  the  funntd-sliajx-d  depression  at  its  centre,  and  put  its  fibre* 
more  npon  tbe  stretch.  On  the  other  b.<ind,  a  moveiuent  of  tbe  meoi- 
brana  tj'mpnni  outwanl  will  draw  the  handle  of  the  malleus  outwarl, 
and,  finally,  if  the  malleus  he  held  in  a  position  of  (Mjuilibriuin,  by  It* 
clastic  and  musenbir  attaehmeuts  internally  to  the  meml>rana  tympan*. 
any  movement  of  this  meiuliranu,  either  outward  or  tnwrtrd,  will  l* 
followed  by  a  correapondini;  chan;4e  of  position  in  the  malleus  itself. 

This  is  the  pliysiiflogicnl  action  of  tbe  luembrana  tvnip:>ni.  From  iw 
thinness  an*l  tension  nnd  from  its  jiosiliou  at  the  bottom  of  the  cxtcnul 
auditory  meatus,  it  enters  into  vibration,  under  the  impulse  of  ttonnt 
coming  from  tliL-  exterior,  and  comutnniciitcs  similar  movements  to  Mm. 
hanille  of  tbe  nnilk'us  attached  lo  its  internrd  surface. 

The  chnin  of  bourn  consists  of  three  ossicles,  articiilaled  with  e»A 
other  by  their  eorres[>onding  extremities,  and  forming  a  zio^xat;  Hm 
of  jointed  lovei-s,  extending  from  witUout  io- 
ward,  nerofis  the  cjivity  of  the  tvmpafiom. 
They  arc  known  respectively,  from  the  reseot- 
blanoes  of  their  configuration,  as  the  *•  malleus,^ 
'' incus,"  and  '*sta|»cs,"  or  tlic  hammer,  tbe 
anvil,  and  the  stirrup.  The  rnollr-us  is  alu^at 
nine  millimetres  in  leni:th,  of  which  a  little 
more  than  one-thinl  is  occupied  l»y  the  roaiMlcd 
head  and  the  neek,  and  a  little  less  than  t«r«>. 
thirds  by  the  comparatively  straight  and  tapering  hnndle.  The  verr 
slender  long  prcx-'ess  proje<-t3  laterally  in  a  nearly  horizontal  directiflM 
from  behind  forward  in  the  nntnr;d  position  of  the  bone.  The  haiKll* 
is  the  only  part  of  the  malleus  w^iieh  is  adherent  to   the    n^embnilia 
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tympani,  the  nock  corresponding  to  the  upper  l)onJer  of  thig  membrane, 
wlitlu  tbo  \ivt^d  [irojecU  above  it,  lying  cotnparuttvoly  free  in  the  cavity 
of  the  t_vra|iamim.  It  is,  however,  maintaiiH'<i  more  or  loss  closely  in 
its  (^>08ition  by  thin  lijjjnmontous  batulii  arising  from  the  l)ony  wall  of  tbe 
lyuiiKuiic  cavity  ami  inserted  into  its  head  and  neck,  and  by  the  tendon 
of  the  internal  mnsde  of  the  mAlIeuis  or  "  tensor  tympani,"  wbicii,  com- 
ing from  a  direction  anterior  ami  internal  to  tiie  bone,  is  innerted  into 
Uie  ni)per  exti-emity  of  its  handle.  The  action  of  this  muscle  is  to 
draw  the  handle  of  the  miilleus  inward,  tightening  the  nierabrana  tym- 
pani, and  rotating  the  head  of  tbe  mallciiB  slighily  outward.  The  prin- 
cipal moi'ement  of  the  ninllens  ia  therefore  a  r«.»ckiu;j;,  to  and  fro  move- 
ment, about  a  nearly  horizontal  axis  situateti  at  the  junction  of  the 
handle  and  the  neck. 

The  head  of  tlie  mallens  is  articuLatcd  with  tbe  body  of  the  incus  by 
acnpsnlar  joint  witti  don l>Ie-inclined  surfaces.  As  Helmholtz  has  shown, 
the  Burfaces  are  so  different  in  ibeir  inclination,  one  being  very  steep, 
the  other  but  slightly  oblique,  that  when  the  handle  of  the  malleus  ia 
drawn  inwanl,  the  two  articular  surfaces  lock  together,  and  the  incus 
follows  tbe  movoraent  of  the  malleus  ;  but  when  the  latter  bone  is 
drawn  outward,  the  surfaces  may  glide  upon  each  other,  without  the 
incus  necessarily  moving  at  the  same  time. 

The  thirti  bone  of  the  middle  ear,  the  ataj^s,  has  in  its  form  the  most 
exact  reHcrablanee  to  its  namesake,  an  ordinary  metallic  stirrup.  It  is 
arliculate<l  by  its  an{|nlar  extremity  to  the  lower  end  uf  the  long  arm 
of  the  incus  in  such  a  nianner  ad  to  be  nearly  Uorizoulal  in  position,  its 
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Rionr  TKmmRAL  Uu.nk  of  the  iums -born  iiiiitut,  ■ei-ii  from  it*  inner  ulitr;  fhowinf 
the  IntrrnnI  nurface  of  the  membrttna  tympnnl  and  the  chain  of  bone*  in  their  natural  poal- 
tion.    <Raillnir''r.) 

two  arms  being  placed,  one  anteriorly  the  other  posteriorly.  Its  oval 
base  corresponds  in  form,  and  nearly  in  size,  with  the  fenestra  ovalis 
of  the  bony  labyrinth,  in  whieJj  It  is  inserted;  being  a<lherent  by  its 
surface  and  its  e<lges  to  the  internal  periosteum  of  tbe  labyrinth. 
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Tiie  stapes  accorfliiigly  forms  a  kind  of  movable  lid  or  plsU>b<hi9'. 
occ'upyiug  the  uritice  ul'  tlie  iVuestia  ovnliti,  aiul  capable  of  traimaittuift 
directly  to  the  Quid  iif  the  InUyriath  the  irapulscji   receiveU  tmrn  Um. 
toembrana  tympaiii.     The  extent  of  inward  and  outward  tnuvem«Dt( 
thu  base  or  footpicce  of  the  stapes  has  Itcen  delcrmiueil   by  Uelmbtil 
in  the  fullowiiijti  inumu'r.     Thf  cavity  of  the  tympauum  ami  that  of  \V 
vestibule  havitiv;  lioih  been  openejl  from  above,  tlie  point  "jf  a  line  - 
neeille  was  inserted  into  the  tibrous  covering  of  the  base  of  the  - 
fruiu  the  side  of  the  vestibule,  and  the  ne«Hile  allowed  to  rest,  n*.;.- 
point  (tf  its  insertion,  upon  !in  juljacent  wlge  of  boue.      It  thi)- 
kiml  of  inilex-Iever,  which  would  indicate  by  the  displaueni*  i 
long  nrui,  very  slight  movements  of  tlie  sta|jes.     The   Btapea  waa  Uirn 
pressed  inward  and  outward,  as  freely  as  its  attachments  wonid  r."  - 
either  by  means  of  a  needle  ap|)liec1  to  the  bone  itself,  oi*  by  alter:. 
Cundeti.sing  and  rarefying  the  air  in  the  external  auclitory  ni«stu«;  Uic 
force,  in  the  latter  case,  Ix'ing  tmnsmitted  through  the  meiubraua  tjiP> 
paid  and  chain  of  Ixinea.    The  same  observer  estimated  these  moremctit* 
according  to  another  plan,  by  opening  the  sup<'riur  semicircular  cannl 
of  the  labyrinth,  jiml  iusviu'iing  inti*  it  a  slender  glans  tul>e  of  koowii 
calibre,  a  portion  of  which,  as  well  as  the  cavity  of  the  vestibule,  Ha* 
filled  with  water.     Any  inward  pressure  upon  the  stapes  would  ucoont 
ingly  be  indicated  by  a  corresponding  rise  of  the  level  of  water  in  lite 
tube.    The  inovtMiieiit  of  the  stapes,  in  these  experiments,  varied,  aceonl- 
ing  to  circuinstjuices,  from  .025  to  .073  milliraetre. 

The  change  of  positi(nt  uf  the  stapes  in  the  fenestra  ovnli.<i,  due  to  the 
impulses  received  through  the  chain  of  bones,  is  not  a  simple  slidin* 
movement  of  advance  and  recessicMi,  but  a  rocking  motion,  in  which  it« 
up|>er  border  is  tilted  over  toward  the  cavity  of  the  vestibule  and  l>ai-k 
agaiu,  and  itn  anterior  end  moves  more  freely  than  its  posterior.  Thi* 
feature  of  the  action  of  the  stapes,  which  h.ia  been  described  by  several 
observers,  is  sliown  by  llelraholtz  to  depend  upon  the  varying  couipaL-t- 
ness  of  its  fibrous  attachments;  these  attachments  l>eing  closer  aJon^j 
its  inferior  border  and  at  its  posterior  end,  thus  allowing  more  freeduoi 
of  movement  above  ami  in  front  than  below  and  behind. 

The  position  of  tlie  stapes  is  also  regulate*!  by  the  action  of  Xhf 
Kfa/M'dinn  nuisele.  This  muscle,  the  smallest  in  the  bofly,  arises  from  a 
bony  canal  behind  the  cavity  of  ihe  tympanum;  and  its  Blender  tendon, 
after  entering  tliis  cavity,  passes  almost  directly  forward  and  is  inserted 
into  the  posterior  aide  of  the  neck  of  the  8t:ipes,  near  its  nrticuiati 
with  the  incus.  Its  contraction  will,  therefore,  draw  the  angle  of 
BtA|»es  backward  an<l  its  anterior  extremity  outward  from  tiie  fcnf 
ovalis. 

Phyifiologiral  Action  of  the  Chain  of  Bonen  and  the  MiiMolen  of 
Middle.  Ear. — The  cavity  of  the  tyuil'^""'"  '*  *"  irregularly  shat 
space,  inside  the  membrana  tyiu[)aui,  fille<l  with  air,  across   which 
vibrations  received  by  the  mem!>rane  from  without  are  transmitted 
the  chain  of  bones.     In  their  natural  position  and  with  their  uati 
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tendinous  connections  unflistiirlxMl,  these  bones  are  Lold  In  such  close 
lunnection  with  each  otiier  that  Ihcy  vihmte  as  a  single  solid  body. 

The  vibratory  inovomont  of  llie  o<isiules  of  the  cur  has  no  immediftt^ 
«lc|)endenee  ujioii  the  action  of  the  muscles  attache<l  to  them,  Imt  results 
from  the  shocks  received  by  lire  tympanic  membnide.  The  influence  of 
the  njuselua  is  to  iucreasi;  or  diminish  tlii'  ten.Hum  of  this  membrane, 
and  thus  to  influfnee  the  inmle  of  IranHniiHsJon  of  tlie  sound. 

Tiie  action  of  tht*  iutfrnnl  muscle  of  the  malleus,  or  ten>ior  tympani^ 
is  beyond  doubt,  us  its  name  indicates,  to  increase  the  tension  of  the 
membrana  tympani.  It  has  long  beun  known  that,  on  opening  the  eanai 
ill  which  this  muscle  is  lodged,  jisj  well  as  the  cavity  of  the  tyniiiantito,  by) 
drnwiujr  upon  its  tendon  witldn  the  canal,  the  nieinbrana  tyrn|>ani  tnaj 
be  miHiifestly  ivuderefl  more  tense;  ami  acconling  to  llelmholtz,  all  the 
liiramentH  hohliiig  the  ossicles  in  place  are  at  the  same  time  put  upon 
ihe  strctfh. 

The  ftfect  profbicod  upon  the  act of  bearing  by  increased  tension  of  the 
merabrtma  tympani  has  been  tutorpreted  in  a  different  sense  by  ditferent 
observers.  Savart,'  who  first  studietl  systematically  the  vibrations 
Induced  in  strt'trhed  membranes  by  the  proximity  of  sounding  l>odies, 
I'sti mated  the  extent  of  these  vibrations  by  the  ngitatiou  of  particles  of 
fine  saml  spiiikled  on  the  surface  of  the  nuMubranes;  and  he  found  llie 
vibrations  mni-e  dillieult  of  production,  other  things  Iwing  equal,  when 
the  tension  of  the  membrane  was  increased.  He  applied  the  same  mode 
of  experimentation:  to  the  merabrana  tympani  in  the  ear  of  man  and 
Muiniats,  an<i  found  not  only  that  Hand,  sprinkleil  on  its  surface,  would 
be  thrown  into  agitation  by  holding  near  it  a  soimding  body,  but  that 
also,  as  in  the  former  case,  these  appearances  were  less  easy  of  proiluc- 
tion  when  the  meml»rane  whs  rendered  mure  tense  by  traction  upon  the 
tensor  tymp:mj  muscle.  lie  concluded  tVura  that,  that  <luring  life  the 
ear  is  more  8U3ce|)tible  to  sounds  of  a  given  intensity  when  the  mem- 
brana  tympani  is  relaxed,  and  less  so  when  it  is  put  upon  the  stretch  ;| 
the  tensor  tympani,  aecordingly,  exerting  a  protective  action  by  lessea*] 
V  ing  the  apparent  intensity  of  very  loud  sounds. 

This  view  has  been  adoplx^l  by  many  eminent  authors,  owing  in  great 
measure  to  the  valuMblo  experiments  of  Savart.  But  this  observer  was 
not  awjire  of  nu  im|>ortant  fact  which  has  been  tsstablisheil  by  subse* 
quent  investigations,  namely,  that  stretched  membranes,  like  cords,  can- 
not respon<l  iu<liscriminately  to  sounds  of  every  grade  of  lone,  hut  only 
fo  a  certain  number  of  the»e  tonen,  which  are  xepn rated  from  eafh  other 
by  definite  interimfn :'  ami  they  will  respond  to  a  ditTcrent  set  of  tones 
only  after  their  tension  has  l>cen  increasetl  or  diminished.  In  order, 
therefore,  thnt  a  membrane  nuiy  be  easily  thrown  into  in<lueeii  vibra- 
tion, its  tension  must  correspond  in  a  certain  ratio  with  the  tone  of  thv 
sound  produced. 
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consuicratioDS  have  tiuliiccHl  a  different  view  of  Ihe  arlion  nf 
tilt*  tensor  tyiiipani  in  inotiifying  tUe  sensaiiong  ol"  sound.     Wiih  lijt 
membrane  in  a  stnte  ol*  mutterate  tension,  a  certain  proportion  of  Uma 
only  are  ilistinctl^'  appreciated,  while  the  remaiuder  are  either  inaodihlt 
or  iin()er1eftty  tranniuilted  to   the  intei'ual  ear.     This  is   the  estate  m 
which  soijciils  getuTally  nn?  recoivcil  hy  the  organ   of  bearing,  wiiiumi 
exnct  ap[)rifciation  of  their  relative  pitch.     Bui  whuu  the  ear  follovt 
distinctly  successive  tones  of  varying  pilch,  or  wbeu  it  listens  inteoUjr 
fur  .1  particular  note,  the  tension  of  the  iiu-raltrana  tympani  is  ioeruusl 
or  diminishftl  to  »m;h  a  tltfgi'ee  as  "will  tnnlile  tlie  vibration  to  he  inn*- 
niitted  with  the  most  complete  disttnettvess  by  the  chain  of  bones  l«  U 
fluid  of  the  hilj^'rinth.     With  regard  to  the  mo<.liQcations  inducefl  in  tlifl 
appiti'cnt  inlffisiiif  of  souml,  it  is  probable   that  Savart's  explanaiios 
holds  good;  and  th:it  a  diinini.shed  tension  of  the  membrane  eiubli 
the  car  to  catch  more  readily  sounds  which  are  faint  or  distant.    T 
partial  relaxution  is  accomplished  by  the  aetion  uf  the  ataiiedius  nattMcl 
which  is  animated  directly  by  a  Qlainent  of  the  facial  nerve ;  white 
tensor  tympain  is  supplied  only  from  the  otic  ganglioa  of  the  s^TDjia- 
thetic. 

The  cavity  of  the  tymiJnntira  is  not  hermetically  closed,  but  comm 
nicates  with  the  pharyux  by  means  of  the  Eustachian  tube.      The  cxi 
ence  of  this  openiiig  secuit'S  the  equality  of  atmospheric  pressure  witlitn 
and  without  the  nicinbrana  tympani,  a  condition  which  is  essential  to  iu 
proper  vibration  under  the  influence  of  aouoroua   irapiilses.     The  ex- 
ternal barometric   pressure  varies  fiom  day  to  day,  and   even  for  dif- 
ferent periods  of  the  sanoe  day;  and  if  the  middle  ear  were   a  clo9e<i 
cavity,  this  variation  would   of  itself  change  the  tension    of  the  mem- 
brana  tympani,  intlependently  of  the  action  of  the  muscles.      Altli  •     ' 
the  mucous  surfaces  of  the  Eustachian  tube  are  Imbitnallv  in  c<'i 
with  each  other,  they  readily  yield  to  a  ]ireponderance  of  alransphmc 
pressure  in  eitlier  direction,  and   thus   the  efpiilibrinin    is    maintAim 
between  the  air  inside  ami  outside  the  cavity  of  the  tym]janurn. 

Lnbijrinlk. — The  internal  ear,  or  labyrinth,  so  culled  from  tlie  conipl 
cated  extension  and  wimdings  of  its  various  cavities  and  passages,  ij 
situated  in  the  petriuis  portion  of  the  temporal  bone.  Its  external  wi 
consists  of  a  thin  lamina  of  compact  osspous  tissae,  which  is  read  if) 
isolated  in  the  fa-tus  and  in  newly  born  infants,  owing  to  its  being  i 
mediately  surrounde<l  by  spongy-  tissue;  while  in  the  adult  it  is  more  of 
less  completely  consolidated  with  the  adjacent  bony  parts.  It  may  !«., 
divided  physiologically  into:  1.  The  ventihule  and  itemicircular  ranal 
which  constitute  its  moat  essential  |«arts  and  are  present  in  all  vej 
brate  animals;  and  2.  The  rorblen^  wliiolu  in  man  and  the  mammalia,  i 
a  more  highly  developeil  portinn.  of  complicated  structtire,  but  wh 
is  absent  iu  tlie  fishes  and  naked  reptiles,  and  only  partially  developed 
in  the  scaly  reptiles  and  in  birds. 

The  t^eiitibule  (Fig.  21 1, i  )  is  so  called  because  its  cavity  is  that  inln 
which  the  fenestra  ovalia  immediately  o[.)eDS,  aud  from  which   those  of 
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the  BemicircQlnr  cansils  and  c(K-)ilfa 
diverge  in  various  directions.  It  is 
«f  a  more  or  less  ovoid  form,  and 
presents,  t«w:ir<i  the  oavity  uf  tlie 
tympanum,  two  (ijyeniiijii*,  namely  ; 
1.  Th«  Iciiestra  uvalia  (6),  corre- 
8[>ondiiig  in  form  to  tUe  base  of  the 
8tn|K;s,  whitU  nearly  GUa  it,  and 
wliicli  is  adlierent  .  to  the  internal 
pcrii'gtenm  of  tlie  Inliyrintli  stretch- 
ed acroas  the  opening ;  jmd  2.  The 
fenestra  rotuiid:i  (  o)  of  smaller  size 
and  closed  only  by  a  filtiniiH  raern- 
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iir.tne.  The  posterior  porLiou  of  the  inffMof  vertical  •«micircuUr  c^nni.  4. 
ve»tibule  gives  oiigin  to  the  three  ovkUi.  8.  F«neitr»  rotund..  7.  CochU>». 
Si.'micireiilar  caiuUs,  whieli  commu- 
nicate with  it;*  cjnity  at  eacli  extremity,  namely :  1.  The  superior  ver- 
tical cauul  (2)  the  plane  of  whicli  is  directed  across  the  iongitiidiiial 
n\\H  of  the  [letroiis  hone.  2.  The  inferiur  vertical  canal  (3)  the  plane 
of  which  is  purallei  witli  the  internal  snrfaee  of  the  |)etroti8  bone;  and 
3.  Tlie  horiztmtnl  canal  (i)  wliiih  is  lUrected  across  tlie  axis  of  the 
petrous  hone,  but  lies,  as  its  name  indicates,  in  a  horizontal  plaue.  Each 
semicircular  cnnni  o|)en9  into  the  vestihulc  by  two  oiiSces,  one  at  each 
end  ■  except  that  the  two  vcrticnl  canals  unite  at  one  of  their  extremi- 
ties into  a  bratich  and  orifice  common  to  buth.  Thus  there  are  five 
orifices  leiidittfj  from  the  vestibule  into  the  three  semicircular  canals; 
ari<l  each  canal  has  free  communication  at  each  end,  directly  or  indi- 
re<!tly  with  the  interior  of  the  vestibule.  Each  canal  is  enlarged  at  one 
of  '\lii  extremities  where  it  joins  the  vestibule,  into  a  slightly  rounded 
dilatation. 

The  common  cavity  of  this  part  of  the  bony  labyrinth  contains  a 
Iimi)i4i,  colorless  fluid,  the  perilym|>h,  and,  in  addition,  a  cloae<l  mem- 
bra  nous  sac,  nlso  filled  with  lluid,  which,  by  its  various  prolongations, 
pn'senls  a  repetition  t>f  the  funn  of  the  vestibule  and  semicirculnr  canals. 
This,  ttigether  with  its  extension  in  the  cochlea  hereafter  to  be  described, 
constitutes  the  membranotiH  labyrinth.  It  forms  the  most  important 
part  of  the  internal  ear,  since  in  its  walls  the  filaments  of  the  auditory 
nerve  have  their  terminal  ilistribiition. 

The  cavity  of  the  vestibule  contains  two  membranous  sacs,  lying  in 
contact  with  each  other,  but  separated  by  a  transverse  partition.  One 
of  these,  the  smaller  of  the  two,  is  the  ttarruIttH,  a  spherical  vehicle,  a 
little  over  1,5  millimetre  in  diameter,  occupying  the  anterior  and  inferior 
j>ortion  of  the  ve.stii)ivle,  and  communicating  by  a  narrow  canal  with  the 
ductus  cochlearis  of  the  cochlea.  The  other,  or  larger  sac,  is  the  u/nt/c, 
of  ellipsoid  form,  measuriu!;  3.5  millimetres  in  its  long  diameter.  The 
utricle  and  the  three  membranous  semicircul.'ir  canals  communicate  with 
e.icb  other  in  the  same  way  as  the  corresponding  bony  cavities  ia  which 
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tbcy  nrc  lodged.     Eacli  raemliraiKnis  semicircular  rannl  presents  »t 
qI'  its  pxtrctnitics,  at  titc  expanded  part  of  ica  hvay  caual,  a  fciiaili 
rounded  dilatntion,  known  as  the  '*  ana|nilla.'' 

The  membranous  sacs  and  semicircular  canals  an?  considcruM; 
snialler  than  the  osseous  cnvilics  whicb  contain  tiieni^  ami  oi-i'U|]i 
nearly  everywhere  an  eccentrio  position  ;  being,  at  certain  |>oint9,  in 
coulact  with  and  adherent  to  the  internul  periusteuin,  while  at  others 
tliey  are  surrounded  by  the  perilymph.  The  saeculus  and  uira-le 
together  ocfU[iy  about  two-thinls  of  the  cavity  of  the  vestibule;  an-l, 
according  to  Riidinger,  are  so  placed  that  neither  of  them  touches  I 
base  of  the  stapes  at  the  fenestra  ovalis,  but  are  Si-'parsited  from  it 
an  appreciable  layer  of  fluid.  Tims  the  sonorous  impulses  which  r»3i 
the  membranous  labyrinth  come  to  it,  not  directly  from  the  6tu|>es,  bi 
through  the  intcrroetliute  vibration  of  tlie  perilymph. 

The  saceulus  and  the  utricle  are  atlherent  to  the  Internal  pcrio":*  r^; 
of  the  vestibule  at  the  pt)ijits  of  entnmee  of  their  corresponding  br:u. 
of  the  auditory  nei  ve.  The  ampuUie  of  the  Bemicircular  canah  (ill 
almost  completely  the  bony  cavities  in  which  they  rest,  their  outer 
surface  lying  for  the  most  part  in  contact  nith  the  periosteum.  On 
the  other  hand,  the  membranous  semicircular  canals  are  ver^-  much 
smaih.'r  in  caUbi-e  tlian  the  osseous  excavations  which  conUiln  theiu, 
and  lie  in  coiit;ict  with  the  perioateum  only  along  the  inner  or  emallor 
curvature  of  the  bony  cannis;  so  tliat  they  are  surrounded  external 
by  a  comparatively  large  quantity  of  perilymph.  They  are,  howev 
attached  and  held  in  i>Iiice,  as  sliown  by  Uiidinger,  by  slender,  scattertft, 
fibrous  bands  and  partitions,  which  traverse  at  various  points  the  pctv 
lyniphic  space. 

The  main  [loint  of  interest  in  regard  to  the  membranous  Inbyri 
relates  to  the  mode   of  diistribultou  and  Icrminution  of  the   aud 
nerre. 

The  auditory  nerve  sends  to  the  vestibule  two  brancho!^ ; 
which  is  distributed  to  the  saccidns,  the  other  to  the  utricle  and 
am[>uUav.  The  mode  of  termination  of  the  nerve  fibres  in  Ix^tb  these 
divisions  is  essentially  the  same.  Tiiey  are  nut  distrilmted  g^nernJly 
over  the  membrane,  hut  terminate  only  in  particular  well-defined  8])ot<i, 
charaeterized  by  a  thickening  or  pir^tninenoe  of  the  membranous  wall, 
and  by  the  presence  of  a  jicculiar  I'unn  of  epithelinm  provided  with 
pointed  cilia,  the  so-c;illetl  aitdi(»rtf  hairs. 

In  the  saccubia  and  in  the  utricle,  the  terminal  nerve  spot,  or  "  mac 
auditiva,"  is  in  the  form  of  an  oval  plate,  or  lamina,  3  niilliinetfvs 
1.5  in  the  Baeculus,  and  3  millimetres  by  2  in  the  utricle.      In  the  i 
pulhe,  it  forms  a  transverse  ridge  or  fold  of  the  membranous  wall,  p 
jeeting  inwanl  after  the  manner  of  the  valvule  cnnniventos  of  the  am 
intestine,  but  ocrupyin*  only  about  one-third  of  the  circumference 
the  ampulla.      Elsewhere,  the  membranous  sacs  of  the  lahvrinth 
lined,  according  to  Kolliker,  by  a  single  layer  of  pavement  e|>itheli 
cells,     liut  at  the  spots  in  question  the  epithelium  is  twice  or  th 
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times  as  tliiuk  as  in  the  remaining  portions,  and  consists  of  elotjgated 
cvIIh  of  twu  ditfcreiit  fuima,  uamel}',  cylindriciii  aiul  fusiform.  It  also 
prenenls,  standing  ujirigJil  upon  ita  free  surfnce,  the  piniited  cilia  above 
tncnlioued,  or  auiJiloiy  hairs,  wliicli  in  Enun  »rc?  ivboul  :J5  iiiinm.  in 
It-n^th.  The  tertniuul  tiervu  fibn-s  of  ihe  niulitury  m-rve,  which  pass 
up  towanl  these  tliivkeneil  sjjot:*  uf  epithdiuui,  niaj-  be  tracer!,  occonl- 
ing  to  the  testimony  of  uU  ri'i'cnt  observers,  into  the  epithelial  layer 
itwlf;  and  certain  fi|>|X'arance9  give  rise  to  tlie  sii])position  that  the 
ultimatt^  axis-cylincler  «f  t-acb  nerve  fibre  is  prt»l(ini»i'il  throtijjh  the  sub- 
stance of  a  fusiform  epitlii'Iium  cell,  aju)  finally  becomes  the  cilium  or 
HiKlitury  hair  projecting  from  its  free  extremity.  These  appearances 
are,  let,  the  siinilarity  in  size  and  aspect  iH'twwii  the  nxis-cylinder  of 
the  nerve  fibres  and  the  slender  downward  pr(4ohgations  of  the  fusif«>rm 
Cells;  nnd,  2d,  the  fact  that  liotb  these  structures  become  stained  more 
or  less  deeply  of  a  blackish  or  brown  color  by  the  action  of  osmic  acid 
( liiidinger).  Whatever  the  precise  relalions  of  the  terminal  nerve 
fii)i*es  to  the  f>ther  elemcTits  of  the  epithelial  layer  may  be,  there  is  no 
tliiuljt  that  the  i)njjectini^  cilia  act  either  meclianic^lly,  or  by  virtue  of 
a  real  nervous  sensibility  belonging  to  them,  and  are  the  immediate 
rect|iiciit9  of  the  sonorous  vibrations  communicated  by  the  surrounding 
fluid. 

A  reraarkahle  secondary  feature  connected  with  the  auditory  8|)ot8  of 
the  sncculus  and  utricle  is  the  existence,  at  each,  of  a  deposit  of  minute 
solid  lalcaremia  grains,  the  so-called  otoconia,  or  ear  sand.  These  grains 
are  emtiedded  in  a  homogenous  gelatinous  material,  and  form  a  while 
chalky-loitking  layer  immediately  over  the  auditory  spot,  by  which  the 
sittiation  of  this  spot  is  easily  recognizeci.  The  grains  are  composed 
almost  exclusively  of  lime  carbonate.  They  are  rounded,  elongated, 
or  distinctly  juisrnatic  nnd  crystalline  in  form  ;  the  largest  measuring, 
according  to  Kolliker,  about  10  mmm  in  length.  The  exact  ollice  per- 
formed by  these  calcareous  deposits  is  unknown,  but  it  is  evident  from 
their  constant  existence  in  the  same  situation  in  different  animals,  that 
they  have  some  imjiortant  relation  to  the  ponse  of  Iiearing.  In  mam- 
malians and  birds  they  are  pulverulent,  hs  in  man.  In  reptiles  and  fish 
they  assume  the  form,  sometimes,  of  friable  cholk^'  concretions,  some- 
times of  rounded  mnsses  of  considerahle  size,  hard  and  dense  as  por- 
ci'lain.  According  to  Wa;4ner,  they  are  completely  ab<*ont  only  in  the 
cvdostomi,  or  lowest  order  of  true  fishes,  including  the  lamprey  and 
the  hag. 

Physiologirnl  Afixnn  of  the  Mt'tnhranouA  Lnht/rinth. — The  sacctdus 
nnd  utricle,  contained  in  the  cavity  of  the  vestibule,  are  membranous 
formations,  to  whi<li  the  fibres  of  the  nnditory  nerve  are  distributed,  and 
in  which  they  terminate.  These  membranous  expansions  are  supported 
by  the  cont.act  of  fluid  on  each  side,  and  are  held  in  place  by  the  partial 
fibrous  attachments  which  connect  them  with  the  wall  of  the  vestibule. 
They  are  the  structures  uj>on  which  the  impressions  of  sound  are  finsUy 
received,  and  corrcsfKind,  in  this  re8|>ect,  to  the  retina  in  the  organ  of 
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viaion.  The  snnoroim  iinpiilHcs,  first  coiumunieatofi  by  the  mim<Wpto> 
to  the  merabraua  tympaui,  urc  tbence  transmitted  through  the  lioBjr 
tissue  of  the  niallfuy,  incus,  and  stapes.  Fruin  the  base  uf  the  flta|ia 
they  pa.s9  to  tht-  t>i>rilyni|)b  *jf  the  vestibular  cavity  ;  from  that,  tin 
the  floating  wail  uf  thu  iiifuibratious  sac,  to  tlie  endulyuiph  or  tli< 
contuintHl  in  its  interior;  and  it  is  the  vibrutiuii  of  thit»  internal  diud 
which  finally  acts  mxtn  the  sensitive  nervous  tertniaatiotis  in  the  au«li- 
tory  $!pot.  It  is  thiia  through  a  series  of  tutfrmedinte  vibrntion»,  ibal 
soundij  coming  from  the  exterior  produce  their  impre^siou  u|At&  Uk 
internal  ear. 

Office  of  the  Semicircular  Canals, — These  singular  apf)cndiigir«  ol 
the  bony  and  merabranons  lab^'rinth  have  attractc<i  attentiuti.     -       '  "\ 
on  account  of  tbt*  cniistuney  of  their  occurrt-uce  and  the  pe<;. 
their  poKilion.     TtiL'  principal  features  uf  their  tuintomical  hislor)  ve 
the  following  : 

1.  They  are  nniversally  present,  as  portion!*  of  the  internal  cut, J 
niaminnlian»,  binis,  ami  rl■pljIe^*,  ami  nearly  always  in  fish  ;  being  enii)" 
absent  only  in  aniphioxu:^,  where  there  is  no  organ  of  hearing  wLuU-«i 

2.  They  are  always  three  in  numlxT.    The  only  exception  to  this 
is  found  among  tisbes,  in  the  kmiprey  and  the  hag;  where  the  entire  sir 
ttiral  ili'Vflopim'iit,  t'spt'rially  in  the  organs  of  sense.  Is  very  ineomplet 
In  the  lam|*a'V  there  are  two,  and  in  the  hag  one  only,  the  cavity  > 
which  ts  cuiifouuded  with  that  of  the  utricle  ;  the  whole  forming  a  m«a 
branous  canal  bent  upon  itfclf  like  a  ring. 

3.  The  three  canals  stand  in  three  different  planes,  which  nro  all  \% 
penilieuhir  to  each  other.  Thus  one  is  vertical  and  longitudinal,! 
respect  to  the  axis  of  the  petrous  bone  ;  another  vertical  and  transver 
and  the  tbinl  transverse  and  horizontal.  They  i-epresent  acconlingij 
by  their  posivioii,  the  thrie  (liineusioiiM  of  space;  an<l  from  this  cirrul 
stance  the  idea  was  early  suggested  tliat  they  might  serve  in  some  w| 
to  indicate  the  direction  iu  wbicli  sounds  arrive  from  the  exteria 
But  subsequent  researches  have  yielded  nothing  to  corroborate  tk 
assumption  ;  and  it  is  evident,  furtheriiioro,  tliat^from  whatever  quar 
sonorous  ira|)ulftt's  originally  come,  they  must  traverse  the  inend»rjfl 
tympani  and  chain  of  bones,  and  finally  reach  llie  internal  ear  by 
same  course.  This  view  of  the  ofticc  of  the  semicircular  canals 
therefore  no  longer  entertaintnl. 

Lastly,  an  essential  point  in  their  anatomical  stnx'tnre  is  that  th« 
are  destitute  of  nerve  fibres,  an<l  consequently  are  wanting  in  eent 
bility.  The  only  nervous  distribution  connected  with  them  is  that i 
the  ampulliE  situated  at  one  of  their  extremities,  bnt  no  nerve  flbr 
extend  to  the  acniieirei)lur  canals  themselves.  The  function  which  IboJ 
perform  must  therefore  in  all  probability  be  one  of  a  mechanical  of 
physical  kind. 

'  Oren,  Anatomy  of  the  Vprlebrates.     London.  1S68.  vol.  iii.  p.  222.   "Wm 
Comparative  Aiialomy  of  the  Vertebrate  Animals,  Tulk'a  trunfilutioa.    New  Yo 
1845,  p.  227. 


experimenting  upon  tbe  internal  ear  in  the  lower  animals,  it  has 
?ea  remarked  that  diviaiun  ur  injury  of  the  semicircular  canals  is  fol- 
lowed liy  a  lingular  alteration  in  the  position  and  movements  of  the 
animal,  iii(iic:iting  a  (lislurbauce  of  equilibrium.  These  pbeuoiueua  were 
first  made  known  by  Fiouivjis  in  1*5:^6,*  luul  have  been  curroborate<l  b^' 
many  subsequent  observnli<»iis,  the  most  recent  being  those  of  Cyon, 
Cur^eliman,  Biuttcher,  and  IJertbold,  in  1874.  The  resulta  met  with  arc 
not  expliiiued  in  Uie  same  way  by  hU  experimenters,  but  there  ts  little 
disterepaiu-y  in  regartl  to  the  phenouiena  aulujiUy  piesenled.  The  opera- 
tion of  exposing  the  semicirentar  canals  during  life  is  impracticable,  as 
a  general  rule,  in  the  mammalia,  owing  to  the  density  of  tlie  jx'trous 
b«jne  in  which  they  are  imUnlded  ;  but  It  can  Ite  done  without  much 
diUieulty  in  birds,  wbere  thi-y  are  t*urrounded  oidy  by  a  luose  an<l 
8pi>"<gy  osseous  tissue.  The  pigeon  is  the  species  which  has  been  most 
frequently  used  for  this  purpose. 

The  most  striking  aial  constant  elTeet  produced  by  injury  of  the  semi- 
circular canals  consists  <tf  sibiioini;d  oscilhilory  niuVL-ments  of  the  head, 
together  with  an  imperfect  balancing  of  the  whole  body  These  phe- 
nomena vary  according  to  tlie  particular  canal  wliich  has  been  divided. 
If  a  vertical  canal  be  the  one  injured,  the  o**ctilation  of  the  head  is  up- 
ward ami  dovvnwani*  if  it  be  a  horizontal  cftnal,  the  oscillations  are 
lati-ral,  from  left  to  right,  and  vice  verisd.  \f  the  two  corresponding 
canals  on  lK>th  sides  be  divided,  tbe  abnormal  movements  are  much 
more  rapid  and  continuous  than  if  the  Injury  be  inflicted  on  one  alone. 
The  animal  is  still  capable  of  [►reserving  the  equiiii>r1um  of  tbe  boly,  so 
long  as  he  remains  nt  rest ;  but  any  attempt  at  movetnent  brings  on  a 
disorder  of  muscular  action  which  makes  walking,  running,  or  flying 
ditticult  or  impossible.  The  mn.st  simple  tnttrpretati'm  of  these  results 
is  that  the  animal  can  Ufi  h»nger  apjireciate  ihe  direction  or  extent  of 
the  changes  in  ])08ilion  of  the  head,  and  that  the  sense  of  equilibrium 
is  consequently  impaired  for  movements  of  the  body  and  limbs. 

The  manner  in  whirh  the  semicircular  canals,  in  their  natuml  condi- 
tion, may  be  regarded  hs  conlributing  to  the  sense  nf  equilibrium,  is  as 
follows:  if  a  glass  goblet,  filled  with  water,  Iw  itimed  round  its  vertical 
axis,  it  will  be  seen  that  the  water  does  not  rea<lily  turn  with  it;  and 
any  small  oltjects  suspomled  in  it,  or  floating  ujion  its  aurfac«,  will 
remain  in  nearly  the  same  position,  while  the  goblet  revolves  through 
an  entire  circle.  The  adhesion  of  the  flnid  tc*  the  sides  of  the  glass 
vessel  is  not  sudlcient  to  communicate  to  it  at  once  the  circular  motion 
of  the  parts  witli  which  it  is  in  contact.  Consequentl3'  tlic  water  lags 
behind  the  glass;  and  if  any  flat  object  were  cemented  perpendicularly 
to  the  inside  of  the  goblet,  so  as  to  turn  with  it.  it  wouhl  be  hubjecte»l 
to  a  backward  pressure  from  the  water,  whenever  the  goblet  were  put 
in  rotation. 


'  Hecherches  Kxp^rimentale*  our  les  Troprifl**  et  le«  Fonctiona  da  Systkme 
Nerveux,  2uie  Mitioo.     Paris,  1842,  pp.  462, 454. 
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Somewhat  similar  conflilions  are  present  in  the  Bemicircular  canak 
"Whenever  the  head  is  rotated  from  side  to  side  in  a  horizonlnl  jilaue,  i 
momenliiry  inercase  of  pressure  luiist  take  place  in  the  fluid  of  Um 
horizontal  semicircular  raiiul  (Fig.  211,4),  eitlicr  tuwar«l  or  from  tlie 
ampulla  at  one  eud}  timl  thi^  iiicreuse  or  diminution  of  pressure  may  be 
prei-eplible  hy  the  nervous  exj^ansions  which  are  situated  tbere.  If  tbc 
head  be  moved  njiwiird  or  downwartl,  a  similar  variation  of  pirstufv 
will  take  place  in  the  inferior  vertical  canal  (Fig.  211,  .-») ;  and  if  it  l« 
inclineil  laterally,  tow:ud  Uie  right  or  lelt  shouliler^  llie  8Mj)erior  vertifsl 
I'anal  (Fig.  211,8),  will  experience  a  variation  of  the  same  kind.  Tbui, 
ailliough  the  mend>rtitt(jiis  semicircular  canul«J  be  not  themBelves  Mb«i< 
live  to  pressure,  they  niny  serve  as  channels  for  conduetii);^  an  impni«e 
to  tlie  sensitive  or<>;ans  iti  their  am|iull8B.  Even  the  peculiar  coDfi^riirv 
tion  of  the  nervous  expansions  in  tlie  ampulla;  seecns  eepeoiully  odajiUil 
for  tliia  pur|)ose;  since  they  are  arranged  in  the  f<>riu  of  transvcrie 
cresxcntic  folds,  while  in  llie  sacculus  and  ulricle  they  are  ei mp I j  flat- 
tened prominences  on  the  inner  surface  of  these  cavities. 

If  the  question  be  asked,  why  an  apparatus  for  appreciating  change* 
of  equilibrium  siiouhl  be  esijccially  nssociatetl  with  the  organ  of  bearing, 
\t  may  Ik-  riMnarked  that  in  the  auditory  labyrinth  alone  there  is  to  b< 
found  a  terminal  distribution  of  sensitive  nerve  lihres  in  an  epilbeliun 
provided  with  hair  cells,  and  surrounded  by  a  fluid  of  Tvatery  conM*> 
tency ;  all  of  which  coniiilions  are  suitable  for  the  perception  Injlh  i^ 
Hoiioroua  vibrations  and  of  the  variation  in  pressure  due  to  change*  of 
position. 

Cm-hlra. — The  cochlea,  named  from  its  external   resemblance  to  I 
6nail-«hell,  ia  a  bony  canal   rolled  s|tirally  about  a  central  axis. 
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making  between  two  and  three  turns  upon  itself.    Owing  to  the  gradui 
rise  of  the  turns,  it  has  a  ftliglitly  conoidal  form,  the  extremity  of  wbic 
or  cupola,  is  directed  forward,  downward,  and  outward.     The  canal 
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Ihe  cochlea  in  divideil  longiludioally  into  two  parts  by  a  thin,  bony  pur- 
litiun,  tlie  apiral  tamitia^  wbich  wimis  ruutid  its  bony  uxis,  Iblluwing 
its  spiral  luriiB,  b«it  timiteil  exLiiiiinlly  by  a  free  border. 

From  Uju  free  bunlur  of  the  bony  spirul  lamina  a  tibrous  Diembrane, 
tht'  iitt mbrana  bamlurtK,  txlt'uda  uutwanlly  quite  to  the  external  wall 
of  the  cavity,  to  which  it  is  attached.  The  common  canal  of  Ihe  cochlea 
is  thus  divided  into  two  parallel  passages  or  stairway's,  one  above  the 
other.  The  superior  of  these  passages  eoiuniunicates  freely  at  its  base 
with  the  cavity  of  Uie  veslibule,  and  is  the  tita/a  vealibuli.  The  inferior 
reaches  to  the  fene-strn  lulinida,  and  is  lerndnnted  by  the  membrane 
stretchwl  acrnss  ihis  opening,  which  alone  divides  its  cavity  from  that 
of  the  tympMniim;  it  is  accordingly  known  as  the  Hvalatijmpani.  Both 
these  canals  extemJ,  j:i  their  s])ira!  course,  Lo  the  summit  or  cujKila  of 
the  cochlea-  At  this  jwdnt  a  minntc  onliee  of  communieation  between 
the  two  has  been  described  by  some  writers,  antl  doubted  by  others. 
Acconling  to  the  observations  of  Hnrk,'  it  is  probable  that  no  such 
oi>i-ning  exists  in  the  nrttnral  condition  of  the  parts,  nidcss  it  be  micrrv 
scopic  in  bize.  But  whether  the  two  canals  communicate  or  not,  at  the 
Bumtntt  of  the  cochlea,  tlie  p»rliLion  between  them,  throughout  their 
parnlld  course,  is  partly  menibraiuius ;  and  l>y  this  means  an  increase 
or  diminution  of  pressure  upon  the  fluid  of  the  vestibule  at  the  fenestra 
ovalia  will  be  at  once  trausmttteil,  through  that  of  the  scala  veslibuU 
and  the  scala  tympani,  to  the  membrane  of  the  fenestra  rotunda.  Not- 
withstanding,  therefore,  the  incompressible  character  of  the  fluid  of  the 
labyrinth,  provision  is  made,  to  a  certain  cxt^Mit,  for  the  movement  of 
the  stapes,  according  to  the  contraction  or  relaxation  of  the  muscles  of 
the  mid<Ue  ear. 

But  the  septum  above  described,  formed  by  the  epirnl  Intninn  and  the 
membiana  basilaris,  is  not  the  only  Jongitndinal  partition  in  the  cavity 
of  tiie  cochlea.  The  seala  ve&tibuli  is  also  diviiled  into  two  parallel 
cansUs,  an  internal  and  an  exteru.>d,  by  a  thin  membranous  sheet  which 
starts  from  the  upper  surface  of  the  spiral  lamina  near  its  outer  border, 
and  extends  upward  nnd  outward  to  reach  the  external  wall  of  tin-  coch- 
lear cavity.  As  this  nu-iubrane  leaves  the  plane  of  the  spiral  lamina 
and  mcinbrana  basilaris  at  an  angle  of  about  45  or  &0  degrees,  it  shuts 
off  from  the  scala  Ycslibuli  a  separate  canal  of  prismatic  form,  having 
for  its  floor  the  meinbrana  basilaris,  for  its  outer  wall  the  wall  of  the 
ox'hlea,  and  for  its  n|ipcr  boun<lary  the  oblique  membranous  partition 
between  it  and  the  scala  vestibuli.  This  canal  contains  the  auditory 
epithelium  cells  an<i  the  termination  of  the  fibres  of  the  auditory  nerve. 
It  is  tlierefore  the  essential  part  of  the  cochlea,  and  is  termed  accorfl- 
ingly  the  duvtux  corhlenrii^. 

The  ductus  eochlearis  teiTninates  at  the  summit  of  the  cochlea  by  a 


'  On  the  Mechanism  of  Henriiiir.  Priae  Essay  of  the  Alumni  Associalion  of  \\w 
Colle^ie  of  Pliyi^icianrt  ami  Hiirj^oiit,  New  York,  rublished  io  the  Mew  Vork 
ileikcal  Journal,  Juue,  16 44. 
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blind  extremity  ;  but  at  its  base  it  coiamiiiiicates,  by  %  rnnow  fhiiuafl. 
nith  the  cavity  of  the  saceuius.     It  is  consequently  an  ezteDBion  of  the 
saccnlus,  and  a  part  of  the  naembranous  labyrinth  ;   while  the  sosIa  T(«- 
tibuli  is  only  an  extension  of  the  general  cavity  of  the  vestibule    Tb 
ductus  cochleaiis  iiui}-  Lie  considered  as  a  tubular   |»rolungatioii  of 
snccuius.  rolled  upon  itself  in  a  spiral  fortu,  aiid  niaintain«<t  in  \x»\\'u 
by  the  bony  and  membranous  partitions  of  tlie  coc-liiesi  by  which  it 
enveloped.     Like  the  rest  of  the  membranous  labyniiUi,  il  is  filled 
a  watery  fluid,  and  ia  bathed  externally  on  l)oth  sides  l»y  tb«  pehlymp 
exce|>t  where  it  is  adherent  to  the  walls  of  its  bony  cavity. 

Organ  of  Corti. — The  inner  surface  of  the  ductus  cochlearia  is  liiml 
for  the  most  part  with  a  ill  in  layer  of  pavement  epithelium,  except  ala&f 
a  longitudinal  line  situated  nt  nlxint  the  middle  of  the  inetnbrMna  bast- 
laris.  Here  there  is  a  continuous  elevated  ndge,  four  or  five  time* 
tliiciter  than  the  epithelium  elsewhere,  following  a  spiral  course, 
the  rest  of  the  ccKshlear  structures,  and  consisting  of  enlarged  and  me 
fled  epithelium  cells,  with  the  terminal  fibres  of  the  auditor)'  ner 
This  body  is  terinetl  the  organ  of  Corli,  from  the  name  of  tlie  obwr 
who  first  described  it  in  1851.'  It  is  justly  considero«l  as  the  n 
remarkable  and  complicated  structure  in  the  internal  ear.  altiiougtaj 
its  essentiid  features  it  iti  uiiaiugous  to  the  auditory  spots  in  the  i 
cuius  and  utricla 
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DlAon  AilxATir  SerTiow  of  th«   Duqak  of  Corti,  In  profile;  from  the  J« 
lions  of  virions  nutttorittrs  —1.  Memhriion  bniiUrli.    2,8.  IntcrnnI  and  externitl  nt>r<M  ol\ 
nrch.    4    Liiitheliuiti  cpIIb  r.enr  Its  innrr  anil  outer  bordera,    6,  t,  6,^   Hnlr  ceiJa  Ijrit 
ttiL-t  with  the  arch.     MagalflpU  600  ilUmetert. 


The  organ  of  Corti  rcsta  up4>n  the  upper  aurface  of  the  membr 
basilaris.  Its  framework  consist,*?  of  a  series  of  elunofate*!,  raftff-Iil 
bodies,  arninged  in  two  rows,  internal  and  external.  'I'hefte  liodit?^, 
the  intcrtial  and  ex'emal  "fibres  ijf  t'ortt,"  are  separated  from  each  other 
at  their  base,  where  they  rest  upon  the  niembrana  busilaris,  by  a  consid- 
erable interval ;  bat  they  lean  toward  each  other  and  lie  in  contact  hy 
their  npi»er  extremities  or  heails,  thus  forming  a  nwf-like  or  archetl  con- 
nection, the  ''  arcli  of  Corti. '^  Near  tlie  sitnntioii  of  the  arch  of  Corti,  the 
e|>itbelinm  cells  lining  the  tlnctus  cochlearis  become  niodifled  in  fori 
gradn:illy  increasing  in  size  and  length.  At  the  inner  hortler  of  tt 
arch  there  is  a  single  row  of  epithelium  cells  which  are  nearly  as  Ic 


Zeitwbrift  fUr  Wisseoacbaftliche  Zoologle.     Leipzig,  1851,  Band  III. 


as  the  internal  fibres  of  Corti,  and  which  Ito  immeiliatcly  next  to  them 
in  n  similar  Ifaiiing  position.  The  upptT  extruniily  of  each  of  these 
cells  bears  a  tiill  uf  rrgi«l  hairs  or  cilia,  which  are  uuulogous  to  those  of 
the  hair  celU  of  the  ssiceulua  and  utriele.  On  the  outside  of  the  arch 
there  are  three  such  ri>ws  of  hair  cells,  juul  in  every  instance  the  tufls  of 
filia  project  through  opfriings  in  a  wort  of  feiiestntted  eutiele  which  lies 
al»ove  the  cells,  atid  exteudn  over  them,  inwanl  and  outtvard,  from  the 
heads  of  the  two  Ijodies  lorniing  tlie  arch  of  CortL 

Tlie  teniiiijuJ  tibrt's  of  the  eufhlear  brunch  of  the  auditory  nerve  are 
distributed  to  the  organ  of  Cniii.  The  btuidles  of  nerve  libres  fonning 
thia  branch  |>enetrate  the  cochlea  at  tlie  bnse  of  its  central  axis,  and 
pass  from  Iwlow  upward  through  ita  interior,  diverging  successively 
from  within  outwurd,  to  contiiruf  their  c<»urfte  in  a  Imrizontal  direction 
l)etween  the  two  Isiyers  of  the  spiral  lamina.  At  Ibo  level  of  the  at- 
tached i)oriler  of  the  spiral  lamina  there  is  situated,  within  the  cavity 
of  tiie  osseous  ennal,  a  linear  collection  of  bipolar  nerve  cells,  in  and 
among  which  the  iivrvf-tilnTs  pass,  and  with  many,  if  not  all,  of  which 
tlic  nerve  filiics  are  directly  connected.  This  forms  the  "spiral  gan- 
glion" of  the  cocldL-ar  nerve.  Aft-cr  the  bundles  of  nerve  Gbres  have 
]>asseil  through  the  ganglion,  and  while  they  are  container!  in  the  thick- 
ness <if  the  spiral  Inmlnn,  they  form,  by  rejK'alcfl  subdivision  iiiid  re- 
union, a  complicated  plexn^^,  the  filaments  of  which  continue  however 
to  follow  ft  general  diverging  course  toward  the  outer  border  of  the  spi- 
ral lamiiiii  and  I  he  attached  etlge  of  the  membrana  basilaris.  Arrived 
at  this  point,  the  nerve  fibres  ibininish  in  di-imeter  and  lose  their  me- 
dnllary  layer;  and,  in  this  lorin,  jH'netrate  into  the  duel  us  cochlearis, 
where  they  continue  to  radiate  luwarfl  the  organ  of  Corti.  It  is  at  this 
situation  that  the  finsil  termination  of  the  slender  nnd  pale  ner\'e  fibres 
in  the  substance  of  the  epithelial  hair  cells  has  been  most  |Kisitively  de- 
8crila*<l  aivd  fi>^iired  Uy  Wahleyer.'  There  can  ha  no  cloidit  th.it  this 
structure  represents,  in  the  ductus  cochlearis,  the  especial  organ  of  au- 
ditory sensibility. 

PhyHiohgirai  Action  of  the  Cochlea. — The  cochlea  is  undoubterlly  that 
part  of  the  internal  ear,  which,  as  compare<l  with  the  remainder,  serves 
for  the  more  precise  discrimination  of  minute  variations  in  sound.  Its 
elongated  and  spiral  form,  the  two  membranes  of  oniform  tcnsioii  which 
inclose  the  ductus  cochlearis  above  and  below,  and  the  remarkable  com- 
plication of  structure,  with  the  mnlliplc  rows  of  hair  t^ells  belonging  to 
the  organ  of  Corti,  all  indicate  that  it  is  adapted  for  the  distinct  t>ereep- 
tion  of  particular  sonorous  impulses.  The  analogy  of  its  construction 
in  Some  respects  with  the  mechanism  of  a  musical  stringed  instrument, 
the  tilires  of  the  memhrnna  basilaris  representing  its  vibrating  strings, 
has  induced  the  Itclief,  in  the  minds  of  many  eminent  physiologists,  that 
it  is  the  organ  by  which  we  appreciate  the  difference  in  tone  or  pitch 
between  different  sounds.     According  to  this  view,  the  radiating  fibres 


■  In  Strieker's  Manoal  of  Hixtoiopy,  Duck's  edition.     New  Yurk,  1872.  p.  1040. 
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ill  succeasive  portions  of  tho  luetubraiia  biisilaris  are  attuned, 
length  or  lensioii,  to  vibmte  in  lesjioiise  to  ilitlureiit  notes  of  the  mu 
scale ;  and  tliu  vibration  ol"  eacli  set,  when  excit<Hl,  is  eoiuniuniesb 
to  the  coriTspouiliug  iiiiir  cells  of  the  organ  of  Corti,  and  tUns  readii! 
the  aiulitnrj'  iiiirvu  illtres  teviiiiuiiung  in  their  s^ubHtaiice.     Thus  forettry] 
note  sounded   in  the  utuio.>jplu-re  wiiieh  gains  aduuHCiiun  to  Uie  intrnulj 
ear,  only  certain  (ilirea  and  hair  cells  ol'  the  ductus  cochU'&ris  will 
thrown  into  vibration,  and  onl^*  certain  terminal  fibres  of  tiie  covUlettl 
nerve  will  ivefi\e  a  sonoious  impression.     Some  writers  have  even  ftnindi 
in  eettaiii   jiarLs  of  the  orgun  of  Corti,  an  itpparatu:;)  for  damping  lutj 
vibration  of  the  fibres  nfter  the  cessation  of  the  sound,  and  thus  prtreni 
ing  the  confused  intermingling  of  separate  impressions.     There  Is  i 
taiiily  a  suggestive  appearance  of  similarity  between   the  long  Ton  < 
fibiotis  and  cellular  cicnients  m  the  organ  of  Corti,  with  their  varioiu 
appendages,  and  the  ranges  of  strings,  ca[iable  of  vibrating  to  ditfenn 
notes,  in  a  harp  or  pinno  forte;  and  the  similarity  is  suflicient  to  snggm 
a  certain  correspondence  uf  mechanical  and  physiological  action  betWM 
the  two. 

But  the  main  difficulty  In  attributing  to  the  cochlea,  aa  its  function 
the  (HiseriminatioiL  of  musical  notes,  lies  m  the  fact  that  its  developnu*nl 
in  different  animal!^  dues  not  corresjjou*!  with  their  capacity  fur  the  pro 
duction  and  [)erce])tiun  of  musical  soimtls.     The  cochlea,  under  thefonaj 
whieli  it  presents  in  man,  is  coulincd  to  the  niammului.      Ju  birds  tlii«J 
part  of  the  auditory  nj)paratus  has  nut  the  form  of  a  coiled  spiral,  Iwtl 
is  an  obtusely  conical   eminence,'  containing  two   small    cartilaginouf' 
cytittdcrs  uiiiU'tl   by  a  membrane  whicii   represents  the  membmna  hasU' 
laris;  and  the  part  corresponding  Ui  the  organ  of  Corti  contains  onh 
nerve  terniiuatinns  nn<l   hair  cells  somewhat   resemhling  those  of  tJie 
inner  row  in  mammaHa ;  the  arch  of  Corti,  and  the  throe  outer  rown  ofl 
hair  celL^,  with  their  cuticular  covering,  Inking  absent.     In  serpents  auj 
lizards,  the  cochlea  is  similar  to  that  of  birds;  while  in  the  nuked  n'|»- 
tiles  and  in  fishes  it  is  com|}letcly  undeveloped. 

Thus,  in  all  tlie  mammalia,  the  coehlen  is  an  important  part  of  ibe^ 
internal  ear,  ap(>arenlly  but  little,  if  at  all, inferior  to  the  same  organ  in 
man.     But  in  the  singing  birds  it  Is  cotnparatively  a  rudimentary  struc-i 
ture.     Some  of  tliesu  birds    may  be  taught  artificially  to    repeat  jwir- 
tieular  melodies,  showing  conclusively  that  their  capatMty  of  perce|>» ; 
tion  for  musical  notes  is  equal  to  their  power  of  pi"odncing  them  h\  lli« 
vocal  organs.      And  yet  that   part  of  the   anditorj'  apparatus  which 
should  be  most  highly  de\'e)o]wd  in  these  animals,  according  to  thevifW 
in  (piestion,  is  in  reality  llie  least  so.     If  we  compare,  for  example.* 
horse  or  a  pig  with  a  thrush  or  a  mocking-bird,  it  is  evident  that  the 
grade  of  musical  sensibility  in  these  animals  is  in  no  relation  with  Lbe 

'  Owen,  Anatomy  of  the  VerlchrntoR.  London,  18(ifi.  vol.  ii.  p.  134.  Waprjcf, 
Companitive  Anatomy  of  the  Verti'limte  Aninml.s,  'folk's  Translation.  Nr* 
York,  184.1.  p.  9:k  Waldpyer,  iu  Strieker's  M*bq»1  of  Histology,  tiuckl*  Kdltioo. 
New  York,  1872,  p.  1U46. 
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development  of  the  cochlea.  In  fact,  the  cochlea  of  a  singing  blnl 
n-'serablea  thai  of  a  crocodile  or  a  6er|>ent  mure  closely  than  that  of  a 
«|iifnlru|»eil  or  a  muu.  At  the  same  time,  the  otbor  parts  of  the  internal 
an«l  niiiltUe  ear  in  binls,  the  (luul)le  bhc  of  the  vestibular  cavity,  the 
uieu;  bran  mis  Beuiieirculnr  canals  aiid  am|>ulli8,  the  fenestra  ovalis  and 
rotiunlii,  the  cliaiii  of  Ikiiu's  and  the  nieiubrana  tyuipani,  are  all  highly 
devt'lo|Kil  J  B«mie  of  tlu-iu  nearly  or  quite  aw  iiiiieh  so  as  iii  tite  niauiina- 
lian  class.  These  facts  throw  a  certain  degree  of  doubt  u[khi  the  special 
ottice  of  the  cochlea  in  the  percejjttoii  of  auditory  bcusatiotia. 

PemUtence  of  Auditory  Impresaions  and  the  Production  of  Mueical 
Noh'n. — The  sensation  excitetl  by  a  Ronorowa  vibration  continues  for  a 
short  time  atler  tlie  cessation  of  its  cause.  Usually  the  interval  be- 
tween successive  impulses  is  more  than  sulllcient  to  allow  the  contiiiue«i 
ImpreBsion  to  disap|tear,  and  the  ear  distinguishes  without  ilifflculty  the 
fiUccesHioii  of  Pounds.  But  if  the  iiupulses  follow  each  other  at  equal 
intervals,  and  with  a  certain  degree  of  rapidity,  they  produce  upon  the 
ear  the  impression  of  a  coritimioiia  soun<1,  and  tins  sound  lias  a  bijjher 
or  lower  pitch  aeeortling  to  tbe  rapidity  with  whieh  the  vibrutions  are 
repfftted,  Tlie  numerical  relation  of  different  musical  notes  thus  pro- 
duce<l  has  been  stinlicii  by  means  of  various  instruments.  One  of  these 
is  tlie  ghen  of  Savart,  in  which  successive  putt's  of  air  are  emitted  from 
the  body  of  tlie  machine  throujjh  small  openings,  with  a  deyree  of 
r«|iidity  wliifjicjtn  bevnri<'d  at  will  and  registered  by  an  indt^v  attached 
to  the  moving  parts.  Another  method  is  that  in  which  tbe  shm-ks  are 
given  by  the  points  of  a  toothed  wheel  turning  with  known  velocity, 
and  striking,  in  their  passage,  against  the  projecting  edge  of  a  card. 
In  another  modiflcation  of  tbe  ssime  plan,  the  revolving  wlieel  carries 
one  or  more  jirojccting  rods,  which  pa^s,  in  succession,  through  a  cor- 
responding slit  in  a  stiff  board  ;  making  at  each  transit  an  atraos|iheric 
concussion,  owing  to  the  instantaneous  displacement  and  lebunnd  of 
the  air  at  the  o[H>ntng.  Finally,  tlie  niiralier  of  vibrations  correspond- 
ing to  a  piiHiciiIar  note  may  bo  registere<l  by  attaching  to  the  extremity 
of  a  diapason,  or  tuning-fork,  a  light  stilet  which  traces  u(x>n  tbe 
Mackene<l  suiTace  of  a  cylinder,  revolving  at  a  known  rate,  an  undu- 
lating line  (Fig.  H6,  a);  tbe  number  of  undulations  wiiliin  a  given 
apace  IndtCfiling  the  frei|Uency  {►f  the  vibrations  of  the  tuning-fork.  A 
ifimpiff  \'ibration  represents  the  single  oscillation  of  a  solid  l»ody,  or  the 
particles  of  a  fluid,  in  one  direction ;  a  dnuhlc  nibration  is  the  com|ilete 
to-and-fro  movement  of  a  particle,  which  brings  it  back  to  its  original 
position. 

By  this  means  it  is  found  that  sonorous  impulses,  which  follow  each 
other  with  a  rapidity  of  less  than  sixteen  times  per  se<'on<l,  are  readily 
r'istinguishable  as  separate  shocks  ;  hut  a')Ove  that  degree  of  frequency 
they  ln>c<ime  merged  into  each  other,  ftn<l  prrMbiee  the  sensation  of  a 
continuous  sound.  In  case  the  repetition  of  the  Hhocks  takes  place 
at  irregular  or  nnequnl  intervals,  the  only  characters  p<'roeplible  in 
the  sound  are  its  intensity  and  the  peculiarities  due  to  the  special 
43 
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mecbanism  of  its  production.  But  if  the  sbocks  succeed  each  other  it 
rejruhir  intervals,  the  sound  has  then  a  definite  poaitinn  in  the  musical 
scale,  and  is  appreciate*!  by  the  ear  as  a  higli  or  low  note.  The  roorr 
friequent  the  rcpetiLiotis  lu  a  given  time,  the  liigher  is  the  noto  prinioccl, 
until  a  limit  is  t-eaclieil  at  which  the  ear  fails  to  perceive  a  sound  atalL 
The  phy^'t'nl  reason  why  excessively  high  note«  become  in:iudiMe  is 
pmhahlv  tin's:  In  the  special  arrangeuieiit  of  the  auditory  n[iparatus,t 
vibration,  in  order  to  Ix;  |.»eiTeptible,  must  have  a  certain  degree  (d 
extent  or  amplitude;  that  is,  the  particles  of  the  vibrating  botly  n>m 
move  to  and  fro,  at  eat-h  impulse,  f«»r  a  certain  distance  in  space.  The 
intensity  of  a  sononms  impression,  aceonlingly,  depends  U()un  tlw  aa> 
plitude  of  the  vibrations,  while  its  pitch  or  lone  depends  u{K)n  tbeir 
frequency.  Kiit  llie  more  frequently  a  body  vibrates  in  a  single  srwirf, 
the  less  extensive  must  be  its  movements,  if  their  velocity  remaiti  th< 
same.      Cttnuequeiitly,  when  these  vibrations  arrive  at  a  C'  '  ':h 

degree  of  frequency,  unless  the  velocity  of  movement  can   Ik  -I 

in  profwrtion,  their  amplitude  hetromes  so  small  that  they  can  make  do 
Impression  upon  the  ear,  and  the  Hfjiuid  becomes  inaudible. 

It  is  evident,  howevor,  that  such  a  sound  wouhi  be  i^rceptible  if  Uk 
sensibility  of  the  auditory  a))paratU8  were  inerease<i  to  the  rcquisil* 
degree;  nnd  it  has  been  suspected  by  some  natur:di:>ts  that  ct^rtain 
insects  mny  Ik'  capable  of  perceiving  sounds  of  so  high  a  pitch  a«  to  ht 
inaudii'lc  for  the  linman  ear;  while,  on  the  other  hand,  for  them,  arm 
low  note  would  appear  as  a  succession  of  distinct  impulses. 

The  limits  of  frequency,  within  which  sonorruis  vibrations  arc  |«r 
tible  to  man  as  continuous  musical  isounds,  arc  16  double  vibruttd 
prr  second   for  the   lowest  notes,  ami  38,000  for   the  highest.     Bl 
according  to  Wunrlt,  the  exact  discritnination  of  the  pitch   of  music 
sounds  is  confined  within  nmch  narrower  limits,  especially  for  the  . 
notes. 

Duralion  of  a  Sound  required  for  the,  pero^tion  of  Sonorous  Tmpr 
niovs. — This  point  lias  In-en   investigated  by  Savart'  in  the  foUowis 
manner.     He  ascertained,  by  experiment,  that  the  ear  could  npprecil 
tile  pitch  of  a  sound  made  by  a  toothed  wheel  revolving  at  such  a 
as  to  cause  10,000  shocks  per  second.     By  removing  auocessivelv 
teeth  from  larger  portions  of  the  cfrcumfcrenee,  he    diminishctl  in 
corresponding  degree  the  time  during  whlcli  the  shocks  were  produc 
and  he  found  that  such  a  wheel  would  give  a  sound  of  definite  pit 
with  only  two  adjacent  teeth  remaining.     The  double  sbocks  thns  pr 
dueed  would  occupy  only  ^^Vo  **'"  "  second;  and  this  dnratioD  of 
impulses  was  sufficient  to  make  upon  the  ear  a  distinct  musical  imt 
sion. 

•  Dftguin,  Traits  Elfemeotaire  da  Physique.     Paris,  1869,  tome  i.  p.  517. 


'  Reproduction  is  the  pn.>oc«is  by  which  the  fliffi-rcnt  kinds  of  organize<l 
IxHlies  are  per|rf'tuatf<l  in  coiilinuous  series,  notwith^^tiinding  the  limitetl 

^term  of  existetu-e  nll(jttP<l  ti>  each  iti<tiviiluiil.  It  iiiclmles  tlie  jihe- 
nomena  of  the  production,  gi'uwth,  ancl  development  of  new  germs,  a-s 
well  a«  the  whole  history  of  the  succesBive  changes  in  tlie  organts  and 
ftinetiofls,  and  the  cons^equent  rnodiQeations  of  ext(..i'ntd  IxHlily  form  iirc- 
Renti.'d  at  different  periods  of  life. 

All  or^iiinizcil  bo<lie8  pass  thnnigh  certain  snceessive  stagea  of  de- 
velopment, in  which  their  structure  nnd  functions  undergo  et)rresponding 
fllterattnns.  Tlie  living  animnl  or  pliint  is  muitily  tlintinguished  from 
infinimate  BuLstanees  hy  the  continiioua  changes  of  nutrition  and  growth 
vliii-b  take  place  in  its  tinsues.  J  These  nutritive  changes  corresponil  in 
activity  witii  the  other  vital  phenomena;  since  the  production  of  these 
phenomena  depends  upon  the  regular  and  normal  continuance  of  the 
nutritive  jjrocess.  Thus  the  organs  «nd  tissnes,  which  are  tlie  seat  of 
a  double  change  of  renovation  and  decny,  retain  nevertheless  their 
original  constitution,  and  fuTitinue  cnpahle  of  exhibiting  tlie  vital  phe- 
nomena. 

These  changes,  however,  are  not  the  only  ones  which  take  place. 
Although  the  strueture  of  the  body  appears  to  be  maintained  in  »n 
unaltered  condition  by  the  nutritive  pnacess  from  one  moment  to  an- 
other, or  fVom  day  to  day,  yet  a  comparative  examination  at  greater 
intervals  of  time  will  show  that  this  is  not  precisely  the  case;  but  that 
the  changes  of  nutrition  are,  in  point  of  faet,  progressive  aa  well  as  mo- 
mentary. The  c«>m|)osition  and  properties  of  the  skeleton  arv  not  the 
same  at  the  age  of  twenty-five  years  that  they  were  at  fifteen.  At  the 
later  iK'ri<xl  the  bones  contain  more  calcareous  and  less  organic  matter 
tlinn  Iwfore  ;  and  their  solidity  is  increased,  while  their  elasticity  <s  di- 
minished. Even  the  anatomy  of  the  bon«'8  alters  in  an  eqnaily  gradual 
manner;  the  medullary  cavities  enlarging  with  the  jircgress  of  growth, 
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and  Ihe  cnncellatetl  tissue  blooming  more  open  in  texture.     Tberriva 

nuUiblt  iliffcTcucf  in  iIil<  quuntities  of  oxygen  and  caclK>nic  acid  int>iiir»ii 
aiul  exIiHled  at  dittcrent  agi-s.  The  muscles,  also,  if  exuinined  after  llic 
lapse  of  some  years,  are  found  to  l*e  less  irritable  tlisn  formerly,  owing 
to  a  slow,  but  ateady  and  peiuinnent  deviation  iu  their  intimate  fxiu- 
stitutiou. 

The  vital  jnopeittes  of  the  organs,  tlierefore,  change  with  t! 
ing  structure  ;  and  a  time  comes  at  last  when  Ihey  ar*;  pereej- 
capable  of  jterf<»rmiiig  their  original  functions  than  before.  The  vety 
exercise  of  tlie  vital  powers  is  inse[tarably  connected  with  the  ftub*e- 
qnent  alteration  uf  tbe  organs  employed  in  them  ;  and  the  functions  of 
life,  instead  of  remaining  inilefliiitely  the  same,  pass  through  a  *eric» 
of  successive  changes,  wLicLi  finally  teruunate  in  their  complete  ceB«a- 
tion. 

The  history  of  a  living  animal  or  plant  is,  therefore,  a  historj'  of  suc- 
cessive epochs  or  phases  of  existence,  in  each  of  which  the  etructart 
and  functions  of  the  body  dirtier  more  or  less  from  those  in  every  other. 
The  organized  being  has  a  definite  term  of  life,  through  which  it  p4kSK« 
by  tlie  operation  of  an  in^Hriuble  law,  mid  whicii,  at  some  regularly 
appointed  time,  oonies  to  an  end.  The  plant  germinates,  grows,  Wojj- 
soms,  hears  fruit,  withers,  .iml  decays.  The  animal  is  bom,  nourished, 
and  brought  to  maturity,  after  which  he  retrogrades  and  dies.  The 
very  coniuiencemunt  of  existence,  by  leiufing  tlirough  its  suceessive 
interniedtate  stages,  cotidiicfs  at  last  necessarily  to  its  own  terminnticiR. 

But  while  individual  organisms  are  constantly  perishing  and  dlsaf 
pearing  from  tlie  stage,  the  particular  kind,  or  xpecien,  remains  in  cxisi 
ence,  wiliiout  any  important  change  in  tlie  appearance  of  the  orgatdi 
forniH  belonging  to  it.     The  horse  and  the  ox,  tlie  oak  and  the  pine,: 
dillerent  kinds  uf  wild  and  domesticated  animals,  even  the  dilferei 
races  of  man  Idinself,  have  remained   without  any  essential   nlteratioi 
since  tlie  earliest  historical  epochs.     Yet  during  this  period  innumei 
able  imlividunts,  belonging  to  each  species  or  race,  have  lived  tbrongfc] 
their  natural  terra  and  successively  passed  out  of  existence.     A  ttpec 
may  therefore  l>e  regnrdcfl  as  a  type  or  d.nss  of  organized  beings,  il 
which  the  particular  forms  composing  it  die  (iff  imd  disappear,  but  which' 
nevertheless  repeat-s  itself  from  yefur  to  year,  and  maintains  its  rsnks 
constantly  full  by  the  regular  accession  of  ni'W  individuals.     This  pro, 
cess,  by  which  new  organisms  make  their  Rjipearance,  to  take  the  fJac 
of  those  which  are  dcstniyed,  is  known  as  the  process  of  reprriductic 
The  first  iniportiiiit  topic,  in  the  study  of  rejiroduction,  is  that  of  tl 
conditions  necessary  for  its  accompUsliment. 

lit'prodtirfion  by  Ofvfirafton. — It  is  well  known  that,  as  a  nile,  il 
the  reproduction  of  any  [)articnlar  kind  uf  li^•ing  organism,  the  yonn{ 
animals  or  [dants  are  produced,  rlirectly  or  indirectly,  from  the  Ixxlit 
of  the  elder.  The  relation  between  the  two  is  that  of  parents  ai 
progeny.  The  progeny,  accordingly,  owes  its  existence  to  au  act 
generation  ;  and  the  new  organisms,  thus  generated,  become  in  turn  tli 
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'parents  of  otbere  which  succeed  them.  For  this  reason,  wherever  such 
plauts  or  animals  exist,  they  iucticale  the  preceding  existence  of  others 
la'longiug  to  the  same  spetties ;  and  if  by  any  aeeiclfiit  the  whole  s|;ec>cf» 
sltoiild  lie  dehtroytil  in  any  partieular  locidily,  no  new  iudivi<Iuals  could 
be  produced  there,  uidess  by  the  previous  importation  of  otbet'a  of  the 
same  kind. 

The  most  prominent  feature  of  ^neration,  as  a  uatni-n!  phenomenon. 
J8  tjjat  the  young  Huimab  or  plants  thus  foimed  nre  of  the  same  kind 
with  ihtnr  yarents.  They  reproduce  nil  the  esseutiaJ  specific  characters 
by  which  their  predecessors  were  tlistiuguished ;  and  this  t«kc8  place 
by  a  law  so  universal  that  it  seems  almost  a  truism  to  state  it.  But 
this  is  only  liecaiise  it  bus  l»een  so  constantly  a  matter  of  observation, 
that  in  prtptilar  ex|ierience  it  ap|H'ars  as  a  natural  necessity.  In  reality 
it  is  one  of  the  most  remaikable  piienomcnn  eonnecled  with  the  genera- 
tive process;  and  it  indicates  an  unbroken  connection  of  physiological 
acts,  extending  through  the  entire  live.*,  of  many  different  inilivitluaU. 
Thus  we  know  that  the  progeny  of  a  fox  will  always  be  foxes;  and  that 
if  we  sow  oats,  it  will  be  a  crop  of  oats  that  is  produced  in  consequence. 
Geuuration,  accordingly,  not  only  gives  rise  to  new  animals  and  plants, 
or  increases  their  number,  but  it  also  8Pr\'e9  to  continue  indefinitely  the 
existence  of  the  particular  species,  with  all  its  chai'acteristic  marks  and 
qualities. 

Our  idea»  therefore,  of  a  species,  whether  animal  or  vegetable,  includes 
two  diHVrent  elements,  one  of  wliicb  is  anntomical,  the  otiier  iihysiojogi- 
cal.  The  anatomical  character  of  a  sjrt'cies  consitts  in  the  similarity  of 
form,  size,  and  structure  existing  between  all  the  individuals  belonging 
to  it,  anil  which  we  recognize  at  a  glance;  its  phyHiological  cliaracter 
dcfiends  upon  the  fad,  which  has  been  leartie»l  by  experience,  that  it 
will  reproduce  itself,  nnd  that  the  ditferent  species  in  existence  at  any 
one  time  remain  distinct  through  an  iudclinite  series  of  successive  gene- 
rations. 

It  is  not  possible  to  sny  that  the  anatomical  characters  of  species 
have  renniineil  aVwolntely  the  s.nme  throughout  all  previous  time,  or 
that  they  will  continue  to  do  so  without  limit  in  the  future.  The 
existence  of  many  fossil  remains  of  animals  and  plants,  ditferent  from 
those  which  are  known  at  the  present  day,  shows  that  six'cies  aiv  not 
invari.iMe  and  persistent  tbrouiih  very  long  |)erio«ls  «»f  time;  Bn<l  that 
they  mu3'  either  very  gradually  become  so  modified  as  to  present  a 
dilferent  apiwarance,  or  else  that  they  may  entirely  come  to  au  end, 
like  the  extinct  masto^lons  and  fossil  horses  of  the  Unile<l  States,  aiul 
be  replace*!  by  others  from  a  different  locality.  Hut  in  whatever  way 
the  succession  of  species  in  ditferent  geological  epochs  l>e  explained,  it 
is  certain  that  at  any  one  period  their  essential  physiological  characters 
are  those  above  descriljed ;  and  that  eaeh  species,  bj-  the  prfXJess  of 
genernlive  repro<lnction,  remains  distinct  from  the  others  which  are 
contemporary  with  it. 

But  the  productioD  of  young  animals,  similar  in  every  res^ieet  to  their 
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parents,  although  in  all  eusfs  tlie  finnl  ix'sull  of  the  genen»li\'e 
is  never  immediate.  The  young  progeny  wheoi  first  produced  U  di 
from  its  parents,  and  only  reaches  a  condition  of  rest; lubla nee  to  thei 
througli  a  series  of  changes,  often  of  a  very  extraordinary  kind,  ll 
the  vertebrate  tuiiiuals  generally,  the  embryo,  though  ijuitc  iueoiuplt 
in  8tvuctui*e,  yet  presents  a  certain  analogy  of  fcirm  w  itb  the  adalt 
dition.  but  in  many  of  the  iuxertebrate  animals  the  young,  even 
hatching,  and  when  capable  of  active  locomotion,  are  so  dilTi-reul 
appearance  from  their  parents  that  they  would  never  be  bupp<*«cl 
belong  to  the  same  species,  unless  their  identity  were  demoutitrateil  li 
their  subftei|uent  develojjnient.  Thus  the  young  mosquito  is  a  wiuglecs 
creature  liviiifr  beneath  tlic  surfacw  of  the  water  in  »tagnaut  pools;  atui 
the  eggd  of  the  biitterdy,  when  hatehe<l,  give  birth  not  to  buttitrtiirs  l»ul 
to  caterpilhirH.  TIicbc  caterpilSurs,  liowever,  arc  not  creaturva  < 
difTeienl  s|)eeies,  Itut  only  young  butterflies ;  and  they  become  full 
developed  and  similar  to  their  parents  after  certain  chajig^es,  which 
place  at  deliiiite  jXTiiids  of  their  develu|)raent. 

The  reproduction  ur  repetition,  tlierefore,  of  the  form  which  distill^ 
jjuishes  a  particular  ajwcies  Is  accomplished  by  a  series  of  changes  wb 
follow  each  other  in  it'gular  order  ;  amt  tliis  aeries,  tjiken  together,  ma] 
be  represented  by  a  circ-iat,  wbich    »tj<rts  from  the  egg,  is   contiiint' 
through  the  did'ereut  |>liases(  uf  growth,  trniisformation  and  maturity 
the  animal,  and  terminateh  ngiiin  with  the  producliou  of  an  egg. 
this  egg  is  similar  to  the  first,  the  chnnges  rejK'at  tljemsches  in  th 
]irevious  onler,  and  the  iiidefliiite  continuance  of  the  speciea  in  th 
estahliHhetl. 

SiH»ilaneou8  Oentration. — The  commonest  observation  shows  th.it 
the  fiicts  detaile<l  abiive  Iiuld  giiod  in  regard  to  all  animals  and  |>lniii> 
with  whose  history  wc  are  faiuiliarly  acqii»iute<l.  An  opinion,  however, 
has  sonietinies  heen  eiiiertiuiicd  that  there  tna}*  be  exceptions  to  Uiis 
rule;  and  that  living  betng.s  can,  under  certain  circumstAlKx's,  lie  pro- 
d need  from  inanimate  materials;  presenting,  accordingly,  the  singular 
|»henomenun  of  a  [irogeny  without  parents.  8ueh  a  production  of 
organizeil  boilies  is  known  hy  the  ti:ime  of  Kpontaiwotis  (/rntration  lt$ 
existence  is  doulited  by  most  phyfeiologiftts  at  the  present  time,  and  liM 
never  been  positively  establiHhfd  for  any  particular  organized  8f>ecies; 
but  it  has  lH.'en  at  variijiis  [joriods  the  subject  of  active  4liscuK»«ioii, 
forming  a  somewhat  remarkable  chapter  in  the  history  of  geueml 
physiology. 

It  may 'be  remarked  m  general  terms  that  the  organisms,  in  reganl 
to  winch  llie  idea  i>f  the  possibility  of  spontaneous  generation  bna  bcvn 
entertained,  have  been  always  those  whose  natural  history  vraa  imper- 
fect or  obscure,  owing  either  to  their  minute  size  or  to  certain  of  their 
physiological  pi-enliaritics.  Wherever  nninials  or  plants  ap()eare<1  in 
considerable  abundance  without  exhibiting  any  evidence  of  the  source 
from  which  llu-y  cnnu-,  it  was  formerly  coi)jccture<l,  from  that  fact  alone. 
that  their  production  was  a  spontaneous  oiie      The  ancient  Datumlistti 
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«iipi>osed  that  all  species  of  animfilSf  excepting  tliooe  which  visibly  either 
laid  eggs  or  produced  living  young,  were  formed  spontuueously  from 
the  cuniJiinatiun  of  their  organic  iiigredieuts.  Mjiggots,  shdl  lish,  gruhs, 
Worms,  and  even  sdioe  tisbes  wcn;  lUought  to  be  prtuJuL-cil  in  ihi:*  yfay» 
sim|»ly  Ixicause  they  had  uu  apparent  specific  origin. 

But  coDtiuucil  ub^ervatiuu  in  natural  history  showed  that  iu  these 
cases  the  nniniolH  were  really  produceil  by  genera  Li  oti  from  parents ; 
their  Heeret  nielhotts  of  propagation  iH-'iiig  diwouvfred,  and  iheii*  t*pecittc 
identity  being  established  by  successive  changes  in  deveb>piuent  of  the 
young.  The  ditliculty  of  doing  tkia  in  any  particular  case  is  often  iu- 
croased  by  the  ifiter\al  which  ela|jse.%  lietween  the  deposit  of  eggs  by 
the  parents  and  the  subsi-ijiaMit  hatrhing  of  the  young;  the  new  genera- 
tion not  showing  itself  until  nfter  the  formiT  lias  di>appcai"ed.  A  similar 
instance  is  that  of  the  American  seventeen-year  locust  {Cicaila  >^ffilen- 
decim),  where  a  perio<l  of  seventeen  years  intervenes  between  the  hatch- 
ing of  the  larva  and  the  flp]»earanfc  of  I  lie  [lorfi'L-t  insect ;  the  htrva  all 
this  time  remaining  buried  in  the  ground,  while  the  life  of  the  perfect 
insectdocs  not  last  over  bix  weeks.  But  nolwithst-ancling  this  ditliculty, 
ail  such  doubtful  eases  were  gradually  traced  to  the  usual  method  of 
genenttiou  from  parent*. 

Another  source  of  i-rror  was  the  great  dissimilarity  in  the  figure  som"- 
times  existing  between  the  parents  and  their  young,  es|K'i.iidly  as  this  is 
Bccorapuuied  by  an  equ.!!  dissimilarity  in  their  habits  of  life.  Until 
about  the  middle  of  the  seventeenth  cenlmy  there  was  supposed  to  be 
no  nuire  umh>ubt^><l  instance  of  spontaneous  generation  than  the  appear- 
ance of  maggots  in  putrefying  meat.  These  creatures  always  show 
themselves  in  meat  at  a  certain  stage  of  its  decomposition;  they  never 
appear  elsewhere  ;  and  tbry  do  not  themselves  manifest  the  power  of 
))ro<lucing  young:  ami  for  these  reasons  they  were  believed  to  originate 
from  the  dead  flesh  and  to  die  tiiemselvee  withiuit  leaving  a  progeny. 
But  tlie  simple  ex|>eriinent8  of  Francisco  Redi  in  1668,  demonstrated 
the  source  of  fallacy  in  this  opinion  and  the  true  oritjin  of  the  maggots. 
He  took,  in  the  month  of  July,  eight  wide-mouthetl  glass  bottles  and 
placed  in  them  various  pieces  of  dead  flesh.  Four  of  these  bottles  were 
left  open  to  the  atmog|ihere,  while  the  remaining  four  were  closed  l>y 
piecL's  of  paper  carffnlly  adjusted  over  the  mouth  of  each  and  fastened 
|iy  a  cord  roimd  its  neck.  A  short  time  afterward  the  flesh  in  the  un- 
covered bottles  was  filleil  with  maggots,  a  peculiar  kinil  of  fly  meanwhile 
passing  in  and  out  by  the  o\iet\  month;  but  in  the  closed  bottles  not  a 
single  maggot  was  visible,  even  after  the  lapse  of  several  months. 

Tims  it  wa«  evi<U'nt  that  the  maggots  were  not  formed  from  the  dead 
flesh,  but  that  their  germs  came  in  some  w.iy  from  without;  and  con- 
tinued observalittn  ihuwed  that  they  wore  hatched  from  eggs  fleposittHl 
by  the  flies,  and  that  after  a  time  they  Itecame  develojjed  into  perfect 
insects  similar  to  their  )>arents.  An  extension  of  these  observations  to 
other  species  of  invertel)rate  animals  made  known  a  great  variety  o( 
instances  in  which  the  connection  of  parents  and  progeny  might  be  traced 
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tliroiigh  several  intermediate  cotttlitiuns;  so  that  tlie  appnrcnt  dllIerenCI| 
betweeii  thera  in  coHtignrMtioii  uud  structure  uo  lunger  oliereil  »  *rerii)«J»| 
dJrtitiilty  to  tlie  iiivestigutor.     As  a  general  rule,  siuce  tliat  time,  wbuwl 
ever  a  rare  or  comparalivclj  unknown  animal  or  plant  has  l»eeii  KU^iM-cted 
to  originate  by  spontaneous  generation,  it  ha*  only  been  iiecessarj  Uii 
examine  thoroughly  its  habits  and  functions,  to  discover  its  real  xnKtuj 
ol'  pro|iftirfltlou,  and  to  sliow  that  ihey  correspond,  iu  all  essential  poNi 
titulars,  with   the  onlinnry  laws  of  rejjroducliou.     The   limits  withi^j 
wh it'll  it  is  possible  for  the  doctrine  ol"  spontaneous   generatiou  lo 
apjhlied  have  been  siiccestiively  narrowed,  in  the  same  degree  that 
stndy  of  natural  liistory  has  advanced ;  tlie  presnmptiuu  of  its  exi»tmo 
always  hangitig  M|ion  the  outskirts  of  definite  knowletlgc,  and  l>eij 
fonnected  t^nly  with  those  animal  or  vegetable  organisms  which  nre  fa 
the  time  imperfectly  understooil.     The  two  groups  from  which  it 
been  most  recently  excludetl  by  tlie  progress  of  discovery  are,  1.  Th 
Eniozoa,  or  tntfrmil  [mmsites;  and  2.  The  Infusoria. 

I.  Entozoa. — These  are  organisms  which  live  within  the  bodies  of 
other  living  animals,  from  whose  organic  juices  they  derive  their  noohib- 
meut. 

There  are  many  ditferent  kinds  of  entozoa,  all  of  which  are  confine 
moi-e  or  less  Btrietly,  to  certain  |iart8  of  the  body  which  they  iohftltii 
Some  of  them  are  found  in  the  intestines,  others  iu  the  liver,  the  kidneyi 
the  lungs,  or  the  heart  and  bltxKl vessels  j  others  on  the  surface  of  tli 
bniin  ;  otliers  even  in  the  muscles  or  in  the  interior  of  the  eyel 
Each  pnrtiC'uhir  kind  of  parasite,  as  a  rule,  is  jMjiuliar  to  the  e(>eeies 
animal  which  it  iuhaliits,  and  even  to  a  particniar  part  of  the  b«dy,  of 
to  a  particular  part  of  one  organ.  Thus,  Ascaris  lumbricoides  is  fom 
in  the  small  intestiiio,  Oxynris  \'ern)icu]aris  in  the  rectum,  Trirhnf* 
phahis  dispar  in  the  ciec-uin.  One  kind  of  Distoma  has  its  placv  ii 
the  lungs  of  the  green  frog,  another  in  those  of  the  brown  frog.  Cyst 
cercus  ct'llulosffi  is  found  in  the  connective  tissue;  Trichina  spiralb 
the  sul>sl!Uice  of  the  muscles. 

With  regard  tn  ninny  of  these  parasites  the  only  difficulty  in  aocomrt- 
ing  for  their  existence,  except  on  the  presumption  of  their  spontaneon 
generation,  lay  in  their  being  confine<l  to  such  narrow  limits  and  tbci 
never  being  met  with  elsewhere.     It  seemed  probable  that  aurae  It 
combinaticm  of  conditions  was  necessary  to  tlu'  production  of  a  par 
site,  which  was  never  to  1)6  found  except  in  the  biliary  passtages,  tiM 
kidneys,  or  the  lungs  of  a  living  animal.     A  little  consideration,  ho« 
ever,  makes  it  evident  that  these  cnndittons  are  in  realit>'  neither  nt 
saiy  nor  sulticicnt  for  the  production,  but  only  fur  the  dfvelopmrnt  ofl 
the  parasites  in  question.      Most  of  the  internal   parasites  evidentlj 
reproduce   their  species  by  generation.     They  Iiave  male  and  fex 
organs,  and  produce  fertile  eggs,  often  in  great  abundance.     The  egi 
contained  iti  a  siiiLde  female  Ascaris  are  to  Ije  counted  by  thnusatHisj 
and  in  a  tat^wonn  even  Ity  millions.     These  eggs,  in  order  that  the| 
may  ne  batched,  and  proiUice  new  individuals,  reijuire  certain  specia 
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conditions  wliicli  are  favorable  for  their  clevelot»meiit ;  in  the  same  man- 
ner  as  the  seeds  of  plants  require^  for  their  guriuiiiation  and  growth,  a 
eertuiii  kind  of  suil  aiid  u  certaiu  sii|*|>ly  of  wariatli  aud  luaisture.  It  ia 
accordingly  no  more  reinni'kubte  that  Uxyuris  vermicularis  should  in- 
hattit  the  rectum,  and  Asvaris  liimbricoides  the  ileum,  than  that  Lobelia 
iiitlata  should  grow  oidy  in  ilry  pastureH,  and  Lotx-lia  uanlinalis  b>'  the 
side  of  runtiiug  hrooks,  Ttie  tichotis  flourish  on  the  exposed  HUifaces 
of  rockM  and  htoue  walls  ;  wiiile  the  fungi  vegetate  in  darkness  and 
moisture,  on  the  decaying  truuks  of  deail  trees.  Yet  both  these  classes 
of  vegetables  are  well  known  to  be  repro<luce<l  by  generation,  from 
germs  which  require  special  conditions  for  their  growth  and  develop- 
ment. If  the  germ  of  any  species,  whether  animtd  or  vegetable,  Ix*  de- 
posited in  a  locality  where  these  requisite  conditions  are  present,  it  ia 
develo(ie4l  and  comes  to  maturit}";  otherwise  not.  This  accounts  fully 
for  the  fact  that  internal  parasites,  like  other  living  organisms,  are  con- 
fined to  certain  situations  by  the  requirements  of  their  nourishment  and 
growth.  ' 

But  in  regard  to  a  few  of  the  internal  parasites  n  further  difllcuUy 
existetl,  owing  to  the  presence  of  two  peculiarities:  Orst,  these  particuhir 
kinds  do  not  inhabit  the  open  passages  or  canals  of  the  body,  but  lio 
encystetl,  in  the  solid  substance  of  the  tissues,  where  there  are  no  visible 
means  of  access  from  without;  and  secondly,  they  are  sexless,  i)erform- 
iug  no  generative  function,  ami  having  no  progeny  of  their  own;  so  that 
it  does  not  readily  appear  how  they  can  themselves  have  been  derive<l 
from  parents.  Tl>e  two  kinds  of  entozoa  which  have  presentetl  this 
difllcully  in  the  most  marked  manner,  and  in  which  it  has  been  motit 
fully  explained  by  the  results  of  observation  and  experiment,  are  those 
known  as  Cysticercus  ceilulos^e  and  Trichina  spiralis. 

1.  Cyxticercuit  cellulunae. — Tlds  is  a  bla<lder-shft|XMl  parasite  of  some- 
what flattened  form,  about  10  millimetres  in  diameter,  found  In  the  sub- 
cutaneous and  intermuscular  connective 
tissue  of  the  ]iig,  where  it  appears  under 
the  form  of  whitish  specks,  giving  to 
the  flesh  the  appearance  known  as  that 
of  "measly  pork."  Each  parasite  is 
envelo{)ed  in  a  perfectly  chjse<l  cyst,  but 
the  bladder-like  bo<ly,  when  extract«'<l, 
exhibit-H  at  one  spot  a  minute  depression 
or  involution  of  its  wnll.  From  this 
jM>i>it  a  slender  ne*.k,  en<ling  in  a 
rounde<l  head,  may  !«  extruded  by 
pressure;  after  which  the  anintal  is  seen 
to  consist  of  a  head  and  neck,  tcmii- 
naUvl  posteriorly  by  a  dilnle<l,  sac-like  Uiil,  whence  its  generic  name  of 
cv'iticereus.  Its  specific  name  was  derived  from  its  inhabiting  the  con- 
nective tissue,  formerly  known  as  the  ♦'  cellular  tissue."  The  head  of 
the  parasite,  when  maguilied,  shows  upon  its  surface  lour  sucking  disks, 


Fig.  214. 


OtbtickhcO'*  CKLLrLO!«.B,  from 
Kid  fleih  of  the  pig  Pfariiritl  mite. — 
].  Vnleulnr  MppcndnKe.wlth  the  hcnii 
Mmi  «icek  odruJril.  8,.^.  The  ■nine, 
with  limtl  (inil  na'ck  lavrrled ;  viewed 
lu  illirercot  puillluna.     (iMfnlue.^ 
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and  near  its  extremity  a  double  crown  of  curved  eidcareous  proceM«« 
liooks,  implantctl  in  its  siibstanci*.     There  are  do  distiuguii^Lablt;  itiU'rtiat 
organa,  and  the  caudal  VL-»icle   is  filled   siiuply    witb    ait    albumiooui 
watery  fluid.     Tbu8  there  is  no  apparcut  suui-ce  from  which  these 
ganisms  can  have  come,  other  than  the  tissues  which   Ibey  iuhabit) 
any  visible  mode  of  cootinuiug  the  sjiecies  by  generation. 

But  it  lias  been  shown  by  tlie  investigations  uf  Vau  I5ene<ltn,  LeoeV- 
art,  Haiibner,  and  Kiicheuineisler,'  thai  C'ysticercus  cellulosce  is  uiily 
the  embryonic  progeny  of  Taenia  solium,  or  the  solitary  tapeworm,  fuunii 
in  the  small  intestine  of  the  hunutn  subject.  The  specific  identity  of 
the  two  was  lirst  suspecteti  from  the  ex^act  6lm^ 
larity  in  the  Jurm  and  structui^e  of  the  head  mil 
narrow  neck,  which  presents  the  Bauie  Buciuii^ 
disks  and  doulile  crown  of  books  in  Taenia  m  in 
Cysticurcus.  Hut  in  Tasnia  this  neck,  inM«^(|  of 
teniiinuting  in  a  vesicular  appendage,  is  elongsXnl 
and  transversely  wrinkled.  The  wnnkles,  after  a 
certain  distance,  liecome  deejienetl  into  8Q|ierfi<nal 
furrows,  marking  off  the  bo<ly  of  the  animal  into 
oblong  divisions  or  articulations,  each  articulstiua 
showing  a  dtmble  system  of  couimiinicating  ta» 
liir  canals,  and  nlso  distinctly  mai-kc<l  generati* 
organs  of  both  sexes.  As  they  rt'c-etle,  by  »i 
sive  growth,  farther  and  farther  from  the  head, 
generative  organs  contained  in  the  articulati 
bcooiae  raoie  cinnjjlelely  formed,  and  are  at 
filled  with  niatuie  fecundated  eggs,  in  which  tl 
embryos  hnvo  begun  to  be  developed.  The  ealire 
ttipeworm  then  iurins  a  continuous  chain  i>r  coluoi 
of  articulations,  sometimes  from  six  to  eight  rael 
in  length,  and  attjicht^l  to  the  mucous  membrane 
the  intestine  only  by  the  minute  bead  at  its  an 
rior  extremity. 

By  the  exiicriments  above  mentioned  it  wm 
fLHind,  Isl.  Thiit  mutnre  articulations  fmm  tbf 
Ijenia  solium  of  the  linmnn  subject,  if  administemi 
to  young  [jigs  with  their  food,  produce  an  abundann* 
of  cjsliccicUH  cclluloRpe  in  the  flesh  of  these  »ni- 
mala ;  and,  2d.  That  iTsticercus  celliilosie  fi"* 
measly  pork,  if  swallowed  by  man,  becomes  developed  in  the  intestii 
within  a  few  days,  into  rihbnn-likc  worms,  distinctly  recognizable 
young  s])ecimen8  of  ta?uia  solium. 

The  maiiuer  in  which  the  pig  becomes  infested  with  cysticcrcus  I* 
follows;  In  the  fully-formed  tapeworm,  in  the  human  intestine,  the  U«t 

'  KUchennicister,  Animal  aud  Vegetable  Parasites.    Sydenham  edition,  Lot 

Jon.  1857,  pp.  115,  120. 
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intl  most  mnture  articulations  separate  spontaneously  from  tlie  rest  of 
be  colony,  and  either  liiid  their  way  out  by  the  auus  singly,  or  are  dia- 
SliargLMl  with  the  evacutitioivH.  They  have,  while  still  living,  a  con- 
liileratde  rlegn-e  of  eoiiLrnctility  jiml  [luwur  of  lot;t>niotn.-m  ;  an<l  thus 
7ome  accidentally  traiiafLTiod  to  the  surfkce  of  iieighboriiiij  vegrliihle 
latters,  and  are  devoiuwl  by  the  pig  with  his  food.  In  the  stomaeti 
Uid  intestine,  the  siibutance  of  the  articulation  is  digestecl  and  disNolverl; 
lint  the  embryos,  whtt-h  are  33  nimm.  in  diameter,  and  HCined  with  three 
lirs  of  calcareous  spines,  make  their  way  through  the  iiitesLinai  wails, 
ind  thenec  are  iliapei'sed,  either  by  a  continuance  of  the  same  movement 
)r  by  the  bloodvessels,  throughout  the  connective  tinsue,  where  they 
re  afterwanl  found.  Jk-re  tliey  iK'eonie  eneystetl,  and  go  through  with 
jiartia!  dcvclojinn'iit^  ri'mtiiniiig  in  I  he  eondition  of  cysticer«us  in  the 
lesli  (if  tlie  pig  until  tliis  lU'sh  is  used  for  (ood,  when  they  finally  bc- 
)me  converted  into  tienia  solium.  Thus  tlie  entire  round  of  generation 
and  development  is  completed,  and  the  original  form  of  the  parasite 
it'lirodiiced.  A  similar  relation  has  ]H?en  shown  by  Kiichenmeister 
and  Siebold'  to  exist  between  certain  other  species  of  trenin  and  cysli- 
cercus. 

2,  Trichina  spiralift. — This  is  a  sexless,  encysted,  worm-like  para- 
site, foimd  ill  tine  nniscuhir  tissue  of  the  pig,  and  sonT«'timos  in  tlutt  of 
the  rat,  the  cat,  :ind  tlie  human  s|iccies»  Each  worm  lies  closely  coiled, 
in  a  spiral  form,  in  the  interior  of  its 
enveloping  cyst.  It  is  at>ont  U.15 
millimetre  in  length,  of  a  tapering 
form,  with  a  sleii<ler  anterior  nnd 
rounded  posterior  extremity.  It  pre- 
sents a  nearly  straight  intestine  ex- 
teiifliiig  through  ilH  whole  length, 
and  rudiraentary  sexual  organs  which 
are  entirely  inactive.  The  worm  has 
been  known  since  )S35,  as  occasion- 
ally found   in  the   Imman   nniKcuInr 

tissue  in  the  euL-ysted  form;  but  it  is  only  since  184JO,  pnncipfllly  from 
the  investigations  ut'  Leiiekart,'  that  the  different  stages  of  its  growth 
and  development  have  Iteen  made  known.  If  muscular  flesh  containing 
eneystetl  trichina;  be  administered  with  the  footl  to  a  rabbit,  cat,  rat, 
mouse,  or  pig,  the  cysts  beeiuiie  digested  and  the  worms  liberated  in 
the  small  intestine.  Here  thev  rapi<lly  increase  in  sixe  and  develoi>- 
nu-nt,  the  females  becoming  iinpivgnated  and  fdled  with  living  young, 
anti  attaining,  at  the  end  of  a  fortnight,  three  or  four  times  their  pre- 
vious size.  The  young  embryos  are  now  discharged  from  the  body  of 
the  parent,  make  their  way  through  the  walls  of  the  iiitestine,  and  are 


Fig.  216. 


Triphiwa  hpibamb,  onpyttM, 
from  inuiiruliir  tlisue  of  ft  trichluoua  em. 
Magniaed  70  dinmeUsri. 


Von  Siebold,  On  Tuiw  nnd  Cystic  Worms.     Sydenham  edition.    London, 
1857.  p.  57. 
•  Untersuchuiigeu  Uber  Trichina  spiralis.     Loipxig  und  Heidelberg.  1860. 
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dispersed  tliroughout  tbe  body.     They  thus  reach  the  muscular  Umaf 
wljere  they  become  encysted,  mid  leiiiaiu  quiescent   until    again  inln 
duced  into  the  intestine  of  aiiuther  animal  or  of  iuu.u.     lu  this  way  tli 
existent^  of  sexless  and  encyste4l  parjiaites  is  seen  to  l>e  eotireiy  ana 
gous  to    that   of  the    cati'rpillar    or   the   maggot.     They    are   sexle 
because  tliey  are  still  in  tbe  embryonic  or  incomplete  stage  of  develop 
ment.     But  they  have  been  produced  by  the  regular  mode  of  {jenentioo 
from  pui'ent^i ;  and  they  wilt,  at  a  subsequent  jierloi^l,  iLciuscIves  pi 
young  by  the  same  process. 

11.  InfuHoria. — These  are  microscopic  organisms,  first  discover 
Leeuwenboek,  in  1075,  in  rain-water  which  had  l»een  kcjit  in  staadii 
vases.  On  nccount  of  their  active  movement  and  minute  size  he  calla 
them  '' animalcules }"  but  us  they  were  soon  atlerward  diMX>verwl 

Fig.  217. 


iHFviniirA,  of  TArinui  kind*.— 1.  UroilyU  jtmndts,  from  d(«aylaf  acdge^rAM  S 
Pnrnniecluni  «ur«illii,  from  refcetnble  Infiialnn*  ».  t'hUmydodoo  Ditiemnnynp,  Battle  $♦• 
WAter.  4  KeroHA  (xilyiiorum,  on  (he  rre«h-wi»tpr  pnlypr.  6  llxylrtchu  f<%utlil1«,  Op'H 
■*Agnf«nt  WKtcrR.  0.  En  illn  fliiTlnttU*,  clear  brook  wwfer  T.  HeterOmltM  oratl^  oo  mquatli 
rlver-plADt*.    Magoinnl  826  dlncnetert.     (Khrenberg  noil  Stein.) 

make  their  appearance  in  great  numbers  and  with  remarkable  rapiititv 
in  watcrv  infusions  of  organic  matter  exposed  to  the  air,  thoy  receiv*^ 
the  general  name  of  "infusoria."  They  present  theraselve**  in  gn^^t 
variety,  and  under  rapidly  changing  forma}  so  much  su  that  EUreabrrg 
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in  1839'  deflcribed  more  than  700  ditrercnt  kinils.  They  are  geoerolly 
provided  with  cilia  attached  to  the  exterior  of  their  bo<Hes,  and  arc,  for 
the  most  part,  in  constaut  and  rapid  motion  in  the  (Itiid  vhicb  they 
inhabii. 

In  eonseqnence  of  the  numerous  differrnt  fomif*  of  the  infusoria,  their 
frequent  {'hangeability  of  figure,  and  their  want  of  resenihhuace  to  any 
previously  kno*vn  class  of  animal  orgnuiHrns,  tiu-y  were  thought,  by 
some  of  the  earlier  oliservers,  to  have  no  regular  mode  of  generation, 
but  to  arise  indiHcriniinalfly  from  the  orgmiic  matvriiils  of  the  infusion; 
the  particular  form  which  they  might  assume  hieing  determimtd  by  the 
special  condiLitms  of  ench  case,  'i'lteir  inovitablt-  ftj>pearance  in  organic 
infnsionn,  at  nil  oriliitary  temperatures  and  ex|>osuros,  contributed  to 
sustain  this  liclief.  The  siibslanec  of  the  infusion  niiirht  be  previously 
baked  or  boiled;  the  water  in  which  it  was  infused  might  bedistil]e<],aud 
thus  freed  from  all  organic  contaniinntion ;  and  yet  the  infusoria  would 
make  tlieir  appearance  at  tlu-  usual  time  and  in  the  usual  alumdarKc, 
j»rovide<l  only  that  the  infusion  were  exposed  to  moderate  warmtli  and 
to  the  access  of  atmospheric  air.  But  tbes«  eondiLiona  are  essential  to 
maintaining  the  life  of  all  organize<l  creatures,  from  whatever  source 
they  may  conic,  and  arc  not,  therefore,  more  necessary  to  the  infusoria 
than  to  others. 

Therefore  the  infusoria  must  either  have  been  spontaneously  gene- 
rated from  the  materials  of  the  infusion,  or  else  they  must  have  lH?en 
jjroduce*!  from  germs  introtbiced  from  ttio  atmosphere.  In  the  latter 
case  these  germs  must  be  wafleil  about,  in  a  comparatively  dry  state 
and  in  an  inactive  condition,  by  the  atmospheric  cnrrents,  to  resume 
their  activity  and  developraont  when  brought  in  contact  with  sufllcient 
moisture  and  with  the  organic  material  reqiii?iitc  for  their  nalrition. 

The  researches  relating  to  this  quesUon  continue*!  with  the  most  extra- 
orilinary  i>ersistence,  and  with  various  internitttions  and  revivals,  from 
17 To,  when  llicy  were  carriiHl  on  by  Needham  and  Spallanzani,  through- 
out the  greater  part  of  the  present  century,  in  the  hands  of  Cuvier, 
Schultze,  Ilclmholtz,  Mi lnc-E«l wards,  Longet,  Pouchet,  Pasteur,  Wy- 
man,  and  Ba-slian.  The  main  object  of  investigation  was  to  discover 
whether,  if  all  previous  living  germs  were  destroyed  by  heat,  and  the 
access  of  others  prevented  by  hermetically  sealing  the  vessels,  or 
thoroughly  puri lying  the  air  which  was  introduced,  infusorial  life 
would,  under  such  circumstances,  be  developed. 

The  general  result  of  these  experiments  was  that  each  precautions 
diminishc<|  and  often  entirely  preventeil  the  production  of  infusoria. 
Spallanzani'  ha<l  already  shown  in  1776  that  organic  infusions  in  her- 
metically sealed  glass  flasks,  if  boiled  for  two  minutes,  failed  to  produce 
any  of  the  larger  and  more  highly  organized  animalcules ;  and  that 
boiling  for  three-quarters  of  an  hour  prevcnte<l  tho.api^earunce  of  the 
more  minute  and  simpler  kinds. 

'  Die  Infnsionsthierchen  bIb  vollkommenc  OrpnniFmen.    Leipzljr  1838. 
*  Opuwuli  dc  Fiaica  anioiale  c  vcgclabile.     Modcna,  1776,  vol.  i.  p.  10. 
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SchiiUze'  performcKl  Birailar  experiments,  with  the  arldition.il  mlrao- 
ijfcagc  of  nHmitting  to  tlie  organic  infuHinn  fresh  air  ptiriG»«d  from  gtinwi 
[e  placed  his  infusion  in  a  glasa  fla^k,  the  stopper  of  whieh  wa*  pr 
vid«'d  with  two  nnrrow  tultcs,  lient  ot  right  angles.  When  the  infusion 
had  been  thoroiigJily  boiled,  and  all  the  air  contained  in  the  flask  «• 
pi-lied,  he  (tistened  to  each  of  the  projecting  tnlies  a  nories  of  kmll* 
containing  on  the  one  side  Bulpliurie  aeid,  nnd  on  the  other  a  sob 
of  potassium  hydrale;  so  that  tlie  a'r  wliieli  re-entered  the  flask  '■ 
it  waa  cooling  must  pass  thrnngh  these  fluids,  and  thus  be  cleanseil  ri( 
all  living  organic  matter.  The  apparatus  was  then  kept  in  a  warm 
place  for  two  months,  the  air  being  renewed  daily  by  suction  through 
the  tubes,  wiMiout  any  infusoria  l>eing  detected  in  its  controls.  Btrt 
they  showcii  tliemselvea  in  great  ubundanrc  after  it  had  bc«>D  t.iltrii 
apart,  and  the  iQftision  exposed  for  a  few  da^'s  directly  to  the  atmo- 
sphere. 

Pasteur'  found  that  if  a  flask  containing  an  organic  liquid  were  boiW 
u]X)n  a  high  mountain,  where  the  air  is  of  unusual  purity,  alloweii  to 
Hit  itself  witli  this  air  while  cooling,  and  then  hormctically  seaW,  il 
woidii  olYeu  remain  free  from  infusorial  growth,  lie  kept  several  suck 
fin-iks  boiled  and  filled  witli  air  upon  the  Montanvert  iu  Switicrla 
for  four  >fars,  without  the  Jiiiuirls  which  they  containetl  undergoing 
pci'cct>tible  change.  But  on  making,  nt  the  end  of  that  time,  a  mint 
opening  in  the  neck  of  one  of  these  fl.isks,  it  exhibited  after  three  d*j 
a  perceptible  growth  of  cryptognnuc  vegetation. 

These  rcHutts  diil  not  abBoliitidy  exclude  the  possibility  of  eponta 
ous  generation,  which  was  still  maintained  by  Pouchet  and   a  numiii 
of  other  obsi-rvers ;  but  tlify  indicatetl  in  a  very  decisive  manner  tli 
the  Btrnospliere  might  contidn  the  inactive  germs  of  infusoria,  which 
were  capable  of  being  developed  on  meeting  with  a  suitable  orpuiii 
infusion. 

But  in  the  mean  time  the  stndy  of  the  infnsoria  themselves  had 
going  on  indf|icudeMtly  of  the  question  of  spontaneous  generatiofi,  i 
this  alone  has  been  sufflciont  to  demonstrate  that  they  are   repri>lnc 
in  the  usual  way,  like  other  anim;d  sjiecies,  by  means  of  fertilized 
and  embryonic  deV4'lo[»mettl. 

The  apparent  coufuMon  and  vsrtnbility  in  form  of  the  ioAlsoria,  «* 
^the  time  of  their  first  discovery,  dc|ien(leil  only  upon  their  g^reat  num-^ 
bers  and  upon  the  want  of  snfHcient  knowledge  in  regard  to  thetn.  Si 
sequent  observation  has  shown  that  tlirir  nrgnnizntion  is  ns  definite  i 
that  of  other  clnsses  of  the  animni  kingdom;  :ind  they  have  now  int 
arranged,  by  thn  labors  (>f  Claiiarede  and  I/achm:uin,'  St<»in.*  and  Bi 
biani,''  iuto  orders,  families,  genera,  and  species,  which  may  be  reoof^ 

'  Pogpenriorffv  Annnlen.  IS.'ifi.     Band  xxxix.  p.  487. 

•  Cnmptes  Rcndus  de  rAradfmie  des  Sciences.     Paris.  F^vrier  20,  ISfiS. 

•  Etodes  sur  ti-c  Infusoires  el  h-s  Ilhizopodes.     Genfeve,  1856—1861. 

•  Orpanismus  der  Infiisionstliierc.     I^ipsi^,  IB.'VO. 
■  Journal  de  la  Physiulogie  du  I' Homme  et  dea  Animaax.     Paris,  18C] 
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ni2«l  with  certainty  '•>'  their  ilistiuetivu  tunrks.  Tbey  are  not  confirK-d 
l<j  infusions  ol'  decuyiug  material  artificially  or  flceitlenlnily  j)ieixue<i  ; 
liiit  nmtiy  of  tliein  have  tiu-ir  natural  habitation  in  the  clearest  waters 
of  lakes,  pools,  mai'siieH,  running  brooks,  or  the  o{>en  sea.  Certain  forms, 
originally  included  in  this  class,  such  b8  Rotifer,  Stephanoceros,  and 
Flosciilaria,  have  been  found  to  possess  a  more  complicated  structnre 
than  the  rest,  and  to  belung  properly  to  the  class  of  worms;  while  their 
nioile  of  lejirodiH'tion  is  sulKciently  inamfest  from  the  fact  that  living 
embryos,  iu  process  of  development,  are  often  to  be  seen  in  their  interior. 

Fig.  218. 


STTLOwrcKiA  MTTiLTBi  It  fV-Mh-wnfer  Infusorium.— 1.  Vnlin|tr*)rn*tr<1.  2.  \mpm- 
nitpi),  4nil  rontAlnini;  inalure  egg*  ""d  two  einbryoi.  3.  Sliowlog  rhe  forin  of  the  embryo 
Ma^niacUST&dlnnieteri.    (Stein.) 

Finnll\\  the  ciliato<l  infusoria  themselves  have  been  shown  to  repro- 
dncc  their  8i>eci«'S  by  means  of  eggs,  formed  in  s|)eeial  generative  organs 
and  fecundated  by  union  of  the  sexes  (Fig.  218).  This  fact,  first  demon 
Btrated  by  Bnlbiani,  has  been  since  confirmed,  in  many  instatu-es,  hy 
Stein,  Engelmann,'   and  Cohn ;'   Balbiani  and   Stein   together   haAdng 


'  Zfitnohrifl  ftir  Wiwwnfichaflliche  Zoologie.     Leipzij^.  18fi2.  Band  xi.  p.  347. 
«  Ditto,     Dainl  xii.  p.  197. 
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observed  the  ocemTence  of  sexual  generation  in  4T  difftrent  gener 

and  fifi  ditfL-rent  species. 

Thus  tile  infusoria  pnijjer  are  in  their  turn  excluded  from  the  Geij 
of  spoiitiiueous  generalioii.  But,  mi  the  other  hand,  a  ronsidenibli 
group  of  organ itJHis,  formerly  referred  to  the  class  of  iufusoria,  arc  nui 
liiiuWQ  to  he  of  a  different  character.  These  are  the  forms  tncli^li 
under  the  general  term  of  Hfivlrriay  and  comprising  the  MjH*cial  varirt 
of  bacterium,  vibrio,  sjiirillmn,  and  micrococcus.  They  are  dcnic 
strated  to  be  of  a  vegetable  nature,  notwithstanding  their  fret^ut: 
exhibition  of  raj>id  and  c<)ntinucjus  movement;  and  they  consist  uf  i 
which  multiply,  often  in  great  abundance,  by  a  process  of  re|)eated  sul 
division.  Whether  they  are  alao  reproduced  bj*  means  of  8p<ires 
germs,  has  not  been  determined  ;  but  their  minute  size  and  their  im|ii 
feet  classification  have  thus  far  proved  obstacles  to  the  complete  studj 
of  their  physiological  characters. 

The  representative  of  this  group  may  be  considered  to  be  the  species 
kuowu  aa  Bacterium  /ermo,  already  described  (page  83),  in  connection 

with  the  pUeuomenn  of 
*^'^'  "^'  trefaction.     It    consists 

elongated   or   rcxl-like  oelll 
averaging  3  mm  in.  in  lent 
by  0.6  mmm.  in  thicknes 
sometimes       single,      of 
double,  two  of  tiiom  beiii| 
attached,  more  or  less  firtnlj 
end  to  end.     The  latter  a|l 
pearance  is  due  to  the  pr 
gressive    multiplicati«in 
the  cells,  which  takes  plj 
by  a  transverse  division 
the  middle  of  their  lengt 
The  two  new  cellH  thus  pr 
duced  remain  for  a  lime  il 
cotmeetion  with  each  othei 
and  afterward    sei^amt*, 
rei>eat  the  process  indepei 
dently  of  each  other.     The  final  separation  of  two  cells  rnay  often 
seen  to  occur  under  the  microscope.     The  bacterium  cells,  during  a 
considerable  part  of  tlieir  existence,  iire  in  rapid  vibratory  and  progrra-j 
sive  movement.     The  vibrations  take  place  in  a  eircidar  manner,  »l»<>u 
some  point  situated  either  at  or  near  one  of  the  extremities  i  so  that  lliC 
rest  of  the  cell  jwrfornis  a  ctmical  raovoment  around  this  i>oint,  present 
ing,  on  sufjcrficial  examination,  the  «pf»earanee  of  a  lateral  oscillatloq 
The  mechanism  by  which  this  vihration  is  accom]>lished   is  unknown^ 
but  it  is  no  doubt  analogous  to  the  slower  sjnrfll  undulations  of  th«1 
Oscillatorisf,  among  fresh-water  algse ;  and  its  edect  is  to  propel  the 
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bacterium  cells,  often  with  extreme  velocity,  through  tlie  flutil  in  which 
they  nre  immersed. 

Of  later  yeara,  the  investigations  in  regnnl  lo  sjionttineous  generation 
have  been  almost  exclusivelj-  conRnoi;!  to  the  bnc-teria  anil  tlitir  allteft, 
since  they  now  form  the  only  gnui[»  of  nigauiams  in  which  re|jro<ltiction 
l»y  generation  has  not  heen  riillj-  eHtablislied.  Even  lor  them,  the  rapid 
multiplication  by  celt  division,  which  takes  place  uniler  favorable  con- 
ditions, indicates  the  usual  mode  of  their  increase  in  numbers;  but  in 
order  to  establish  an  entire  similarity  between  them  and  other  living 
organisms,  tliey  mnst  also  be  sliown  to  reproduce  themselves  113'  8|Xirc8 
or  germs,  which  has  not  thus  far  been  done.  The  experiments  with 
Iniiled  infusions  in  sealeil  flasks  have  led  to  results  which  are  not  inter- 
preted in  the  same  manner  by  all  writers ;  hut  it  is  evident  that  for 
bacteria,  as  well  as  for  other  organic  furms,  the  application  of  heat 
exerts  in  various  degrees  a  preventive  action  on  their  subsequent  appear- 
ance. 

Among  the  most  careful  and  satisfactory  experiment*  on  this  part  of 
the  subject  are  those  of  Prof.  Wymait,'  who  ojierated  with  infusions  of 
botli  animal  and  vegetable  matters.  The  infusions,  placed  in  sealed 
fliisks,  with  aliundance  of  atmosphonc  air,  were  submerged  in  boiling 
water  for  i>eri()dH  varying  from  thirty  iiiinntes  to  Ave  hours,  and  after- 
waixl  kei)t  under  observation  at  the  ordinary  teuiperatures  requisite  for 
the  development  of  bacteria.  The  result  showetl  that  the  appearance 
of  these  organisms  was  always  delayed  by  the  previoas  application  of 
heat,  and  that  this  delay,  in  different  series  of  obser^'ations,  was  often  in 
direct  proportion  to  the  length  of  time  during  wliich  the  Ixji ling  had 
been  continued.  Furthermore,  iu  certain  eases  the  bacteria  failed  to  be 
protluced  at  all,  and  the  chances  of  their  production  decreased  in  pro- 
portion to  the  length  of  time  during  which  the  liquid  had  been  b<jiled. 
Thus,  of  four  series  of  flasks,  each  containing  the  same  infusion,  and 
boiled  respectively'  during  one,  two,  three,  and  fonr  liours,  all  of  the  first 
and  second  series  aiterwanl  pro<luced  bacteria,  only  one  of  the  third, 
and  none  of  the  fourth.  Finally,  in  no  instance,  among  numerous  trials, 
did  they  appear  in  any  infusion  which  had  Iwen  b<jile<l  for  a  period  ex- 
ceeding five  hours.  Thus  a  limit  was  reached  to  the  production  of  bac- 
teria, in  fluids  previously  subjected  to  the  action  of  heat. 

There  can  be  no  iloubt  as  to  the  scientific  bearing  of  these  and  similar 
exi^eriments.  SHpontaoeous  generation  is  inadmissible  at  the  present 
day  for  e^'erything  exee])t  bacteria ;  and  with  regaixl  to  them  there  is 
no  sufficient  proof  that  they  are  ever  generated  without  the  concurrence 
of  previously  existing  germs. 


'  Americaa  Juurual  of  tiuicnce  and  Arts.    New  H:iTen,  rol.  xliv.,  September, 
itt67. 
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CHAPTER  II. 

SEXUAL  GENERATION,  AND  THE  MODE   OF  ITS 
ACCOMPLISHMENT. 


Fig.  220. 


Sexual  gtcneration  is  performed  by  two  sets  of  organs,  each  orwhiii 
gives  yrigiu  to  :i  pi^culiar  product,  capable  of  unititi)^  with  the  otb«r, 
to  prwluce  a  new  inilividual,  J  These  orgaiiM,  beluu^ing  to  the  two  dif- 
ferent sexes,  are  culle<l  the  male  ind 
female  organs  of  generation.  The  fenub 
organs  i)rocluce  a  glubular  l»ody  ctiki 
llje  fgg  or  g^'rm^  which  is  callable  of  I* 
ing  (leveloperl  into  the  body  of  tlie  vooaf 
animal  or  plant;  the  male  orgnna  prodm 
a  substance  which  is  necessary  to  fvcim- 
date  the  gerra,and  enable  it  to  go  tlirtnt^ 
with  the  process  of  growth  antl  derclop- 
ment. 

Such  are  the  essential  and  onivend 
characters  of  the  organs  of  generation. 
These  organs,  however,  while  cxiiibiljnf 
everywhere  the  same  princi|ial  fcatiUMt 
present  certain  modifications  of  ^tructurt 
and  arrnngement  iu  ditferent  claa«cs  cf 
organizeil  beings. 

In  the  tluwering  plants,  the  bhisMO, 
which  is  the  generative  apparatus  (Flf^ 
220),  consists  first  i>f  a  female  organ  con-* 
taining  the  germ  (a),  situated  usoallr 
upon  the  highest  part  of  the  Ieaf-bearu>g 
stalk.  This  is  surmounted  by  a  nnrty 
straight  column,  termed  the  pistil  {&),  dilated  at  its  summit  Into  ■ 
globular  expansion,  and  occu|»yuig  the  centre  of  the  flower.  Aruaodi) 
are  arranged  several  slender  filaments,  or  stamens,  bearing  upoo  th«r 
extremities  the  male  organs,  or  anthers  (e,  c).  The  whole  is  sarrauiMM 
by  a  circle  or  crown  of  delicate  colored  leaves,  termed  the  oorolhi  (i), 
which  19  frequently  provided  with  a  smaller  sheath  of  green  leaves  oaV 
aide,  called  the  calyx  (*?)-  The  anthers,  wlien  arrived  at  niatnnty,  ili»- 
charge  a  fine  organic  dust,  called  the  pollen,  the  grains  of  which  iie 
caught  upon  the  extremity  of  the  pistil.  Kftch  pollen-grain  then  afasorbi 
the  nutritious  juices  with  which  it  is  in  contact,  Hud  develops  froa  In 
substance  a  tubular  prolongation,  the  pollen-tube,  which,  by  its  co* 
(  682  ) 


Blohsuk  or  ipoMotA  Pra- 
PURXA.  (Morning-glory.) — a.  O-erm. 
b.  Piitil.  c.c.  titAoienii,  with  nutiieri. 
d.  Coroll*.     *    C'alya. 
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tiiiUfU  growth,  penetrates  iluwuwanl  tluuugh  the  tissues  of  the  pistil 
until  it  comes  in  contact  with  tlie  germ  l)eluw.  The  gertn  tinm  feciin- 
dateil,  tlie  prrjeess  of  gcnei'tttion  is  accom|>Ii!ilied.  The  pistil,  anthers, 
and  corolla  wither  uiid  Cull  off,  while  llie  geiiu  increiises  iu  size^  and 
changes  in  Ibrtn  and  texture,  until  it  lipeiis  into  the  mature  Truit  or 
aemi.  It  is  tlien  rendj'  to  l.»e  »eparat<?d  from  the  jjarent  utojn  ;  and,  if 
placed  in  the  proper  soil,  will  germinate  and  produce  a  new  plant  similar 
to  the  old. 

In  many  species  of  plants,  the  male  and  female  organs,  as  altovc 
describetJ,  are  both  situateft  upon  the  same  flower ;  as  in  the  lily,  the 
violet,  the  con\-oh'ulus.  In  other  instances,  tlvere  are  separate  male 
and  female  flowers  upon  the  same  plant,  of  which  the  male  flowera  pro- 
duce only  the  pollen,  tlie  female, 

the  germ  and  fruit,    lu  others  still,  F»g.  221. 

the  male  and  female  flowers  are 
situated  upon  ditl'erent  plants, 
which  otherwise  rcHemhle  each 
other,  as  iu  the  willow,  the  poplar, 
the  sassafras. 

In  animals,  the  female  organs 
of  generation  are  called  ovarifs, 
since  it  is  iu  them  that  the  egg,  or 
'*  ovumj"  is  proiluced.  The  male 
organs  arc  the  trfttcifs,  wliich 
give  origin  to  the  fecundating  pro- 
duct, the  *'si>crm"  or  "seminal 
fluid,"  by  which  the  egg  U  fer- 
tilized. In  the  tfenia  or  tapeworm, 
already  descrilied  (page  074),  each 
articulation  contains  both  ovary 
and  testicle.  The  ovary  (Fiy;.  221, 
o,  a,  a)  is  a  series  of  branching 
tultes  ending  in  rounded  folliclej*, 
"^nd  communicating  with  a  central 
canal.  The  testicle  {A>  is  a  narrower  convoluted  tube,  closely  folded 
upon  itself,  and  opening  by  an  external  orifice  (c)  upon  the  lateral 
border  of  the  articulation.  The  seminal  fluid  produced  in  the  testicle 
is  introduced  into  the  female  generative  passage,  which  ojiens  at  the 
same  spot,  and,  penetrating  into  tlie  interior,  comes  in  contact  with  the 
eggs,  which  are  therebj-  fecundated.  Each  egg  then  pro<Juce8  a  young 
embryo,  which  is  capable  of  lieing  afterward  developed  into  a  full-grown 
taenia. 

In  various  other  families  of  invertebrate  animals,  as  the  snail,  the 
slug,  the  leech  and  the  eaith  worm,  an  ovary  and  a  testicle  are  both 
present  in  the  body  of  the  same  individual.  But  in  these  instances 
inipiefrnation  is  effected  only  by  the  concurrent  action  of  two  different 
orgauisms;  and  when  sexual  union  takes  place,  the  eggs  producc<l  by 
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one  animal  are  fecundated  by  the  seminal  fluid  of  another,  and  vice 
versd. 

In  all  the  vertebrate  animals,  on  the  other  baud,  the  two  sets  of 
generative  organs  are  located  in  separate  individaals  ;  and  the  species 
is  divideil  into  tMo  sexes,  male  and  female.    Beside  this,  there  are, ii 
most  instances,  certain  secondary  or  accessory  organs  of  generatiaL, 
which  assist  in  the  accomplishment  of  the  process,  and  which  occauoo 
a  corresponding  diffeicnce  in  the  anatomy  of  the  two  sexes.     In  somt 
cases  this  difference  is  so  great  that  the  male  and  feniale  would  never 
be  recognized  as  belonging  to  the  same  species,  unless  they  were  seen 
in  company  with  each  other,  and  were  known  to  i-e produce  the  species 
by  sexual  congress.    Not  to  mention  some  extreme  instances  of  Uiift 
among  insects  and  other  invertebrate  animals,  it  is  sufficient  to  refer  to 
the  well-linown  examples  of  the  cock  and  the  hen,  the  lion  and  lionets, 
the  buck  and  the  doe.     In  the  human  species,  the  distinction  between 
the  sexes  shows  itself  in  the  mental  constitution,  the  disposition,  habits, 
and  pursuits,  as  well  as  in  the  general  conformation  of  the  boily,  and 
the  external  appearance. 

The  special  details  of  the  generative  process  de|)end  upon  the  strw- 
ture  of  the  male  and  female  organs,  the  manner  in  which  their  product! 
are  formed  and  discharged,  the  union  of  the  two  in  the  act  of  feconds. 
tion,  and  the  changes  which  take  place  in  the  development  of  the 
embryo. 
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1'he  eggy  in  man  and  in  all  species  of  tUHnunaliaus,  presents  an  essen- 
tial similarity  of  form,  size,  ami  slrueture.  Jt  is  a  globular  Ixxly,  about 
0.25  millimetre  in  diameter,  auit  cunaists  of  two  ]inrt8,  namely,  first, 
an  external  clustxl  sac,  the  vitvlline  mevibrane  ;  and,  secoiully,  a  sphe* 
rlcal  mass  containetl  in  its  interior,  the  oitfilluH.  Of  these  two,  the 
vilellus  is  the  essential  constituent  part  of  the  egg,  since  it  is  from  its 
substance  that  tlie  riulimenls  of  the  embryo  are  foimed*  The  vitelline 
membrane  is  a  protective  euvelojMj,  destined 
to  maintain  the  form  and  iniegrity  of  the 
vitfllus, 

Vilfttine  Membrane. — The  vitelline  mem- 
brane is  a  smooth,  transparent,  colorless 
layer,  about  .01  inillimetre  in  thickness. 
AVben  viewed  with  ra-ignifving  powers  sulH- 
cieully  mod»Tate  to  iudutle  the  view  of  the 
whole  egg,  the  membrane  presents  a  perfectlj' 
homogeneous  aspect}  although  with  higher 
powt-rs,  accunling  to  Klein,  it  exhibits  an 
appearance  of  vertical  striutions.  Notwith- 
standing its  detic.iC}'  and  transparency,  it  is 
very  elastic,  and  has  a  considerable  degree 
of  letistance.  If  the  egg  of  the  human  species,  or  of  any  of  the  mam- 
mnliaiis,  l>e  plnced  under  the  microscope,  surrounded  by  fluid  and 
covered  with  a  thin  slip  of  glass,  it  may  be  i)erceptibly  flattened  out 
by  pressing  U|>on  the  cover-glass  with  the  point  of  a  steel  needle ;  and 
when  the  pressure  is  removed  it  readily  resumes  its  globular  form. 
When  the  egg  is  partially  flattened  in  this  way,  by  the  pressure  of  a 
neeille  or  by  the  weight  of  the  cover-glass,  the  apparent  thickness  of  the 
vitelline  membrane  is  increased,  giving  it  the  appearance  of  a  rather 
wide,  pellucid  border  or  zone,  surrounding  the  granular  and  compara- 
tively o|>aque  vitellus.  From  this  circumstance  it  has  sometimes  re- 
ceive<i  the  name  of  the  "zona  pellucida." 

In  the  vitelline  membrane  of  mnny  invertebrates,  and  also  in  that  of 
fishes,  a  minute  opening  has  been  discovered,  termed  the  *'  mieropyle." 
lending  into  the  interior  of  the  vitelline  cavity;  and  it  is  through  thi* 
opening  that  the  filaments  of  the  mule  seminal  fluid  |M.'netrate,  to  reach 
the  vitellus.     It  i»  very  {wssible  that  such  an  opening  may  also  exist 
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in  the  vit^ilino  nu-mliirane  of  mnn  and  the  other  vertebrate  animmla 
tlie  globulur  foi  iii  vt'  the  egg,  the  traiispiirent  an<l  homogeneous 
of  the  vitelline  membrane,  and  the  alweDce  of  any  otLier  matcml,  of  i 
ferent  refractive  |>ower,  in  the  coiml  or  orifice  of  the  microp^le  itselM 
prt-vent  its  lieing  iletected  in  microaeojjie  exuininHtion. 

Vileilus. — The  vilcUiis  is  a  glohiitur  ninss,  of  semifluid,  tenacious  \ 
sistency,  composed  of  a  transparent  and  colorlesa  albuminous  Di&t4Yi«l,' 
with  oleaginous  looking  granules  thickly  disseminated  thronghont  \\% 
substance.     Owing  to  the  physical  admixture  of  these  two  conslitiienls 
It  has  a  distinctly  gnuiiitar  aspect,  and  a  considerable  degree  of  opacity. 
Imbedded  in  the  vitelluA,  at  a  point  near  its  surface,  and  coDAeqnetitif 
almost  imraediatcl>-  beneath  the  vitelline  membrane,  is  a  clear,  col"' 
transparent  venicle,  of  a  rounded  form,  the  gfrminaJire  Vfsicte.     i 
mammalian  cgsi,  this  vesicle  measures  about  .04  millimetre  in  diaroeUT. 
It  presents  upon  ils  surface  a  nucleus-like  spot,  known  by  the  name  of 
the  germinatit\e  Hpot.     Both  the  germinative  vesicle  and  germinate  spo* 
tire  partially  concealed,  in  the  uninjured  condition  of  the  egg,  by 
granules  of  the  Hitrro»inding  vitcllus. 

If  the  agg^  while  under  the  microscope,  he  ruptured   by  contina 
pressure  upon  the  covering  glass,  the  semifluid  vitellus  is  gradotll 

exjjclled  by  the  elasticity  of  the  vitelline i 
brane.  It  retains  the  granules  imlieddcd  _ 
its  substance,  but  often  allows  the  g*'rfnin». 
tive  vesicle  to  become  detached,  and  tberefon 
more  distinctly  visible. 

In  man  and  the   mammalians,  the  Biml 
form  of  vgg  niiove  descril>cd,  consisting  tnal 
of  a  vitellus  of  minute  size,  is  sufllcient  for 
pnwhiction  of  the  embryo,  since  it  is  retail 
after  fecun<lation,  in  the  inti-rior  of  the 
rative   passages,  and  absorbs    the  nutritic 
materials  for  its  subsequent  growth  from 
tissues  of  the  female  parent.      In  the 
reptiles  and  in  most  flsh,  where  the  eggs 
de|)osited  and  hatchet!  in  the  water,  the  vit 
since  the  hatching  takes  place  at  a  oomi 
lively  early  ])eriod  of  development,  and  the  requisite  additional 
is  supplied  from  tl»e  surrounding  mwltum.     But  in  birds,  and  in  inojt 
•jf  the  scaly  reptiles,  as  serpents,  turtles,  and  liznnls,  the  ei^gs  are 
posited  m  a  nest  or  in  the  ground,  and  there  is  consequently  no  ext« 
source  of  nutrition  for  the  support  and  growth  of  the  embrj-o  ilorii 
its  development.     In  these  instances  the  vitellus,  or  '*  yolk,"  is  of  lar 
size;  and  the  bulk  nf  the  egg  is  still  further  increased   by  the  additt 
within  the  femtile  generative  passages,  of  ta3'er>?  of  albumen  and  van*- 
external  fibrous  ami  calcareous  envelopes.     The  essential  constituei 
of  the  egg,  nevertheless,  still  remain  the  same  in  character,  and 
process  of  embryonic  development  follows  its  usual  course. 
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certain  orgnns,  Bituate  .  .-  .,  

'  /  These  organs  consist  of  a  moss  of  vascular  connective  tissue,  inclosing 
I  la  numljer  of  globular  eacs  or  follicles,  the  "Graafian  follicles;'*  so 
'  called  from  the  name  of  the  nnatomiHt  who  first  fully  descrihtcnl  them' 
as  constituent  ])art3  of  the  ovary-  Each  Graafian  follicle  contains  an 
egg,  which  varies  more  or  less  in  size  and  apjjearance  in  dJH'erentclasseJi.. 
of  animals,  but  'n-hieh  has  always  the  same  essential  characters,  aud 
is  produced  in  the  same  way. 

The  egg  thus  grows  in  the  interior  of  the  ovarian  sac,  like  a  tooth  in 
its  follicle  ;  and  forms,  acconlingly,  a  constituent  part  of  the  body  of 
the  female.  It  is  destined  to  he  subsequently  separated  from  its  at- 
t.'icliments,  and  thrown  off;  but  unlil  th:it  time,  it  is  one  of  the  elements 
of  the  tisfiue  of  the  ovary,  and  is  nouriwlji.'d  like  any  other  ])ortion  of  the 
female  organism. 

Since  the  ovaries  are  the  organs  directly  concerned  in  the  production 
of  tiie  egg,  they  form  the  most  essential  part  of  the  female  generative 
apparatus.  Ueside  Ihem,  there  are  usuntly  present  certain  otlier  organs, 
which  play  a  secondary  part  in  the  process  of  generation.  Tlie  most 
important  of  these  accessory  organs  are  two  symmetrical  tubes,  or 
cinducls^  destined  to  receive  the  eggs  at  their  inner  extremity  and  con- 
vey them  to  tlie  exti-rual  generative  orifice.  The  mucous  membrane 
lining  the  oviducts  is  also  adapteil  b}'  its  structure  to  supply  certain 
secretions  during  the  passage  of  the  egg, 
wliich  are  re(|ui»ite,  either  to  complete  its  Fig.  224. 

formation,  or  to  provide  for  the  nutrition 
of  the  eml>ryo. 

In  the  frog,  the  oviduct  commences  at 
the  U])|X'r  j)art  of  the  ab<loinen.  by  a  rather 
w^ide  orifice,  cumnuinicating  directly  with 
the  peritoneal  cavity.  It  soon  afliTward 
contracts  to  a  narrow  tulie,  ami  pursues  a 
zigzag  course  down  the  side  of  the  ab«lo- 
men  (Fig.  224),  fokled  upon  itself  in  nume- 
rous convolutions,  until  it  opens,  near  its 
fellow  of  the  opposite  side,  into  the  "  clo- 
aca" or  lower  part  of  the  intestinal  canal. 
The  oviducts  present  the  general  charac- 
ters descrilKxi  above  in  nearly  all  species 
of  reptiles  and  birtls. 

The  ovaries,  as  well  as  the  eggs  which 
they  contain,  undergo  at  particular  sea- 
sons a  j)erio<licjU  development  or  increase 
in  growth.     In  the  female  frog,  during  the 


1 


^ 


FrVALW  GmiKitATiTK    Ok. 

«Aii»   or  >'Roc«.— a,a     Ovnrkct. 

6,  b  IKI<1ucIb     r,r.  Their  Inlrrnn. 

t    .^  „  .,,,,.,  orlBcTi.    4,  CItMcn,  itiowlDg  Inl*- 

latter  part  of  summer  or  the  fall,  the  ova-     rior  oriiicv*  o(  oviduoti. 


Rcgner  de  (in»t.  Opera  Omnia.     AmBteliwlami,  1705,  p.  228. 


6S8         EGO    AND    FEMALE    GROANS    OF   OBKBBATIO?*. 


ries  apirt-ar  like  small  ilustfra  of  minute  an«l  nejirlj-  colorleua  egg«,  ll* 
smaller  of  which  arc  perfectly  traiiapurfiit  aiul  less  than  0.18  intlUiBcUv 
in  diameter.  But  in  the  early  spring,  when  the  season  of  rcprodmtiou 
spprunclu'S,  the  ovaries  increase  to  four  or  five  limes  their  former  m^, 
forming  large  lubiilatetl  masses,  orow<led  with  dttrk-colored  opaque 
eggs,  each  2  millimetres  in  diameter.  At  the  generative  ecaaoii,  in  >U 
the  lower  jinimab,  a  certain  numlier  of  eggs,  which  were  previoasly  it 
an  imperfect  cf»udition,  increase  in  size  and  become  altered  in  i»tructi»f. 
The  vitellus  csi)ecially,  which  was  before  colorless  and  Irfuisparent,  In- 
comes granular  and  increased  in  volume;  and  it  assumes  at  the  aamr 
time  a  black,  brown,  yellow,  or  orange  color.  In  the  mnnimaliaa  tpj 
ttie  change  consists  only  in  an  increase  of  size  and  granulation,  witbuoi 
any  remarkable  alteratiun  of  color. 

The  eggs,  as  they  rii»en  in  this  way,  gradually  distend  the  GTiafia* 
follicles  and  project  from  t!ie  surface  of  the  ovary.  Whren  fully  rifn, 
they  are  discliarged  by  a  rupture  of  tlie  follicles,  ami,  passing  into  iW 
oviducts,  are  conveyed  to  the  external  generative  orifice,  an<i  there «- 
pelletl.  In  successive  6cas*JU9,  successive  crops  of  eg;jjf8  enlarge,  ri^ru, 
leave  the  ovaries,  and  arc  discharged.  Those  which  are  to  be  cxjicllrd 
at  the  next  generative  epoch  may  be  recognized  by  tlieir  greater  d* 
of  development;  and  in  this  way,  in  many  animals,  the  eggs  of  no 
than  three  different  cn^ps  may  be  distinguished  in  the  ovary  ai 
namely,  1st,  those  which  arc  perfectly  mature  and  readj?  to  be 
chargeii ;  2d,  those  which  are  to  ripen  in  the  following  season  ;  aud  Sd. 
those  which  are  as  yet  inactive  and  undevelo|*d.  In  most  fish  »iii 
reptiles,  1*9  Well  as  in  birds,  this  regular  process  of  the  rii>cning 
disi'harge  of  eggs  takes  place  but  once  a  year.  In  different  species 
quadrupe^ls  it  may  occur  annually,  semi-annually,  bt-nionthly,  or  c 
monthly;  but  in  every  instance  it  returns  at  regular  intervals, 
exhibits,  therefore,  a  well-niiirked  fieriodical  character. 

Aclion  uf  the   OviditcU  and  Female   Oenerative  PaHHogeg. In 

frog,  after  the  ripening  of  the  eggs  and  their  discharge  from  the  ovi 
follicles,  they  receive  an  additional  investment  while  passing  throa$ifa 
the  oviducts.    AX  the  time  of  leaving  the  ovary,  the  eggs  coiiiiist  sim 

of  the  dark-colored  and  granular  vitel 
inclosed  in  the  vitelline  membrane.    Tl 
arc  received  by  the  inner   extrernitr 
the  oviducts,  and  carried  downward 
the  peristaltic  movement  of  these 
aided  by  the  contraction  of  the  abdomf 
muscles.     During  tlieir  passnge,  the 
cons  membrane  of  the  oviduct   scci 
an  albuminous  substance,   which  ia 
posited    in    successive    layers,    form 
round   each  egg  a  thick   coating  or 
velope    (Fig.   22f>).      Wlien   the   eggs   arc   dischargwl,    this    envdi 
absorbs  moisture  from  the  water  iu  which  the  spawn  is  depo^sited. 
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*wel)s  into  Ji  transparent  gelntiuous  mass,  in  which  the  eggs  are  sepa- 
rutely  itnbeddfcl.  It  eupplieSf  by  its  subsequent  liqtiefnction  and  al>- 
sort«lioii.  a  ct-rtnin  amuunl  of  nutritious  mntfrud,  fur  the  development 
ami  growth  of  the  t'mbryo. 

Iii  the  scaly  reptili-s  and  in  birds,  the  oviducts  perform  a  more  im- 
portant function.  In  the  eoinnum  low],  the  ovary  consists,  as  iit  the 
frog,  of  follicles,  loosely  united  by  connective  tissue,  and  contiiiiiiiig  cjrgs 
in  <lirtt'ri'nt  stages  of  develupmeut  (Fig.  22(i,  n).  As  the  egg  which  is 
ajijiroaching  niutui'ity  enlarges,  it  distends  the  cavity  of  its  folUcle,  and 
projects  farther  from  the  general  surface  of  tlie  ovary ;  eo  that  it  hangs 
at  la^t  into  the  peritoneal  cavity,  retained  only  by  the  altenuate<l  wall 
of  the  loUide,  and  a  slender  pe<licle  throu;^li  wliirh  run  the  bloodvessels 
l>3'  which  its  circulation  is  snjijiliefl.  A  ruptnre  of  the  follicle  then 
occurs  at  its  most  prominent  part,  and  the  egg  is  discharged  from  the 
lxicerute<l  opctiing. 

At  the  time  of  leaving  tlie  ovary,  the  egg  of  the  fowl  consists  of  a 
large,  globular,  orange-coloreil  vitellus,  or  "yolk,"  inclosiMl  in  a  thin 
and  transpai-ent  vitelline  membrane.  Immefliately  underneath  the 
vitelline  membrane,  at  one  point  upon  the  eurfaee  of  the  vitellus,  is  a 
round  white  spot,  consisting  of  a  la3er  of  minute  granules,  temieil  the 
'*cicatrienla,"  in  which  the  germinative  vesicle  is  imbedded  at  an  early 
stage  of  the  development  of  the  egg.  At  the  time  of  its  discharge  from 
the  ovary,  tlie  gt'rminative  vesicle  has  usually  disappeared;  but  the 
cicutrictila  is  still  an  important  part  of  the  vitellus,  and  it  is  from  this 
spot  that  the  biwly  of  the  chii-k  Ijegins  afterward  to  be  develoj>ed. 

As  the  egg  protrudes  from  the  surface  of  the  ovarj',  it  projects  into 
the  inner  orifice  of  the  oviduct ;  so  that,  when  dischargetl  from  its 
follicle,  it  is  embraced  by  the  upi>or  expanded  extremity  of  this  tul>e, 
and  inmmeiices  its  jmssnge  downward.  In  the  fowl,  the  muscular  coat 
of  the  oviduct  is  highly  develope<l,  and  its  peristaltic  contractions  urge 
the  egg  from  above  downwarti,  somewhat  in  the  same  manner  as  the 
oesophagns  or  the  intestines  transport  the  food  in  a  similar  direction. 
While  jiassing  through  the  first  five  or  six  centimetres  of  the  oviduct 
(c,ti\  where  the  mucous  m<*mbrane  is  smooth  and  transpaixMit,  the 
yolk  absorbs  a  certain  quantity  of  fluid,  becoming  consequently  rather 
more  flexible  and  yielding  in  consistency.  It  then  jmsses  into  a  second 
<livi%ion  of  the  generative  caii.'d,  in  which  the  mucous  mendirane  is 
thicker  and  more  glandular,  and  is  thrown  into  longitudinal  folds. 
This  |>ortion  of  the  oviduct  (rf,  e)  extends  over  about  22  centimetres, 
or  more  than  one-half  its  entire  length.  In  its  up|>er  part.,  the  mucous 
membrane  secretes  a  viscifl  material,  by  which  the  yolk  is  incasetl, 
and  which  soon  consolidates  into  a  gelatinous  deposit,  thus  forming  & 
second  envelope,  outside  the  vitelline  membrane. 

The  peristaltic  movements  of  this  part  of  the  oviduct  are  such  as  to 
give  a  rotary,  as  well  as  a  progressive  motion  to  the  egg;  and  by  this 
means  the  two  extremities  of  the  gelatinous  envelope  become  twisted 
in  opposite  directions;  forming  two  whitish  looking  cords,  attached 
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to  the  opposite  poles  of  the  epg.  These  cords  are  tenne«l  the  "cbtlax*." 
ami  the  membrane  wilh  which  they  are  connected,  the '*  chidiuiferuua 
membrane." 

Throiigh4Jiit  the  remainder  of  the  second  division  of  the  ori'lu't..  •: 
mucous  merabnuie  exudes  an  all)umiiious  substance,  which  i«  depi"  • 
in  successive  layers  round  the  yolk,  inclosing  the  chalaziferous  m  : 

brane  and  ll»e  chalazie.  This  suhsuijvi. 
the  so-called  albumen,  or  **  white  of  eK." 
is  gelatinous  in  consistency,  nearly  tnuiv 
parent,  and  of  a  faint  amber  color.  U  n 
deposited  in  greater  abumlance  in  front 
of  the  advancing  e^g  than  behind  Et^ntut 
thus  forms  a  conical  projection  antvriorlr, 
while  behind,  its  outline  is  parallel  wiU» 
the  spherical  surface  of  the  yolk.  In  ll«i 
way,  the  egg  acquires,  when  covere<l  will 
its  alliumcn,  an  ovoid  form,  of  whu 
one  end  is  round,  the  other  pointed ; 
pointed  extremity  beingr  directed  do« 
ward,  as  the  egg  descends  along 
ovidtict. 

In  the  third  dixision  of  the  oridort 
(/"),  which  is  about  nine  cenlimetrts  in 
length,  the  mucous  membrane  is  arrangvi 
in  longitudinal  folds,  w  liich  are  namj«rr 
and   more  closely   packed    tiion   in  tk^ 
prece<]ing  f^ortion.  The  material  seer 
in  this  piu't  condenses  into  n  firm  filtttiB 
covi-ring,   composed    of    three    dilferell 
layers  which  closely  embrace  the  surfac 
of  the  albuminous  mass,  forming  a  tongl 
flexible,   somi-opaqne  envelope   for 
whole.     Tliese  layers  are  known 
external,   middle,  and   internal    fli 
membranes  of  the  egg. 

Finally  the  egg  passes  into  the  foB 
division  of  the  oviduct  (y),  which  is' 
than  ttie  rest  of  the  canal,  but  only  a 
little  over  five  centimetres  in  l»*nj 
Here  the  mncous  membrane,  which 
arranged  in  abundant  projecting,  le 
tike  villosities,  exudes  a   lluid   rich 

Femalk  Okskbativk  OnoAKS  of  th«  Fowl— «.  Orary.  b.  QriuiflAa  follfli 
from  wMch  the  pmB  hii»  ju»»  been  illachsrged.  e.  Ynik, eofering  up[»er  extremity  of  ortJofl 
d<  e.  SMonddlvliilon  of  oviduct.  In  which  ilip  eh«l«ilfcrou»  weinbr»nc,  ch»li»xas,  hoU  Mbuna 
nre  farmed.  /  Thlril  fiortlnn,  In  which  the  Obroui  nh^H  tnfmhranei  nr*  profiuced.  §,  Tour 
portion  I»ld  oppn,  nhowlnis  the  rca  puinpletely  (armeil,  with  iti  calcareous  atiell.  A-  !*• 
eanul  through  which  the  egg  li  (tiioharjtrd. 
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calcareous  Bnlts.  The  most  external  of  the  tliroe  memhranea  above 
(lescrilifd  is  permeated  liy  this  secreti'm ;  Btnl  soon  nfterward,  owing  to 
the  renl<8orptiuij  of  its  flutcl  |»nits,  the  calcareous  matter  begins  to  crys- 
tallize in  tlu'  liluoim  network  of  tlio  inembnuie.  This  <lopoail  of  caleare- 
oiiH  uiultLT  goes  (HI,  growing  thieker  ami  more  condensed,  until  the 
exlenuil  eiivelojie  is  convL-rted  into  a  white,  opaque,  brittle,  calcareous 
ebell,  which  incloses  tbe  remaining  [)ortions  and  protects  them  from 
injury.  The  egg  is  then  forci-d  through  a  narrow  portion  of  the  oviduet 
(A),  and,  gradonlly  dilatitig  the  passages  by  its  conical  extremity,  is 
finally  disehargetl  from  the  exlenml  orifice. 

The  egg  of  the  fowl,  after  its  ex|)uIsion,  consists,  accordingly,  of  vari- 
ous parts ;  some  of  which,  as  tiie  yolk  and  the  vitelline  membrane, 
entered  into  its  originnl  formation,  wliile  tbe  remainder  have  been 
dep<J8iteil  round  it  during  its  passage  tlirougb  the  oviduct. 

Afler  the  discharge  of  the  egg  there  is  a  partial  evapfjratinn  of  its 
watery  ingredients,  which  arc  replaced  b}-  air  penetrating  through  the 
pores  of  the  shill  at  its  rounded  extrerait}'.  The  air  thus  introduce<J 
accumulates  between  tlie  middle  and  internal  fibrous  membranes,  forno- 
ing  a  cavity  or  air-t-hamber  (y),  at  the  rounded  end  of  the  egg.     Very 

L  FijT.  227, 

^^*  TMiRr"*"!  Of  Powt's   hLQn.—a.  Yolk.    6.  VUeUtne  roewbr»ne.    c   C'buUzirprnui 

I  mrmlirnnc.  <i.  Alhumru.  r,/.  Middle  nDit  Interoitl  ihell  in<>mbr«oe«.   y.  Aii^ohnotbrr. 

I  k.  Cnlcnroouf  itirll. 

soon,  the  external  layers  of  the  albumen  liquefy ;  and  the  vitcllns,  being 
»I)ecifically  lighter  than  the  albumen,  rises  toward  the  surface  of  the 
egg,  with  the  cicatricula  uppermost.  This  part  presents  itself  almost 
immediately  on  breaking  open  the  egg  at  any  point  corresponding  to 
the  equator  of  the  yolk,  and  is  placed  in  the  most  favorable  position 
for  the  action  of  warmth  and  atmusi>heric  air  m  the  development  of  the 
chick. 

The  vjtellus,  therefore,  is  still  the  essential  constitnent  part,  even  in 
the  large  and  higlily  complicated  fowrs  egg;  while  the  remainder  cou- 
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■Uts  of  nntridoos  material,  provided  for  the  support  of  Uie  eabrjo, 
and  of  protective  envelopes,  like  tbe  shell  and  flbroas  membranes. 

In  the  quadmpeds,  another  important  rood|^ctitton  of  the  ovidoeli 
takes  place.  In  these  animals,  the  egg,  which  is  or^nally  d  Bhartt 
size,  is  retained  within  the  generative  passsgee  of  the  fraude  dniing  tki 
development  of  the  embryo.  While  the  upper  part  of  the  ovidnet, 
accordingly,  is  quite  narrow,  and  serves  merely  to  transmit  the  eg; 
from  the  ovaiy,  and  to  supply  it  with  a  little  albaminoos  secretion,  tlie 
lower  portions  are  much  increased  in  sice,  and  are  lined  with  a  mncov 
membrane  whicli  is  adapted  to  provide  for  the  protection  and  noanib> 
ment  of  the  embryo  during  gestation.  The  upper  and  narrower  pot- 
tions  of  the  oviduct  are  known  as  the  "  Falloi^an  tulies,*'  from  Fallopio^ 
who  first  described  them  in  the  human  female ;  while  the  low«  and 

Fig.  328. 


TJTBBoa  AVD  Otabiks  ot  TBI  SOW.— «,  «,  OmriM.    k,ft.  FRltopUn  tubes, 
e,  c.  Horn*  of  tbe  uterui.    4.  Body  of  tb«  ateraa.    «.  YatflatL. 

more  highly  developed  portions  constitute  the  uterus.  The  two  halve* 
of  the  uterus  unite  with  eaoli  other  upon  the  median  line  near  their 
inferior  termination,  to  form  a  central  organ,  termed  its  **  body ;"  whQe 
the  ununited  parts  are  known  as  its  "comna"  or  **  horns.'' 

In  the  human  species,  the  ovaries  consist  of  Graafian  follicles,  imbed* 
'  ded  in  a  somewtiat  dense  connective  tissue,  supplied  with  an  abnndsoee 
,  of  bloodvessels,  and  covered  with  an  opaque,  yellowish- white  layer  of 
V  fibrous  tissue,  called  the  "  albugineous  tunic."    Over  the  whole  is  a  layer  '> 
of  peritoneum,  whicli  is  reflected  upon  the  bloodvessels  supplying  the  , 
ovary,  and  is  continuous  with  tbe  broad  ligaments  of  the  uterus ;  hot  / 
which  elsewhere  is  closely  consolidated  with  the  albngineons  tunic      ^ 
The  oviducts  commence  by  a  wide  expansion,  provided  with  fHnged 
edges,  called  the  "  fimbriated  extremity  of  the  Fallopian  tube."    Hie 
Fallopian  tubes  themselves  are  narrow  and  convoluted,  terminating,  oo 
each  side,  in  the  upper  part  of  the  body  of  the  uterus.    The  body  of  the 
uterus,  in  tbe  human  species,  is  so  much  developed  at  the  expense  of  tbe 
comua,  that  the  latter  hardly  appear  to  have  an  existence,  and  no  trsee 
of  them  is  visible  externally.     But  on  opening  the  uterus,  its  cavity  is 

'  Opera  Omnia.    Francofarti,  1600.    ObservationeB  AnatomicB,  p.  43L 
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Been  to  Iw  somewhat  triaiignlar  in  bba])e,  its  two  superior  angles  running 
>ut  to  join  the  lower  extremities  of  the  Fallopinn  tubes.  This  jMjrtion 
evidently  consials  of  tin.-  cornua,  wiucli  liave  been  consolidate*!  with  the 
bofly  of  the  uterus,  tuid  euvelopwl  iij  its  thickeneil  layer  of  museiilar 
fibres. 

Fig.  229. 


— 4«j||    '—   J 
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tut>ei.    c.  Uodjr  vt  the  uterus,    d.  Uervls.    «.  Va; Ina. 


The  eavity  of  the  ho<ly  of  the  uterus  terminates  below  by  a  con- 
stricte<l  portion,  termed  the  os  iiitermun,  by  which  it  is  separated  from 
the  cervix.     These  two  cavities  are  not  only  different  from  each  other  i 
in  shape,  but  also  in  the  structure  of  their  mucous  membrane  and  in  the 
functions  which  tlii\V  jx^rform. 

The  mncotis  membruue  of  the  \mi\y  of  the  uterus  in  its  usual  condi- 
tion is  wuujoth  and  rosy  in  color,  and  closely  .idheretjt  to  tlie  subjacent 
muscular  tissue.  It  consists  of  tubular  follicles,  rauge<l  side  by  side, 
and  o[K'ning  by  distinct  orifices  upon  its  free  surface.  The  secretion  of 
these  I'olliclcs  i»  ilestiued  for  (he  nutrition  of  the  embryo  during  the 
earlier  i>eriods  of  its  formation. 

The  internal  surface  of  the  cervix,  on  the  other  hand,  is  raised  in 
prominent  ridjjes,  arranged  usually  in  two  lateral  sets,  diverging  from  a 
ctMitral  longitudinal  ridge;    presentinfi  the  aiipearance  known  as  the^ 
**  arbor  vitte  ulerina."     The  follicles  of  this  part  of  the  uterine  mucous  \ 
membrane  are  of  a  globular  or  sacdike  form,  and  secrete  a  tenacious    j 
mucus,  which   serves,  <luring  gestation,  to  block   up  the  cavity  of  the  / 
cervix,  and  thus  to  prevent  the  eseai>e  or  injury  of  the  egg.  / 

The  cavity  of  the  cervix  uteri  is  terminated  inferiorly  b}'  a  secontl 
constriction,  the  "  os  externum  ;"  and  below  this  curaes  the  vagina, 
which  constitutes  the  last  division  of  the  female  generative  passages. 

The  accessory  female  organs  of  generation  consist,  therefore,  of  dncts 
or  tubes,  b}-  means  of  which  the  egg  is  conveyed  from  within  outward. 
These  ducts  vary  in  the  degree  and  complication  of  their  development, 
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iu  ditTt^reot  kinds  of  animals,  at'conliHg  to  the  importatico  of  the  faDC> 
tion  wliich  tb«y  perforin,  in  the  lowt^r  orders,  they  serve  laaialv  tu 
convey  the  egg  to  tlie  exterior,  and  to  supply  it  more  or  less  »bttnd»Dliv 
with  HB  albtiininous  fiecretioii ;  while  in  tlie  mammalia  and  in  mfto,tLi:y 
are  adapted  to  the  more  important  otflce  of  rt^tniuiug  the  egg  during  tli« 
period  of  gcfiUitioTi,  and  of  |^ruvidillg  during  the  &ame  time  for  tlienouf- 
ishmciut  of  the  embryo.  '    '  '  *' 


E   SEMINAL  FLUID,   AND   THE  MALE   ORGANS   OF 
GENERATION. 

Tbb  mature  egg  ia  not  by  itself  capable  of  being  developed  into  ihe 
embryo.  If  simply  discharged  ft-om  ibe  ovary  an<l  carried  througU  the 
oviducts  to  the  exterior,  it  soon  dies  and  is  decomposed,  like  any  other 
portion  of  the  body  separated  from  ita  connections.  It  is  only  when 
fecundated  by  the  semimil  fluiil  of  the  mnle,  lliat,  it  is  stimulated  to  con- 
tinued development,  and  becomes  capable  of  more  complete  oi'goniza- 
tion. 

The  product  of  the  male  g'enerative  organs  is  a  colorless,  somewhat 
•\iscid,  albuminous  fluid,  containing  minute  filamentous  bodies,  the  »])er- 
mntozoa.  This  name  lias  been  given  to  the  liodies  in  question  on  ac- 
count of  their  exhibiting,  when  recently  discharged,  a  ver>'  active  and 
continuous  movement  suggesting  the  idea  of  an  independent  animal 
organization. 

Anatomical  Character*  of  the  Spermatozoa. — The  siK'rmatozoa  of  moo 
(Fig,  230,  a)  are  about  .046  millimetre  in  length,  accoriling  to  the  mea- 
surements of  Kblliker.  Their  anterior  extremity  presents  a  somewhat 
flattened  triangular-shaped  enlargement,  termed  the  "head,"  which  con- 
stitutes about  one-tenth  part  the  entire  length  of  the  spermatozoon. 
The  remaining  portion  i«  a  slender  fihimeiitous  prolongation,  called  the 
"tail,"  whirh  tapers  gradually  bni-kward,  beeomiug  so  exceedingly  deli- 
cate toward  its  extremity,  that  it  is  dilflc>iilt  to  be  seen  except  when  in 
motion.  There  is  no  further  organization  visible  in  any  part  of  the 
9])ermatozoon  ;  and  the  whole  appears  to  consist,  ao  far  as  can  be  seen 
by  the  raicrosco|i«,  of  a  homogeneous  substance.  The  terms  heatl  and 
tail,  as  remarked  by  Bergmann  and  Leuckart,'  are  not  U8e<I,  when  de- 
scribing the  different  parts  of  the  spermatozoon,  in  the  same  sense  as 
that  in  which  lliey  would  be  appli«^d  to  the  corresjionding  parts  of  an 
animal ;  but  simply  for  the  sake  <tf  convenience,  as  one  might  sijeak  of 
the  head  of  an  arrow  or  the  tail  of  a  comet. 

Ill  the  lower  vertebrate  animals,  the  spermatozoa  have  the  same  gen- 
eral form  as  In  man  •,  that  is,  they  are  filamentous  lK>die8,  with  the  ante- 
rior extremity  more  or  less  enlarged.  In  the  rabbit,  the  head  is  roundish 
and  flattened  in  shape,  somewhat  resembling  a  blood  globule.  In  the 
rat  (Fig.  230,  h)  they  are  much  larger  than  in  man,  measuring  nearly 
0.20  millimetre  in  length.     The  head  is  of  a  conical  form,  about  one- 


'  Vergleichende  Pbjsiologie.    Slultgart,  1852. 
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i\  iin» 
prenyl 


Fi^'.  231).  twentieth  tlie  whole  leuj"' 

tlje  filAnient,  and  oftf-u  sU. 
ciirve<i  at  its  anterior  exin  i; 
In  the  frog  and  in  r<  I>til^>  ^.> 
erally,  the  6|H'rmatozoa  ufr  I'  ti- 
ger thno  in  quadrape^lai  la 
Monobranchus,  the  gi'eat  Amer- 
ican water-lizard,  they  ar*  <vf 
very  unusual  size  (Fig.  iZ".  . 
nieasuring  not  less  tliati  "-" 
millimetre  in  length,  hIkhh  nn 
third  of  wliich  is  ».  • 
the  head,  or  eulargv 
of  the  filament. 

The  most  remarkaV'le 
nrity  of  the  8perrDatozo&,»s 
under  tlie  microscope,  is  tlwir 
rapid  and  energetic  niovemeriL 
lu  a  drop  of  fresh  semiual  fluid, 
if  kept  Bufflciently  nioist«fD«d 
and  at  its  normal  tenj|>eratiiTP, 
the  numberless  filaments  irilh 
which  it  is  crowded  are  s*-rfl  to 
Ite  in  a  state  of  incessant  mo- 
tion. Tn  many  species  of  »ni- 
mals,  the  movement  of  the 
mntozoa  strongly  resemhles  that  of  a  tadpole;  particularly  when,  ns 
the  manimiilia,  they  consist  of  a  short,  wflMeflned  bead,  followi>d  "by 
a  long  and  slender  tail.  The  taiUUke  filament  keeps  up  a  constant  Int* 
eral  vibratory  movement,  by  wliith  the  eperraatozoon  is  driven  from 
plaoe  to  place  in  the  sominnl  flnid,  as  a  fish  or  a  tadpole  is  pr<  i  "  ' 
through  the  water.  In  other  instances,  as  in  the  Triton,  or  water  1 
the  spermatozoa  have  a  continuous  writhing  or  epiral-like  movement; 
presenting  a  peculiarly  elegant  api>earance  when  large  nnmbers  are 
viewed  together. 

It  ia  this  movement  which  gave  origin  to  the  name  of  spcrmatoton, 
to  desigimte  the  filaments  of  the  sticrmatic  fluid.  But,  notwithstanding 
its  active  character,  and  its  resemVsIance  in  meclianifsm  to  the  locomo 
lion  of  certain  animals,  it  has  no  analogy  with  a  voluntary  act. 

The  sjiermatnzua  are  organic  forms,  produced  in  the  testicles,  and 
constituting  a  part  of  their  tissue;  just  as  the  eggs,  which  are  pnv 
duced  in  thu  oviirios,  natundly  form  a  part  of  the  texture  of  these  or- 
gans. Like  the  egg,  the  ei»crraatozoon  ia  destined  to  be  dischargo«l 
from  the  organ  where  it  grew,  and  to  retain,  for  a  certain  time  afli 
wani,  its  vital  properties.  One  of  these  properties  is  its  |»ower  of  mo 
ment ;  but  this  rloes  not  indicate  the  possession  of  inde]>endent  vitality 
anrl  is  not  even  necessarily  a  proof  of  its  animal  origin.     The  mo 
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tnent  of  a  spermatozoon  is  not  more 

crll,  or  that  of  tlie  ciliatod  zoospores  of  certain  fresh -wuter  ulga*.  It 
is  more  strietly  Hiinlo(;ous  to  the  motion  of  a  ciliaterl  (•pifhtliiim  eell 
when  <let:it'lu'(l  froiu  its  nineoiis  membrane,  which  will  wniiftiincs  con- 
tinue for  many  hours,  if  kept  under  favorable  conditions  of  temperature 
ami  moisture.  The  power  of  movement  manifcste<i  by  the  spcrinatozoa 
also  Continues  for  a  time  ntler  their  separation  from  the  rest  of  tlie  liody  ; 
hut  it  is  limited  in  duration,  and  after  a  eertnio  interval  comes  to  an 
end. 

In  ortlcr  to  preserve  their  vitality,  the  spermatoKoa  roust  be  kept  at 
or  near  the  normal  temperature  of  tlie  body,  and  preserved  fmm  the 
contact  of  air  or  other  unnatural  fluids.  If  the  scuiinal  tiuid  be  aliowi^d 
to  dry,  or  if  it  be  diluted  by  water,  in  the  case  of  birds  and  quaflrupeds. 
or  if  it  be  sMbjcete«l  to  extremes  of  heat  or  cold,  the  motion  ceases,  and 
the  spermatozoa  soon  bejrjn  to  disintegrate. 

Fi'fmaliim  o/lfic  Sjieruiafozoa. — The  8j)ermatozoa  are  produced  in  the 
interior  of  certain  glandular-looking  organs,  lUe  (i-eliclre,  which  are 
chanuiterialic  of  tlie  male,  as  the  ovaries  are  chnrncteristic  of  the  female. 
In  man  ami  tnainmidi.i,  tli<'  teHtieles  are  8olid,  ovotd-sha]>ed  boilie9,com- 
p<isc<l  of  long,  narrow,  convoluted  tuliea,  the  **  seminiferous  tubes,"  some- 
what similar  In  the  tiibnli  nriniferi  of  the  kidneys.  They  lie  for  the 
most  part  eloseh'  in  contact  with  each  other,  nothins^  intervening  between 
them  except  capillary  blo«Mlvessels  and  a  little  connective  tissue.  They 
couimeiiee,  by  rminded  extremities,  near  the  external  surface  of  the 
testicle  and  pursue  an  intricately  convolute<l  course  toward  its  central 
and  i)osterior  part.  They  are  not  strongly  adherent  to  each  other,  but 
may  be  reidily  unravelled  by  manipulntion. 

Acconling  to  the  invest ijrations  of  Kolliker,  the  formation  of  the 
spennatozoa  taki's  pl.-ico  within  |>eculiflr  cells  o<"cnpying  the  cavity  of 
the  seminiferous  tutM.'s.  Ah  the  age  of  puberty  approaches,  beside  the 
orrlinary  pavement  epithelium  lining  the  tubes,  other  cells  or  vesicles 
of  larger  size  uiake  their  appeflrance,  each  cnntainiug  from  one  tofifteen 
or  twenty  nuclei,  with  liucleoli.  In  the  interior  of  these  vesicles  sper- 
matozoa are  formed  ;  their  numlxT  corresponding  usually  with  that  of 
the  nuclei.  They  are  developed  in  bundles  of  from  ten  to  twenty,  held 
together  by  the  membranous  substance  surroundiug  them,  but  are  nl'ter- 
Ward  set  free  by  the  Itqiufactiitn  of  the  vesicle,  and  then  nearlv  fill  the 
cavity  of  the  seminiferous  ducts,  being  mingled  only  with  a  minute 
quantity  of  transparent  fluid. 

While  in  the  seminifertius  tubes,  the  spermatozoa  are  always  inclosed 
in  their  parent  vesicles;  they  are  liberated,  and  mingled  together,  only 
after  entering  the  rete  testis  and  the  head  of  the  epididymis. 

AccffKory  Male  Organs  of  Gmeration. — Beside  the  testicles,  which 
are  the  essential  parts  of  the  male  generative  apparatus, there  are  certain 
accessory  organs,  by  which  the  seminal  fluid  is  conveyed  to  tlie  exteric»r, 
and  mingled  with  various  secretions  which  assist  in  the  acciiii»|)liwhineut 
of  its  function. 
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Aa  the  8])erm  leaves  Ihe  testicle,  it  cun^ists  almost  entirely  of  ftpcmuirl 
tOZOA,  crowiU'ti  tugftlKM'  ill  uii  opaque,  white,  seini-fliiiU  innss,  wUich  tiUtj 
the  vnsa  crtl'iviilia^iuKl  (Usteiidrt  ihoir  cavities.  It  then  enters  Ihe  »itit;i| 
ilui-1  whieh  tViniis  tlie  lioily  junl  lowi-r  extremity  of  the  ejiifliclymis,  fi>l-J 
lovviiij^  ibe  long  ami  lortuous  euurse  nl"  this  luhe,  until  it  reaebes  tljc  si 
deferens ;  thioiigL  which  it  is cuu veyed  onward  to  the  veBiciila*  Mrmir 
Thrinisxhoitt  this  ciiurse,  it  is  mingled  with  a  seauty  mueuj»-like  fluid 
setrcttrd  by  the  walls  of  the  e|)ididy«iis  sind  vas  deferens.  The  vesieuli 
seminales  contJiin  also  a  glairy  fliiiil,  produeed  by  secretion  fruio  lli« 
walls,  whieh  serves  some  seeoudary  piu'ijose  in  cuupleting  the  forinatit 
of  the  sperm.  One  of  its  fuuetiona  is  no  doubt  to  dilule  the  mass 
spermatozoa,  .as  they  arrive  from  the  testicles,  anil  thus  allow  ll»c| 
liberty  of  motion;  us  well  as  to  increase  the  volume  of  the  seiuinid  fltiid 
and  enable  it  to  be  ex[ielled  by  the  musculnr  contractiun  of  the  p«rti 
about  the  urethra.  Kollfker  has  foMiid  that  the  sjierm.'itozoa  in  the  ^i 
deferens  .and  epididymis  are  generally  nuitioidens ;  nii»l  that  they  exUil 
their  eharacteristic  movements  only  in  the  ve*iculse  seminales  and  in  the 
ejaculaled  sperm. 

At  the  moment  of  the  final  evacuation  of  the  spertn,  it  first  piisMS 
from  ihe  vesieuhe  M-miuales  into  Die  prostatic  jiortion  of  the  un'lhi 
where  it  meets  with  tlie  secretion  of  the  prostate  gland,  which  is  tlw 
poured  out  in  iniiisual  ubuudance;  and  farther  on,  there  are  added  the 
secretions  of  Cowper's  ijl.ands  and  of  the  renuiining  mucous  f€>lUcleS' 
the  nrethra,  All  ihesi-  tluiils  increase  the  <piantity  of  the  .si)crni, 
serve  as  vehicles  for  the  transport  of  the  sperm:ito2o:i. 

NfceHKOry  Ci/iidih'iitit  of  Ft^cundntioii  by  the  St^minal  Fluid, — Tl 
are  several  eondilions  which  are  essential  to  the  successful  occomplii 
ment  of  the  act  of  fecundation. 

First,  the  spermatozoa   tnust  be  present  and  in    a    state    of  acti^ 
vitality.     Of  all  the  organic  ingredients,  derived  from  different  sour 
which  go  to  make  up  the  mixed  seminal  flniil,  as  discharge*!  from 
urethra,  it  is  the  sjtermatozoa  which  contitituLe  its  essciitial  part.     Tl 
are  the  true  fi-cnndittiiig  element  (jf  the  H|K?rm,  while  the  others  arr 
secomlary  importance,  and  perforin  only  accessory  functions. 

Spnllanzani'  found  that  if  frog's  sperm  l>e  passed  throufirli  a  huc 
sioii  of  filters,  so  as  to  separate  the  solid  from  the  liquid  portions, 
filtered  lluid  is  destitute  of  fecundating  properties  ;  while  the  spert 
tozon  entangled  in  the  filter,  if  mixed  with  a  sufficient  quantity  of  fli 
of  the  requisite  density  for  dilution,  may  stilt  be  successfully  xxaeiX 
the  artificial  impregnation  of  eggs.     It  is  well  known  that  nniinals 
men^  rifter  removal  of  liolh  testicles,  are  incaj>ablc  of  iinpi-egnating 
feniiile.  notwitlistanding  that  all  the  other  generative  organs  may  reuii 
uninjured.    The  seminal  fluid,  furthermore,  must  be  in  a  fresh  conditic 
so  that  the  spernmtuzoa  retain  their  anatomical  characters  and   th* 
active  movement.     The  experiments  of  IS])altanzani  h-ive  shown   thu 


'  E.xp^rieQCcs  pour  dervjr  k  rHistuire  de  lu  Generation,     Gcufeve,  1786. 
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if  the  above  cornlitiuna  be  preserved,  the  seiuinnl  rtuitJ,  removed  IVora 
the  sperrnsitic  duets  of  the  male,  is  cajmbte  of  fecimdrvting  the  eggs  of 
the  fi'inale.  Hut  if  nlluwcd  to  rerntiin  ex|jused  to  the  ntniosphtMv,  or  to 
an  umuitiini!  temjKTature,  it  becomes  inert.  So  h»ng  as  the  8|ierra!itozoa 
continue  in  active  motion,  they  are  usually  found  to  retain  their  {>hy8io- 
lugical  [>ro|)frti»'s  ;  the  cessation  of  tliis  niDVfrni'nt,  on  the  other  hand, 
being  a  sign  that  thi-ir  vitality  is  exhaustf<I,  and  that  they  are  no  longer 
capable  of  impregnsiting  the  egg. 

Secondly,  both  fggs  and  spennatozoa  must  have  arrived  at  a  certain 
degree  of  developnu-nt  before  fecundation  can  take  place.  Previous  to 
this  time  the  itinuature  eggs  arc  inca]mble  of  being  irajiregnated,  and  the 
imjK'rfectly  developed  spermatozoa  have  not  yet  acquired  their  fecun- 
dating power.  The  necessary  process  of  growth  takes  place  within  the 
geiKTsitive  orgniwj  and  whim  it  is  complete,  both  the  spermatozoa  of 
the  mule  and  the  eggs  of  the  female  are  ready  to  be  discliarged,  auil  are 
in  condition  to  exert  upon  each  other  the  necessary  influence. 

The  fecundating  power  of  the  spermatozoa,  when  fully  develo]»d,  is 
exceedingly  active.  Spallanzani  found  that  one-tifth  of  a  gramme  of 
the  seminal  fluid  of  the  frog,  diffused  in  water,  was  BUfllcient  for  the 
impregnation  of  several  thousand  eggs.  The  process  seems  to  be  ac- 
complisluHi  almost  instantaneously',  "  since  eggs  which  were  allowed  to 
remain  in  the  fecundating  mixture  for  only  one  second  proved  to  be 
impregnated,  and  were  afterward  hatchuel  at  the  uhuhI  perioil." 

Thirdly,  the  spermatozoa  must  come  into  direct  contact  with  the  egg 
or  iU  immediate  envelo|>e3.  Spallanzani  fir'st  demonstrated  this  by 
attaching  mature  eggs  to  the  concave  surface  of  a  watch-glass,  which 
he  plaeeiJ,  in  an  inverle<l  position,  over  a  second  watch-glass  containing 
fwish  senivnal  fluiil.  Thir  eggs,  allowed  to  reni:iiu  in  this  way  for  several 
hours,  exposed  to  the  vapor  of  the  flni<I  but  without  touching  its  surface, 
were  afterward  found  to  have  failed  of  impregnation  -,  while  others,  which 
were  actually  inuisleuetl  with  the  same  seminal  fluid,  became  developed 
inUt  living  tad[joles. 

Finally,  the  physiological  act  of  fecundation  is  accomplished  by  the 
entrance  of  the  spermatozoa  into  the  interior  of  the  egg,  through  the 
vitelline  raembrnne,  and  tlieir  union  with  the  sulistance  of  the  vilellus. 
This  fact  was  first  tibserveil  by  Martin  Barry'  in  the  fecimdated  egg 
from  the  Fallopian  tidie  of  the  rabbit.  It  has  subsequently  Iteen  seen 
by  New|iort'  in  the  frog,  by  Bischoff,  by  Coste,  by  Hobin*  in  a  species  of 
leech,  by  Flint'  in  the  pon<l  snail,  and  by  Weil,*  in  repeated  instance*,  in 
the  rnbliit.  According  to  some  of  these  observations,  the  mechanism  of 
|K'netration  is  by  means  of  a  natural  orifice  or  "  micropyle"  existing  in 

'  PhiJosophicttI  Transactions.     London.  1840.  p.  533.  sod  1S43,  p.  33. 

*  Philofiophical  Transactions,  18a3,  p.  271. 

*  Joiirnul  dc  la  Plipiologie  de  rHutntne  et  des  Animaux.  Paris,  1862,  totnc 
V.  p.  Wl. 

*  Physiology  of  Man,     Xc-w  York,  1ST4,  vol.  v.  p.  ,^,'>2. 

*  Strieker's  Medizioiscber  JahrbUchcr.     "Wieo,  li?73,  p.  18, 
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the  vitelline  incmbrnnc,  as  first  indicated  by  Bany.      In  otLera  no  nm\ 
orifice  Ims*  Ixtrii  visible;  the  spv^rmatozoa  appearing:  to  iH.TforaUf  the  wWj 
stauce  of  tbe  vitelliue  inL-inbniue  by  the  impulsive   movement  of  Uint 
filamentous  extrumiLy  (Newport).     Such  a  niode  of  |K'netration  is  no 
iiiadmiasibk',  siiice  Llie  luuch  larger  embryos  of  the   taenia  aud  tricluo 
(piige  675)  make  their  way  without  ditllculty  through  tlie  gnhstuuoi; 
the  intestinal  mucuurt  membrane. 

Alter  their  airivul  in  the  interior  of  the  vitelline  cavity^  the  sper 
tozoa  disappear  as  distinct  orgaiuc  elements.     Their  suhstance  unit 
witii  that  of  the  vitellus  ;  and  thenceforward  the  ftsciindated  ejjr 
sists  of  luaterialH  deriveil  from  iK'tli  the  inalc  aiul   feumie  or<raul9ni&| 
The  gri'iiter  [loilion  of  this  materitd  is  that  proflucetl    by  the  fetD&le| 
but  that  which  is  siipplie<l  from  the  Seminal  filuinciits  of  the  mivJe  ij 
equally   esseulial  for  the  production  of  an  embryo..      The  offsprini 
accordingly,  may  exhibit  reaemblunees  to  either   or  lioth  of  the  iu'li 
vidual  parents,  since  it  oHgi»ate-s  from  a  uniou  of  both    the  generatJT 
products. 

Uniitti  of  the  Sfxei^. — Fn  most  of  the  lower  animals  there  is  a  p«i 
odieal  development  of  the  testicles  in  the  male,  corresponding  in  tin 
with  that  of  the  ovaries  in  the  female.     As  the  ovaries  enlarge  and  tli 
eggs  ri^K'n  in  the  one  sex,  so  in  the  other  tbe  testicles  increase  in  sizr,  n1 
the  season  of  reproduction  approaches,  and  become    turg-id  with  sfrr- 
matozoa.     The  accessory  organs  of  generation  at  the  same  fl         " 
the  uniismd  imlivity  i*f  the  testicles,  and  become  increased  in  v.,  - 
and  ready  to  |RTfc.>rm  their  part  in  the  R^proilnctive  function. 

In  fishes,  us  a  general  rule,  where  tiie  testicles  occupy,  in  the  abdotni 
of  the  male,  the  same  relative  {K>sition  as  the  ovaries  in  the  fenaalo,  the 
organs  enlarge,  become  ilisU'inh-d  with  their  contents,  nu<l   project  int~ 
the  peritoneal  cavity.     Karh  of  the  two  sexes  is  then  ut  the  same  tir 
under  the  influence  of  a  corresijgnding  excitement.     The  unusual  <1 
velopment  of  the  reproductive  organs  reacts  upon  the  ^enerHl  syst 
and  produces  a  state  of  peculiar  excitiihility,  known  as  tlie  condition 
*' erethism."     i'he  female,  distended  with  eggs,  feels  the  stimulus  wide 
leads  to  tlietr  expulsion  ;   while  ttie  male,  bearing   the    weight  of 
enlarged  testicles  and  tiic  accumulation  of  newly«<levelope«i  sijermatozn 
is  impelled  by  a  similar  sensation  to  the  discharge  of  the  Kctninid  6a'ui 
The  two  sexes  are  led  by  instinct  at  this  season  to  frequent  the  8»i 
situations.     The  female  deposits  her  eggs  in  some  spot  favorable  to 
protection  and  development  of  the  young;  after  which  the  male,  atti 
rently  attracted  and  stimulated  by  the  sight  of  the  new-laid  ^<*9.  di 
charges  upon  them  the  seminal  fluid,  nuil  their  impregnation  ii^  accor 
plisheil.     It  is  in  this  way  that  fecundation  takes  place  in  nearly  all 
osseous  fishes,  as  the  trout,  the  salmon,  and  the  stickleback. 

In  instances  like  the  above,  where  the  male  an<l  female  gvneratii 
prwiucts  are  discharged  Heji.nrately,  the  subsequent  contact  of  the  semi 
nal  fluid  with  the  eggs  would  seem  to  be  dependent  on  the  oocurrcnc 
of  fortuitous  circumstances,  and  their  impregnation,  therefore,  liable  to^ 
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fnil.  But,  in  point  of  lacl,  the  fiimultuneoiis  ftim-tional  cxciteracnt  of 
the  two  sexes,  and  Ibe  operation  of  corr(.'H[)oiuliug  instincts,  landing 
thora  to  aseond  tlie  i^arae  rivers  and  to  frt'qnt'iit  the  same  sjiota,  provide 
with  BUtllcienL  cert.aiiity  for  the  impruguatiou  of  tlio  eggs.  Tlie  number 
of  eggs  produced  l>y  the  fcmalo  is  nlso  Vfry  large,  the  ovaries  lioing 
iiflon  so  distended  as  nearly  to  fill  the  abdominal  cavity;  so  thfit, 
altliongli  many  of  the  eggs  may  be  accidcntjilly  lost,  a  stifflcicnt  number 
vill  still  Ihj  impregnittiMl  to  provide  for  the  continuation  of  the  speeies. 

In  uiiiny  of  the  cuililaginous  fishes,  on  the  other  hand,  as  in  sharks, 
rays,  and  skates,  an  aetuiil  contact  takes  place  between  the  two  sexes  at 
the  time  of  ri'itroduotion,  and  the  seuiiu.'d  fluid  of  the  male  is  introdiieed 
into  the  genenitive  passa|;es  of  the  feni:ile.  Tbiis  the  eggs  are  feenmla- 
ted  while  still  in  the  body  of  the  female,  {ind  in  many  speeies  go  thnmgtj 
with  a  nearly  complete  development  in  this  situation  and  are  l>orn  alive. 

In  the  frog,  the  male  fastens  himself  u|>nn  the  back  of  the  female  by 
means  of  the  anterior  limbs,  whieh  retain  their  hold  by  a  kind  of  spas- 
iTio<lic  contraction.  Thi^  continues  for  one  or  more  days,  during  which 
time  the  mature  eggs,  which  have  been  discharged  from  the  ovary,  are 
passing  downward  (hrotij^h  the  oviducts.  As  1  hey  are  expelled  from  the 
anus,  iho  seminal  fluid  of  the  male  is  discharged  npon  them,  and  im|ueg- 
uation  takes  place. 

in  serpents,  liz;irds,and  turtles,  the  sperm  is  introduced  into  the  female 
generative  jmssago  at  the  time  of  copulation,  by  means  of  a  single  or 
douiile  erectile  male  organ.  Of  those  animals,  some  species  lay  their 
eggs  immpiliately  after  fecundation,  others  retain  them  until  the  embryo 
is  partly  or  fully  developed. 

In  birds,  the  6j»ermatozoa  are  introduced  into  the  sexual  ori6ce  of 
the  femnle,  an<l  iinike  their  way  into  the  upper  porti«)n  of  the  oviduct, 
where  they  may  be  foun<l  in  active  motion,  mingled  with  the  fluids  nf 
this  canal.'  The  vi  tell  us  is  thus  fecuntlated  immeiliatel^' npon  its  dis- 
charge from  the  ovary,  and  l)efore  it  has  Ijecorae  surrounded  with  the 
nlbutiiinotis  and  meinlininous  envelopes  BUpplie<l  by  the  middle  and 
lower  portions  of  the  oviduct. 

Lastly,  in  the  human  B}>ecie9  and  in  raamraidians,  where  the  impreg- 
natetl  egg  is  to  be  retained  in  the  bo<1y  of  the  female  pan?nt  during  the 
wliole  period  of  its  development,  the  seminal  flnid  is  intriKhiced  into  the 
vagina  and  uterus  by  sexual  congress,  and  meets  the  egg  at  or  soon 
afler  its  dischai^je  from  the  ovary.  A  close  com?spondence  between  the 
perio<l9  of  sexual  excitement,  in  the  male  and  the  female,  is  visible  in 
many  of  these  animals,  as  well  as  in  fish,  birds,  and  reptiles.  This  is 
the  case  in  most  species  which  prmluce  young  but  once  a  3'ear,  as  the 
deer,  the  wolf,  and  the  fox.  In  others,  such  as  the  dog,  the  rabbit,  and 
the  guinea  pig,  where  several  broo«ls  of  young  are  pro<lueed  during  the 
year,  or  where,  as  in  m.'in,  the  generative  epochs  of  the  female  recnr  nt 
fihort  intervals,  the  time  of  impregnation  is  comparatively  indefinite, 


'  Foster  ami  Ualfour,  Elemcuts  uf  Embryology.     Loudua,  1874,  p.  21. 
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and  the  generative  apparatus  of  the  male  is  almost  constantly  in  a  state 
of  Alii  development.  It  is  excited  to  action  at  particular  periods,  ap- 
parently by  some  influence  derived  from  the  condition  of  the  female. 

In  quadrupeds  and  in  the  human  species^  the  contact  of  the  sperm 
with  the  egg,  and  the  fecundation  of  the  latter,  take  place  in  the  gene- 
rative passages  of  the  female ;  either  in  the  uterus,  the  Fallopian  tubes, 
or  upon  the  surface  of  the  ovary;  in  each  of  which  situations  the  Bpa>- 
matozoa  have  been  found,  after  the  accomplishment  of  aexoal  inter> 
course. 


CHAPTER    V. 


ERIODICAL    OVULATION.    AND    THE    FUNCTION 

U  F    MENS  T  K  U  A  T 1 U  N  . 


I.  Periodical  Ovulation. 
Tub  peritKlieal  rip^niiiu;  of  tLu  eggs  and  their  discharge  from  the 
Bncrative  organs  cunslitiitf  tlie  pitict-.ss,  known  hy  tlie  name  of  "oviila- 
loii,"  wiiicli  may  hv  cunsitiei'L-d  as  llii!  ]iiimnrv  at-t  of  reproduction. 
|*he  fhnracti'risliu  plu-noiin^iiit  wliich  distii»irui>li  ilu'  perfnrmiuuT  of  fjiis 
mt'tidu  depend  u|k>ii  the  followiii*!;  general  laws,  wliieli  apply  witb  but, 
Ittle  Tarifltion  to  all  classt;^  of  aiiiuiul^. 

Ist.  Eijijx  exint  original  1 1/  in  /hi-  ornrieii^  an  part  of  their  natural 

trupfurf.     In  fish,  re|>lile«,  anrt  bird.s,  tlio  ovary  is  of  comparatively 

pimple  texture,  consisUiig  only  of  a  nmnl>er  of  Graafian  follicles,  united 

by  ail  intervening  stroma  of  loose  connective  tissue,  and  thus  aggre- 

Ued  into  the  form  of  a  rounded,  elonjrated,  or  lolnjlated  organ.     In  the 

lamtmdjum^  and  in  ninri,  il$  essenli;d  constitution  is  Llie  same;  but  its 

/uucetive  tist^ue  is  denser  and  more  abumlant,  and  the  figure  ti(  the 

rgan  is  more  com)mct.     Itut  in  all  classes  the  interior  of  each  Graallau 

)lliele  is  occupied  by  an  egg,  from  which  the  embryo  i«  afterward  pro- 

lueed. 

The  process  of  reproduction  was  formerly  regarded  as  essentially 
Hfferent  in  the  oviparous  and  the  viviparous  animals.  In  oviparous 
animals,  suci)  as  most  fi^^hes  and  reptiles  and  all  binls,  the  young 
anim:d  was  well  known  to  l)e  formed  from  an  eyg  pnMluce<l  by  the 
female ;  wliUe  in  the  viviparous  s[ieeie8,  or  those  which  bring  forth  their 
3-oung  alivef  as  ccilain  fishes  and  reptiles  and  all  the  mammalians, 
the  eralnyo  was  sup[Mjsi'd  to  ririginnte  in  tlie  bo<ly  of  the  fem.tle  in 
cousn'ipienee  of  sexual  intercourse.  lint  by  the  aid  of  the  niierosooj>e, 
as  employed  in  the  cxnminntioii  of  the  different  organs  and  tissues,  it 
was  subseriuently  foun<t  th:it,  in  mnmmnlians  also,  tiie  ovaries  contain 
oggs.  The  mammalian  eggs  had  previously  cscaiwd  observation  owing 
to  their  comparatively  simple  structure  and  tnintite  pize;  but  they  wore 
nevertlu'less  foimd  to  possess  all  the  essential  characters  belonging  to 
tlie  larger  eggs  of  the  oviparous  animals. 

The  true  ditference  in  the  process  of  repro<lu<'tion,  l>etweeri  the  two 
classes,  is  therefore  merely  an  ftp[)arent,  not  a  fundamentul  one.  in  the 
oviparous  fish,  reptiles,  ami  birds,  tlie  egg  is  discharged  by  the  fcm.ilo 
before  or  immediately  alYer  Impregnation,  and  the  embryo  is  subse- 
quently developed  and  hnteheil  externally.  In  quadrujKtls  and  in  the 
human  species,  on  the  other  hand,  the  egg  i«  retAtneU  within  tlie  body 
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of  the  foinulu  imlil  tbe  embryo  is  duvelojH-'d  ;  and  the  moniliranes 
ruptured   ami  the  young  ex|jelle«.l  at  the  same  time,     lu  all  cLums, 
viviparous  as  well  jis  uvipurous,  the  young  is  produced    from  au  rgg; 
an<l  in  all  flass-es  the  eyg,  somftimea  larger  and  Bonictimes  smaller,  hut. 
always  cnusisling  essentially  ol'  a  vitellus  and  a  vitelline   inuiubnuic,  isl 
contained  originally  in  the  interior  of  au  ovarian  follicle. 

The  egg  is  accordingly   au  integral  part  of  the  ovarian   tissue. 
exiHtw  there  long  l»efore  the  geiieralive  function  is  cstabli.slie«i,  und  dt 
ing  the  earliest  [K-riods  at'  lilc.     It  may  be  I'utmd  without  difficulty 
the  newly  born  I'eniule  infant,  and  may  eveu  be  detected   iu  the  fcpt'H 
before  birth.     Its  growth  and  nutrition  are  provided  for  in  the 
manner  with  thjit  of  other  portions  of  the  bodily  structure. 

2(1,    'I'lit'.  ovarian  ftjgg  hfvonie  more  fully  deiieluprd  at  a  Certain  flj 
vhen  the  generative  function  is  about  to  be  e9tablinhe<i<,     Duriitg  ll)« 
early  periods  of  life,  the  ovaries  and  iheir  contents,  like  many  otim 
organs,  are  imperfectly  developed.     They  exint,  but    they   are  as  yd 
inactive   and   iucapalde  of  pertbrming  their    H|)oeial  fiiiu-tion.     In  tlui^ 
young  chick,  for  example,  tlje  ovarj'  is  of  small  size;  and   the  egp*,] 
instead  of  presenting  the  voluminous,  yellow,  opaque  vitcllus  ■which  Ihi-r 
allerward   exhibit,  are  minute,   trannpnreiit,  an<l  colorless.     In  younjl 
(]U)idru[ieds,  and  in  the  human  female  during  infancy  and  childhoo'l,  tlial 
ovaries  are  equally  inactive.     They  are  small,  frialtle,  and  of  a  nesrljfl 
homogeneous  a|>pearance   to  the  naked   e3-c ;    presenting  none  of  tJiC 
enlarged  foltielen,  filled  with  transpareut  fluid,  which  afterward  becomtj 
a  chanicteristie  feature  of  the  organ.     Ai  this  time,  accortlingly, 
female  in  incapable  of  iH^aring  young,  l)eeause  the  ovaries  are  iiuictit 
and  the  eggs  which  they  cnntidn  immature. 

lint  at  a  certain  period,  which  varies  in  the  time  of  its  oocurrcnce 
different  sfRTies  of  animals,  the  sexual  H|i]iaratus  l)egins  to  enter  upon 
state  of  activity.      The  ovaries  increase  in  size,  an<l  their  circulation 
becomes  more  active.     The  eggs,  which  have  previously  remained  qoi' 
escent,  take  on  a  ra[)id  growth,  and  the  structure  of  tbe  vitcllus  il 
coriii)letcd  by  a  deposit  of  semi-opaque  granubir  matter  in  its  interior*] 
Arrived  at  this  htate,  the  eggs  are  ready  for  impregnation,  and  th€ 
female  becoracs  capable  of  bearing  young.     She  is  then  said  to  hjii 
arrived  at  the  state  of  "[luberty,"  or  that  condition  in  which  the  gene 
rative  organs  are  fully  <levelnpod.     This  change  is  accompanied  bv 
visible  alteratinn  iu  the  system  at  large,  which  imlicates  the  compki 
<ievelopment  of  tlie  entire  organism.     In  many  birds,  the  plumage 
sumei*  at  this  perio<]  more  varied  and  brilliant  colors  ;  and  in  tbe  comw 
mon  fowl,  the  <'omb,  or  "crest,"  enlarges  and  becomes  red  and  va^iCulHr. 
In  the  American  deer  (Cervus  virgiriauus),  the  coat,  which  during  thaJ 
first  year  is  mottled  with  white,  becomes  in  the  second  year  of  a  anifonaj 
tawny  or  reddish  tinge.     In  nearly  all  sp<'cies,  tbe  limbs  become  mom] 
compact  anrl  the  body  mnrc  rounded ;  and  the  whole  external  a|)(HfM 
ance  is  so  altered,  as  to  indicate  tliat  the  animal  has  arrived  at 
period  of  puberty,  and  is  capable  of  reproduction. 
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8d.  Succesniue  cropn  of  eggi<,  i»  the  adult  female,  ripen  and  are  dis- 
iharged  indepe.ndenlly  of  sexual  intercourse.  The  «^itiwiiijil  furmatiou 
eif  tlie  gtrm,  in  tlie  Ixxlioa  of  viviparous  animals,  was  furtncilv  sup- 
posed lu  be  a  coimt'qUfnce  of  sexunl  inlLM'course.  Evcin  alter  it  becaiiie 
known  that  the  ovaries  of  these  animals  (.'ontain  fggs  befoiv  impn-giia- 
tii>ii,  the  (liscliargi*  of  tiit'  egg  from  its  Ibilick'  wa.s  thought  to  inour  only 
uriikT  liie  intlut-dcu  of  t'cL'imdiititMi ;  utnl  the  riii)ture  of  a  folliele  wua 
consequt;utly  regardetl  as  an  imlicalioti  that  sexual  intercourse  had  taken 
plnt-e. 

lint  subsequent  observatiou  showed  that  not  only  the  existence,  but 
also  tlie  ripening  and  disehnrge  of  tlie  egg,  are  phi^noinena  dependent 
on  tne  structure  and  finicttoual  activity  of  the  female  organiwin.  In 
many  fish  and  reptiles,  the  mature  eggs  leave  the  ovary,  pass  through 
the  ovidiictH,  and  iire  disefuugiMl  externnlly  before  coming  in  contact 
wilh  the  seminal  fluid  of  the  mule.  In  tbe  thunestic  fowl  it  is  a  matter 
of  common  observation  that  the  hen,  if  well  supplied  with  nourishtncnt, 
will  continue  to  l:iy  fully  formed  eggs  wtth<mt  the  presence  of  tlie  cock; 
only  these  eggs,  not  having  been  fecundatcHl,  are  incaptdde  «>f  producing 
chicks.  In  ov  ipjinuis  :ininiiils,  therefore,  the  discbiirge  of  the  egg,  as 
well  us  its  formation,  may  take  place  independently  of  scxuiJ  inter- 
e«jurse. 

This  is  also  the  case  in  the  viviparous  qiindni()eds.  The  obsen-a- 
tious  of  BischoJf,  Poiichet,  and  Costo,  on  tlie  sheep,  the  pig,  the  bitcli, 
and  the  rabbit,  have  dctiionstrated  tli.nt  if  the  female  be  carefully  ke|>t 
from  the  male  until  after  the  {K'riotl  of  puberty  is  estalilished,  {inrl  then 
killed,  examination  of  the  ovaries  will  sometimes  show  that  (jranfian 
follicles  have  matured,  ruptured,  and  discharged  their  eggs,  though  no 
sexual  intercourse  has  taken  place.  Sometimes  the  follicles  are  found 
distended  and  pronduent  ii|)oa  the  surface  of  the  ovary  ;  sometimes  re- 
cently ruptured  aiul  collajised  ;  and  sometime!*  in  v.irious  stages  of  cica- 
trization and  atropliy.  BisehoM",'  in  several  instances  of  this  kind,  found 
the  unltnpregnatetl  eggs  in  the  ovi<luct.,  on  their  way  to  the  cavity  of 
the  uterus.  In  species  of  animals  where  the  ri(>einng  of  the  eggs  takes 
jilace  at  short  intervals,  as  in  the  sheep,  the  pig,  or  the  cow,  it  is  very 
rare  to  examine  the  ovaries  where  traces  of  a  more  or  less  receut  rup- 
ture of  the  (jraafiau  follicles  are  not  distinctly  visible, 

l>ne  of  the  most  importjint  facts,  derived  from  these  observations,  is 
that  the  ovarian  eggs  become  developed  and  are  discharge*!  in  succes- 
sive crop-*,  which  follow  each  (fther  at  pL>rio<lical  intervals.  In  the  ovary 
of  the  fowl  (Fig.  22fi),  it  may  be  seen  at  a  glance  that  the  eggs  grow 
and  ripen,  one  alter  the  other,  like  fruit  niKin  a  vine.  In  this  instance, 
the  ]>roeesa  of  evolution  i.^  rapi<l ;  and  it  is  easy  to  distinguish,  at  the 
same   time,  eggs  wliieli  are  almost  microscopic  in  size,  colorless,  and 

ans.p!»rent ;  those  which  are  larger,  somewhat  opaline,  and  yellowish 


'  MAmitirc  snr  la  chfttc  p^riodique  dc  I'cruf.  Annalcs  des  Sciences  Natarelleit, 
Pariii,  Auul — .SL-jjlembre,  1844. 
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in  hue  ;  and  Uniilly  those  which  are  fully  «Ievela[>ed,  opaqoe,  of  a< 
orange  color,  ami  nearly  rea«ly  to  It-ave  the  ovary. 

Here,  the  flifTerence  bt-tweeii  the  undeveloped  ami  the  mature  egg* 
consists  mainly  in  llie  size  of  the  vitellus,  which  is  very  tuucL  \Mipi 
than  in  the  qundrufXriiU.  The  ovurian  follicle  is  diatended  lod  ruptur 
and  the  egg  finally  discharged,  owing  to  the  pressure  exert**!  I»j 
iuerensHl  size  ul"  the  vitellus. 

in  man  and   iiiarnnialians,  oa  the  other  hand,  the   niicroscujiic 
never  becomes  large  enough  to  <Ustend  the  Grnafiaci   follicle  by^  it«< 
size.    The  ru[>ture  of  the  follicle  and  the  liherntiuii  of  the  egg  arei 
ingly  provided  foi',  in  these  iustiiuees,  by  a  ilitlerent  niechmii»ni. 

In  the  cjirlier  ))ei:<Mls  of  life,  in  man  and  the  muQiui:ilians,  the  egi^l 
contained  iit  a  {iraafiaii  follicle  which  ciosely  embraces  its  exterior. a 
is  consequently   hardly  larger  than  the   egg    iteelf.      As    puWrtj 
pronclicH,  the  fftllieles  situated  neiir  the  tree  surface  of  the  ovary  heenn 
eniargeil  by  the  accumulrttiun  of  seruus  fluid  in  their  cavity.     At 
time,  the  ovary,  if  cut  open,  shows  a  couBiilerable  number  of  globuh 
traiiRparent  veKicles,  the  sinnller  of  which  are  deep  seated,  but  whk 
increase  in  size  as  they  approach  tlie  free  surface  of  the  organ.     Tl 
are  the  (iraaliiui  ft)llieles,  which,  in  eonsecpieuce  of  the  advancing 
rity  of  their  eggs,  graduully  enlarge  at  the  arrival  of   the  |K*riiKl 
generation. 

The  (iraafian  folliele  then  consists  of  a  cloned  globular  snc,  the  ext 
nnl  wall  of  which,  though  quite  translucent,  has  n  tibroim  texture, an<il 
well  supplied  with  bloodvessels.     This  tibrous  and  vascular  wall  is  i 
tingiiishc'd   by  the  name  of  the  "  vesicular  nien]!)rane."     It  is  uot 
firm  in  texture,  and  if  rougldy  handled  is  easil^v  ruptured. 

The   vesicular  membrane  is  lined  throughout  l>v  a  layer  of  mini 
granular  cells,  which  form  for  it  a  kind  of  e])itheliuni.      This  iMtirl 
tcnned  the  innmbrana  granvlona.     It  adheres  liiit  slightly  to  the  v« 
lar  meudirarie,  and    may  easily  lie  detached   by  careless    manipulat 
belorc  the  follicle  is  opencii,  being  then  mingled,  in    the    form  of  li| 
flakes  and  shre^ls,  with  the  serous  fluid  contained  in  its  interior. 

At  the  most  8ij])erriciftl  i)art  of  the  (Jniafian  follicle  the  tnombr 
granulosa  is  thicker  thnn  elsewhere.  Its  cells  are  here  accumulated  i 
a  kin<l  of  mound  or  "heap,"  which  hns  received  the  name  of  the  cumu- 
Itis  profigcrus.  It  is  also  calletl  the  diiicus  prultgcrus  because  tbt 
thickened  mass,  when  viewed  from  alvove,  has  a  nearly  circular  or  disk- 
like  foiTU.  In  the  centre  of  this  tliickencfl  portion  of  the  meinbrani 
granulosa  the  egg  is  imbedded.  It  is  accordingly  always  situated; 
the  most  superficial  jiortion  of  the  follicle,  and  advances  in  this 
towaril  the  surface  of  the  ovary. 

As  the  j)eriod  approaciies  at  which  the  egg  is  to  l>e  discharged 
Graafian  fnllielc  becomes  more  vas^cular.  nnd  enlarges   l)y  an   inci 
exudation  into  its  cavity.     It  then  begins  to  project  from   tiie  soi 
of  the  ovary,  still  coveretl  by  the  albugiueous  tunic  and   its   nentoni 


■j-vestmenL  (Fig.  231.)     The  eoiistaiit  acuuuiulatiun  of  flukl  in  tlie  fol- 
licle exerts  such  a  pressure  from  witUin  outward,  tbat  the  albugineous 

Fig.  231. 
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llciue  of  the  ovnrjr. 

tunic  and  the  peritoneum  n^aduRlly  yield  before  it;  until  the  Graafian 
follirle  protnides  from  tbe  ovary  as  a  ten»e,  rounded,  translucent  vesicle, 
in  which  fluctuation  can  l«f  n-ndily 

IKTCcived  on  .tp|iIyiiiLf  tiit'  fingers  8-  ■^**' 

to  its  surfiicf.     Filially,  the  pro-  a 

ci'Ps  of  efTiKsinn  and  (iist^nsion  still 
going  on,  Ihe  wall  of  the  vesicle 
yields  al  its  most  pioniim-nt  por^ 
tion,  the  eontnitiifl  fluid  is  driven 
out  with  a  gueh,  by  the  elastic  re- 
action of  the  ovarian  tissue,  carry- 
ing with  it  the  e^g,  still  cntflnjfled 
in  the  cella  of  the  meuibrana 
gT.inuloaa. 

Tiie  rupture  of  the  Oranfinn 
follicle  is  acpompnnit'd,  in  sinne 
hiJ^tances,  by  hfmorrlintie  from  its 
internal  sdrfture,  by  which  ita  cavity 
\a  tlllfil  with  blood.  This  occurs  in  the  human  species,  also  in  tho  pig, 
and  to  some  extent  in  several  other  of  the  lower  animals.  Sometimes, 
a<i  in  the  cow,  where  no  immediate  hemorrliajre  takes  place,  tlie  Graaflnn 
follicle,  wlien  rupture<l,  sim|>ty  ctdlapses;  after  which  a  slifrht  exu<lalion, 
more  or  less  tinged  with  bloml,  is  poured  out  during  the  course  of  a 
few  hoard. 

Tlija  process  occurs  in  one  ormore  Graafian  follicles  at  a  time, according 
to  the  number  of  young  profluced  at  a  birth.  In  the  bitch  and  the  sow, 
wbiTe  each  litter  consists  of  from  six  to  twenty  younji;  ones,  a  similar 
niiinlH.'r  of  eggs  rii)cn  and  are  discharged  at  each  period.  In  the  mare, 
in  the  cow,  and  in  tbe  human  female,  where  there  is  usually  but  one 
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fwtns  at  a  htrtli,  Uic  eggs  are  nmiureti  singly,  and  Ibe  Graafian  follii 
riiptiired,  one  after  tlie  other,  at  successive  periods  of  ovulation. 

4tli.  I'he  ripening  and  dischanje  of  the  egg  are.  accompanied  6y  a 
culxar  cunditiun  <>/  the  geitt-ral  Kyutem,  known  an  (he  "  rutting*'  condili 
or  ** o*.*<n*a/ joAi."     The  coiigesti<m  and  functiomil  uctivity  manifested 
the  ovaries  at  each  j^fcriod  of  ovuhttiou,  act  liy  sympathy  ujMjn  the  i>i 
generative  organs  und  produce  in  tbem  a  greater  or  les»  «U-give  of 
oitemcnt,  according  tu  tin.-  ]j«rtifidar  sixicies  of  animal.      Usuidly  tin 
is  a  certain  amount  of  congchtiun  of  tlie  entire  generative  apparati 
The  secretions  of  the  vagina  and  neighboring  parts  are  more  particid 
artefted,  hoirig  intTcnstd  in  iiuantity  ami  altered  in  quality*.      In  the  lii 
the  vaginal  uuieons  niemlirane  liecomes  red  and  tuuietied,  and  |>ours 
a  secretion  which  is  more  or  less  tinged  with  blood.     The  vaginal 
tions  acquire  at  this  time  a  peculiar  o<lor,  which  api^enrs  to  attract 
male,  and  to  excite  in  bim  the  scxnal  impulse.     An  unusual  tumeractloa 
ftmi  redness  of  the  vagtnn  ami  vulva  are  also  jiereeptible  in  the  »  ' 
and  in  some  species  *yf  apes  tiiere  is  not  only  a  blootly  discbur<;'    i 
the  vulva,  but  also  an  engorgement  and  infiltration  of  the  neighboring 
parts,  extending  to  the  skin  of  the  buttocks,  tiic  thighs,  and  the  urn 
part  of  the  tail.' 

Tlie  system  at  large  is  also  visibly  art'ecte<l  by  the  process  going 
in  the  oigans  of  generation.  In  the  cow,  the  approacii  of  an  a?8t 
perioil  is  markitl  by  unusual  restlessness.  Tlie  anininl  partially  lows 
her  appetite.  She  frerpiently  stops  browsitig,  lo<iks  about  nnea&ily.  runs 
from  one  side  of  the  ficM  to  the  other,  aiul  then  recommcnoes  feeding,  to 
be  disturbed  again  in  a  similar  maimer  after  a  short  int«rTal.  The 
motions  are  rapid  and  nervous,  and  the  hide  often  rough  and  disord.  r.  ' 
and  tlie  whole  aspect  of  the  nnimal  indicates  the  presence  of  some  >^\^- 
excitement.  After  a'stiUHtioii  is  I'ully  estahlished,  the  vaginal  secretion* 
show  themselves  iu  unusual  abundainv,  and  so  continue  for  one  or  two 
days ;  after  which  the  symptoms  subside,  and  the  animal  returns  to  bcT 
usual  condition. 

It  is  a  noticeable  fact,  in  this  connection,  that  the  female  of  tUcv 
animals  will  allow  the  approach  of  the  male  only  dnring  and  imraiili- 
ately  after   the   tt'strual  period;  that  is,  when   the  egg  is   recent'     " 
charged,  and  reatly  for   im(H-egnation.     At  other  times,   when    - 
intercourse  would   be  necessarily  fruitless,   the  instinct    of  the  .'n 
leads  her  to  avoid    it;  and  the  concourse  of  the  sexes   is  acconbiit:  - 
made  to  cori-espotid  iu  time  with  the  maturity  of  the  egg  and   it«  aj 
tude  for  fecundation. 


ftpti- 


H.  Menatrtiatioii. 

In  the  human  femnle,  the  return  of  the  period  of  ovulation  is  rvarkt 
by  a  group  of  phenomena  which  are  known  as  menxtrnation^  and  which 
are  of  auflflcient  importance  to  bo  descrihed  by  themselves. 


'  Pouclift,  Thforie  positive  de  I'ovulatioD.     Paris,  1847.  p.  230^ 
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During  infancy  and  ehildhood  the  sexual  system  is  inftctlve.  No  dis- 
clmige  of  eggs  takus  pluet'  from  tliL-  ovaries,  and  no  external  phenomena 
show  themselves,  coniiecled  with  the  rejiroiluctive  fiinetiun. 

li«t  at  tile  age  oi'  fonrtecu  or  fifteen  yeiirs,  a  ebatige  hegins  to  mani* 
fest  itself.  The  limbs  hecoine  rounder,  thu  l»roasts  iuerease  in  size,  and 
the  entire  a8{KH?t  uudergrjes  a  {K-enliar  aJteration,  whieli  imlieates  ap- 
proaching nialnrity.  At  the  same  lime  a  discharge  of  hlood  lakes  plat^e 
from  the  generative  pnssngi's,  aceonipaiiied  by  Borne  disturbance  of  the 
general  system,  and  the  I'emale  is  then  known  to  have  arrived  at  the 
period  of  pnberty. 

Afterward,  the  bloody  discharge  returns  at  reguluc  intervals  of  fonr 
weeks;  and,  on  jiccuuul  of  this  recurrence,  eorrewponding  with  succea- 
Bive  lunar  months,  its  phenomena  are  designated  by  the  name  of  the 
*'  menses"  or  the  "■  menstrual  periods."  The  menses  return  with  regu- 
larity-, from  the  time  of  their  Ijrst  appearance,  until  the  sge  of  about 
forty-five  years.  During  this  period,  the  female  is  capable  of  bearing 
children,  and  tiextinl  intercourse  is  liable  to  be  followed  by  pregnancy. 
Aller  the  forly-Iillh  year,  the  p*Tiods  first  become  irregular,  and  then 
cease  altogether;  and  their  final  disappearance  is  an  indication  that 
pregnancy  cannot  again  take  place. 

During  the  i)erio<l  above  referred  to,  from  the  age  of  fifteen  to  forty- 
five  years,  the  regularity  and  completeness  of  the  mctistnial  [x-riods 
indicate  to  a  great  extent  the  aptitude  of  individual  females  for  im- 
pregnation. All  causes  of  ill  health  which  derange  menstruatiou  are 
apt  at  the  same  time  to  interfere  with  pregnancy;  so  that  women  whose 
menses  are  regular  and  natural  are  mon;  likely  to  Ixfcome  pregnant, 
after  sexual  intercourse,  than  those  in  whom  the  periods  are  absent  or 
irregular. 

II'  pregnancy  happen  to  take  place,  however,  at  any  time  within  the 
noritinl  jieriod,  the  menses  are  suB[)eniled  during  its  continuance.  Tljey 
usually  remain  absent,  after  delivery,  until  the  eii<I  of  lactation,  when 
they  recommence,  and  continue  to  recur  at  their  regular  periods,  as 
Ik*  fore. 

The  menstrual  discbarge  consists  of  mucus  mingled  with  blood. 
W!ii*n  the  iktIihI  is  about  to  come  on,  tiie  female  is  affected  with  a 
certain  degree  c»f  discomfort  and  lassitude,  a  sense  of  weight  in  the 
pelvis,  and  more  or  less  disinclination  to  society.  These  symptoms 
are  in  some  instances  slightly  pronounced,  in  others  more  troublesome. 
All  unusual  disrlinrge  of  vaginal  nuu-ua  tlien  begins  to  take  place,  soon 
becoming  yellowish  or  rusty  brown  in  color,  from  the  admixture  of  a 
certain  proportion  of  blood;  and  by  the  second  or  third  day  the  dis- 
charge has  the  appearance  of  nearly  pure  bloo<l.  The  aopleasant  sen- 
sations, at  first  manifest,  then  usiially  subside;  and  the  discharge,  after 
continuing  for  two  or  three  days  longer,  grows  more  scanty.  Its  color 
changes  from  red  to  a  brownish  or  rusty  tinge,  until  it  finally  di8a|>- 
pears  altogether,  an<l  the  period  com^s  to  an  en<i. 

The   menstrual  epochs  of  the  human  female  correspond  with   the 
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periods  of  oBslruntioii  in  the  lower  animals.  Their  general  resembboioe 
to  these  ]ienofla  is  %*ery  evident.  Like  them,  they  arc  absent  in  the 
imnialiire  fi'innle,  niid  lu'gin  to  take  jilace  only  at  the  jx'riod  of  pulwrty, 
■nhi-n  the  aptitude  for  imtuvgnfltirm  commeuces.  Like  them,  they  tWar 
during  the  ehilil-ht'iiring  perind  at  regidar  intervals,  and  are  lisMr  to 
the  same  interruption  by  pregnane).  Finally,  their  disupju-arnuut 
corresponds  with  the  cessation  of  fertility. 

The  periods  of  a'strualion,  in  many  of  the  lower  animnls,  are  acfotn* 
panied  with  an  nmisiiMl  discharge  from  the  generative  pa-ssaces,  fns 
qiiently  more  or  less  tinged  with  Mooil.  In  the  human  frmale  tba 
bloody  discharge,  tliough  more  abundant  than  in  other  instances,  dlfl«n 
only  in  degree  from  that  in  many  speeies  of  animals. 

lint  the  moRt  conipletv  evidence  that  the  ])erio<l  of  nienstmation  Uia 
reality  that  of  ovulation,  ia  derive<l  from  the  results  of  <lirect  obeerri- 
tion.  A  snSiciont  nnmher  of  instances  have  hecn  observed  to  show  tliat 
at  the  menstrual  e|Kieh  a  Graafian  follicle  becomes  enlargwl,  ropttttei, 
and  dischargis  it«  egg.  Cruikshank'  noticed  such  n  ease  so  long  ago 
as  nU7.  N^grier"  relates  two  instances  in  whieli,  after  sud<len  doath 
during  menstruation,  a  bloody  and  ruptured  Graafi:ui  follicle  was  fotuxl 
in  the  ovary.  iJiscboft''  speaks  of  fonr  similar  cases,  in  three  of  which 
the  folliek'  wa«  just  ruptured,  and  in  the  fourth  disten<le<l,  prominent, 
and  rea<ly  to  burst.  Ooste*  met  with  several  of  the  same  kind.  Miclml* 
found  a  follicle  ruptured  and  filled  with  blood  in  a  woman  who  wm 
exeeuted  Tor  murder  while  the  menses  were  present.  Two  instaiioca 
ore  reported  by  Letbeby,"'  in  women  who  <lied  while  nnder  oboerraticii 
in  the  London  hospitals,  in  one  of  which  he  succeeded  in  finding  U* 
ovum,  wliifh  liud  been  expelled  from  the  ovary,  in  the  contents  of  the 
corresponding  Ftdlopian  lul>e.  We  have  also  seen  a  Graafian  foOicUi 
recently  ruptured  and  filled  with  blood,  in  a  woman  who  died  on  the 
second  day  of  menstruation. 

Ovirlation,  accordingly,  in  the  human  female,  accompanies  antl  fonaa 
a  part  of  nienstrnntion.  As  the  mi-nstruai  period  comes  on,  a  eonce*- 
tion  takes  place  in  nearly  the  whole  of  the  generative  apparatus;  in  tht 
Fallopinn  tubes  and  the  uterus,  as  well  as  in  the  ovaries  and  their 
contents.  One  of  the  Graafian  follicles  in  especially  the  seat  of  vascutAT 
excitement  It  becomes  distended  by  the  fluid  accumulated  in  its  cavity, 
projects  trom  the  surface  of  the  ovary,  and  is  finally*  ruptured  ;  tlM 
process  taking  |)!ace  cHsentiidly  in  the  same  manner  as  in  the  uiamm.aIiAa 
animals. 

It  is  not  certain  at  what  particular  period  of  the  menstrual  flow  llic 
rupture  of  the  follicle  and  discharge  of  the  egg  take  place.     AecorJiui; 

'  Philosophical  Trnnanctinns.     London.  itOT,  p.  13S. 

•  Rpc-hprches  snr  Ics  Ovnirps.     Paris,  IH40.  p.  18. 

'  j\riiiak'!»  ties  Sriniices  NaUirdloH.     Paris,  AoOt,  1844. 

•  Ilistuirp  ilu  I)^vi'Iri]>[ieiiient  (k's  Corps  Organises.    PurJH.  1847,  tome  i.  p. 22L 
'  Anu'ricuu  Journal  of  the  Medical  Bciencp*.     Philadelphia,  July,  184& 

•  Pbilosophiciil  Trtttisactioan.     London,  1852,  p.  57. 
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to  the  oliservfttions  of  HiscliufT,  Pouchot,  and  Raciborski,  the  regular 
time  fur  litis  nijitiire  and  iliscLinrge  in  uot  at  ttie  cummL-iici'riient,  luil 
towuril  tlie  tiTiiiitiatiun  of  tlie  period.  Aceortling  lo  tbotte  of  Costt*,' 
the  fulliclu  nijjturfH  tiuinittiiiiL'H  iii  the  cnrty  part  of  the  ineiiHtruiii  epoch, 
Bonictimes  later.  So  far  as  we  can  learn,  therefore,  the  precise  periini 
is  not  invarial'le.  Like  the  menses  tlit-mselves,  il  may  take  pU^ce  a 
little  earlier,  or  a  little  later^  acconling  to  cjieunistauces  ;  but  it  alwa3'8 
o^^curn  in  cotineetiun  with  the  menstrual  Bow,  and  constitutes  the  esseO' 
tial  part  of  the  catauiciiial  process. 

Tlie  egg,  wht-n  diseharyed  from  {lie  ovary,  enters  the  fimbriated 
extremity  of  tfit'  Fallo]ii!in  tube,  and  counneucea  its  pas^sage  toward 
the  uleius.  The  mechanism  by  wlucJi  it  linils  its  way  into  and  through 
the  Fallopian  tube  is  diUerent,  iit  {iua<lrujK.'dH  and  the  htunan  species, 
and  in  birds  and  reptile!*.  In  tlic  latti-r,  the  htilk  of  the  egg  or  eggs  i* 
BO  great  as  to  fill  or  even  to  distend  the  cavity  of  the  oviduct;  and  the 
mass  is  aecnrditigly  embracctl  by  the  muscular  wall  of  the  canal  and 
carried  downward  by  its  peristaltic  action.  In  tbe  mammalians,  on  the 
other  hiUKl,  the  egg  is  niicrosco[)ie  in  size.  Tlie  wide  extremity  of  the 
Fallopian  tube,  directed  toward  the  ovary,  is  lined  with  ciliated  epithe- 
lium ;  and  the  movement  of  the  cilia,  which  is  from  the  ovarj'  toward 
the  uterus,  produces  a  kind  of  vortex,  by  which  Ihe  egg  is  drawn  towanl 
the  narrow  portion  of  tlitj  tnln^,  and  thenc«  conducted  lo  the  cavity  of 
the  uterus. 

Accidental  causes  may  sometimes  disturb  the  regular  conrse  of 
passage  of  the  egg.  It  may  be  arre8t4'd  at  the  surface  of  the  ovary, 
ami  thus  fail  to  enter  the  tube  at  all.  If  it  l>e  fecundated  and  go  on  to 
partial  development  in  this  situation,  it  will  give  rise  to  "ovarian 
inegnanc^'."  The  egg  may  escape  from  the  fimbriated  extremity  of  the 
F^allupian  tube  into  the  peritoneal  cavity,  and  form  attachments  to  a 
neighboring  organ,  causing  "•abdominal  jircgnancy ;"  or  tinally,  it  may 
stop  in  some  p^trt  of  the  Fallopian  tube,  and  so  give  origin  to  **  tnbul 
pregnancy." 

The  egg,  immediately  upon  its  discharge  from  the  ovary,  is  ready  for 
impregnation.  If  sexual  intercourse  take  place  about  tliat  time,  the 
eyg  and  the  spermatozoa  meet  in  some  part  of  the  femitle  generative 
passages,  and  fecundation  lA  accomplishe*!.  It  appears  from  the  obser- 
vations of  Hisehoff,  Coste,  and  Martin  Harry'  upon  rabbits,  that  the 
contact  tietween  the  egg  and  the  spermatozoa  m.ay  take  place  either  in 
the  uterus  or  any  |>art  of  the  Fallo|)ian  tul)es,  or  even  upon  the  surface 
of  the  ovary.  If,  on  the  otiier  hand,  sexual  coitus  do  not  take  place, 
the  egg  passes  down  to  the  uterus  unimpregnat«d,  loses  its  vitality  after 
a  short  time,  and  is  carried  away  with  the  uterine  secretions. 

It  i's  easily  uiideislutJHl,  therefore,  why  sexu.il  intercourse  should  lie 
more  liable   to  be  Ibllowed   by   pregnancy  when  occurring  about   the 


'  ITijitoirf  da  rt^vehipjicinent  des  Corps  Orjrnnisfs.    Paris,  184",  tome  i.  p.  22L 
'  PhilosuphicttI  Trunsacuons.     London,  1839.  p.  315. 
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menstrnnl  epoch  tlmn  at  other  times.     This  fact,  cstnblishcnl  ns  a  nsttrr 
of  observation  by  |»r.ietical  obstetnciana,  deiU'Uila  Upou  the  coindJeocr 
in  time  between  the  fx-curreuce  of  menstruation  and  the  »lischargi.'of  iht 
egg.     Before  iLsfliscbar^e,  the  egg  is  iinuiatiire,  an<l  until  fur  impn'ofn*" 
tion;  ami  alter  tbc  mt-nstrutU  [wriod  ha3  ])aiis<.-d,  it  lose*  its  fn-^bnnt 
and  vitality.     The  i-xaft  leiigtli  of  time,  preceding  an<l   foUowiitg  the 
menses,  dniing  which  impi'egnation  is  possible,  has    not  bern  aMxt- 
lained.     The  »iH'riii.'itozo;i,  oti  the  one  iiaud,  rt'taiu  their  vilidity  forsii 
unknown  piTiod  n Iter  coition,  ami  the  egg  for  an   uukuown  i»crioi|  att--- 
its  discharge^     Both  these  oceun"ences  may  either  precede  or  r>U. 
each  other  within  certain  limits,  and  impregnation  may  still  take  pla- 
but  tlie  jireeise  extent  of  these  limits  is  uncertain,  and  is  probnbl}  m.  ; 
or  less  variable  in  dirten-nt  in<livldiials. 

The  abijve  facts  indicate  the  trnc  explanation  of  certain  exceptiotui 
cases,  in  which  fertility  exists  without  menstruation.  Various  Bfltlicr 
(Churchill,  Reid,  Vcl|>('.an)  have  related  instances  of  fruitful  women  m 
wliom  the  mmses  were  scanty  ami  irrciiular,  or  even  entirfly  «l>*ciil 
The  menstrual  flow  is  only  the  external  accompaniment  of  a  n»or<- 
important  proccps  Inking  phice  within.  It  is  habitually  scanty  in  f.i»mt 
individualK,  and  abutidaiit  in  others.  Such  variations  depend  U|>on  Uk- 
condition  of  vaseulur  activity  of  the  system  at  large,  or  of  the  ultriM 
organs  in  particuhir;  and  though  the  bloody  discharge  is  usnaJly  sn 
index  of  the  general  aptitnctc  of  these  organs  for  impregnation,  it  it 
not  an  absolute  or  indispensable  requisite.  Provided  a  m.-tture  egj;  h» 
disciiitrgid  from  the  ovury  at  the  appointed  period,  mens.truation  propork 
speaking  exists,  and  pregnancy  is  possible. 

The  b]oo<l  wliich  escapes  during  the  menstrual  flow  ia  sMpptiefl  bv  llir 
uterine  mucous  memlirane.  If  tlie  cavity  of  the  uterus  Ik.-  examined 
alter  death  during;  uieustniation,  its  internal  surface  19  found  sroeand 
with  «  sanguineous  fluict,  which  m:iy  be  traced  through  the  atcrine 
cer\*ix  into  the  vagina.  The  Fallopian  tubes  are  sometimes  conge»tMl, 
and  filled  with  a  similar  bloody  dJs<-h!irge.  The  menstruid  )»]ood  hns 
also  been  seen  to  exuile  from  the  nUrine  orifice  in  cjises  of  proi*ideDti« 
uteri,  as  well  as  in  the  natural  condition  by  examination  with  \kt 
vaginal  speculum.  It  ia  discharged  by  a  kind  of  capillary  hfrnorrhagd 
and,  as  a  general  rnle,  does  not  form  a  visible  coaguluni,  owing  to  its 
'^ing  grailually  exuded  from  many  mimUe  ]ioint8,  and  mitigUHJ  with  I 
large  quantity  of  mucus,  Wlien  {toured  out  more  rapidly  or  in  largrr 
quantity  than  usual,  as  in  mcnorrhagia,  the  menstrual  blood  eonguiiile* 
in  the  same  manner  as  that  derived  from  other  sourct-s.  Its  disehar|re 
takes  place  from  the  whole  extent  of  the  raucous  membrane  of  the  bodr 
of  the  uterus,  and  is,  at  the  same  time,  the  consequence  and  the  batttraJ 
UMmination  of  the  periodical  congestion  of  the  parts. 


CHAPTER    VI. 


THE    CORPUS    LUTEUM,   AND    ITS    CONNECTION 
W  I  'I'  H    MENSTRUATION    AND    PREGNANCY. 


After  tlie  rupture  of  tlie  Graafian  follicle  nt  the  nieiistnial  period,  a 
Idoorly  cavity  is  Itfl  in  the  ovary,  which  is  siibseqiieutly  oliHterated  by 
!i  kiml  of  grnnulating  process,  suinewhut  similar  to  the  benliiig  uf  an 
abscess.  The  office  of  the  Griiaflan  follicle  is  to  provide  for  the  forma- 
tion and  growth  oT  the  egg  within  the  ovary.  Alter  the  ripening  and 
discharge  of  the  egg,  the  Grnafittu  follicle  has  no  longer  any  function  to 
licrfrnm.  It  then  only  reninins  for  it  to  pa«s  through  a  process  of 
oliliterntion,  hh  an  organ  whieli  Una  become  obsolete.  While  undergoing 
this  process,  the  Graatisni  follicle  is  at  one  time  converted  into  a  i>eeu- 
liar,  solid,  spheroidal  bmly,  called  the  corpus  luleuvi;  a  name  derive^! 
from  thc^'etlow  color  which  it  acquires  at  a  certain  period  of  its  forma- 
tion. 

In  different  species  of  mammalians,  the  corpns  tutenm  ia  characterized 
by  certain  iwonliarities  of  size,  color,  rapidity  of  growth,  and  di8apj>ear- 
ance,  whicli  are  distinctive  for  each  particular  kind  of  animal ;  although 
the  general  process  of  its  formation  and  atrophy  is  the  same  in  all.  In 
the  humnn  female  it  is  marked  by  a  moderately  large  sijse,  a  brilliant 
yellow  hue  at  a  certain  period  of  its  development,  nnd  the  presence  of 
blood  in  its  centnd  cavity,  distingalshable  by  its  color  for  two  or  three 
weeks  after  the  ruptore  of  the  follicle.  The  details  of  its  growth  and 
retrocession,  which  follow  a  certain  regular  cnurse  during  the  norni.il 
recurrence  of  the  menstrual  periods,  arc  mtwlified  to  an  appreciable 
degree  by  the  occurivnce  of  pregnancy.  In  the  first  instance,  it  is 
known  as  the  corpttft  Itifeum  of  meHntruatiun ;  in  the  second  as  the 
lorpus  Ittteum  of  pregnancy. 

I.  Corpiu  latetim  of  Kcnftniation. 
At  each  menHtrnai  epoch,  in  the  hnnrnn  female,  a  Graafian  follicle 
swells,  protrudes  from  the  surface  of  tlie  ovary,  ruptures,  and  <li»charges 
its  mature  egg.  At  the  moment  of  rupture,  or  immediately  aflerwaitl, 
a  somewhat  abundant  hemorrhage  takea  place  from  the  follicle,  and 
its  cavity  is  filhnl  with  lilood.  This  blood  coagulates  soon  after  its 
exudation,  aa  it  would  if  extravasated  elsewhere,  and  the  coagulum 
is  retained  in  the  interior  of  the  Graallan  follicle.  The  o(>ening  by  which 
the  egg  makes  its  escape  is  usnally  a  minute  roundcfl  perforation,  often 
not  more  than  one  millimetre  in  diameter,     A  smnll  prol>e,  intro<luccd 
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ORAAFI/iN    FOLtlOI,  Z 

of  the  humitn  ovnry;  re- 
cently niplured  during 
mMrrunllon.nnil  (lllcd  with 
coif^ulntpd  blood  ;  longltu- 
dinnl  aprtlon. — a,  TiOfUC  of 
the  ovnry,  coutnlnlni;  uti* 
ruptured  arARflnn  fa]]tcle«. 


through  this  oponing,  passes  directly  into  the  cavity  of  tho  GraAfS^n 
follicle.  If  the  follicle  Ijb  opened  at  this  lime  by  a  loiigitncliiinl  tiiei^iiia ' 
ibrongh  the  substance  yf  the  ovnry  (Fig.  23i<)tj 
it  will  lie  seen  to  furtn  a  globular  cavit_v,  lietw»rn 
one  anil  two  eeutimeties  in  disimt'ter,  coiiLiiniujjj 
a  soft,  recent,  dark-coloretl  chki^iiIuiii.  The  ro«j 
ngiiluin  has  noorjiauic  connectioii  with  thewalUJ 
of  the  follicle,  but  lies  loose  in  its  cavity,  atHl I 
may  be  easily  turneil  out  with  the  hjujilleofij 
knife.  There  is  sometimes  h  sligLt  luccUanirjff 
mthesiou  of  the  clot  to  the  ed^esof  the  IncenlwfJ 
ijpeuiiiif ;  but  thiTc  is  no  eoiililiuity  of  subslftjn«J 
between  theiu,  iiinl  the  clot  m.ny  l»e  6c|mmleii  l'.r| 
careful  manipulation.  The  luembrane  of  tbtj 
vesicle  presents  nt  this  time  n  smootb^  traii^j 
parent,  nnd  vascular  iiitemal  surface. 

An  important  ehange  soon  nflerward  liepiiwj 
to  titke  place,  both  in  the  ceutral  co.nguluuj  oDilj 
in  the  vesicular  membrane. 

The  clot,  which  is  at  first    lar<re,  soft,  nni| 

b.  Vesirulnr  inrnit)rj»ne  of     gelatinous,   iH-gins   tO  ContrtlCt ;    Itll'l    ihe  »efii« 
ihe    ruptured     rolllclc.     c.  ..       e  .\  i  .  n-L 

Point  of  ru^jture.  seimrates  from  thecongnlnm  proper.     The  8cn»n 

as  it  BC[»tirates,  is  absorlicd  hy  the  neighltoriujl 
I>art.8;  and  the  clot,  accordingly,  grows  smaller  and  denser  tlinu  bcfcir 
At  the  same  time  the  coloring  matter  of  the  blood  un<Iergoeg  the  usual 
changes  whicli  occur  in  it  after  extravasation,  ftnd  is  (mrtially  rcnb- 
sorlicd  together  with  the  scrum.  This  second  change  is  somc'vchat  less 
rapid  than  the  former,  but  n  diminution  of  color  is  very  i>erceptible  il 
the  clot,  nt  the  expiration  of  two  weeks  from  the  rupture  of  the  folUrii 

The  vesicular  membrane  during  this  tiii»e  is  beginning  to  uudcrgoj 
process  of  development,  by  whieh  it  becomes  thickenc<l  and  convolnt 
and  tends  partially  to  fill  the  cavity  of  the  foUiele.     The  hvpertrop 
and  convolution  of  the  vesicular  membrane  commences  first  and  pr 
cecds  most  rapi(Jly  nt  the  deeper  part  of  the  folliele,  opposite  the  situ 
lion  of  the  rupture.     From  this  point,  Ihe  membrane  becomes  tiiiui 
Hnd  less  convoluted  as  it  approaches  the  surface  of  the  ovar^^  and  th" 
edges  of  llie  ruptured  orifice. 

At  the  end  of  three  weeks,  the  hypertrophy  of  the  vesiculnr  men 
braue  has  reached  its  maximum.  The  ruplure<i  Graafian  follicle  hi 
now  become  so  completely  solidified  by  the  growth  above  descrihis 
nnd  by  the  coiidenRnlion  of  its  elot,  that  it  presents  the  appearance 
a  new  bod^-  imlicdtled  In  tlic  ovarian  tissue,  and  receives  the  name 
corpus  luteuni,  although  its  yellow  color  is  rot  yet  distinelly  develoixHi 
It  forms  a  perceptible  prominence  on  the  surface  of  the  ovarr,  and  mni 
be  felt  as  n  well-i'efined  rounik'd  tumor,  nearly  always  somewhat  flal 
tened  from  side  to  eidc.     It  measures  about  10  miltimelres  in  U 
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Vif.  234. 
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11  I-  MA  H    OV  A  BT  out   0|)cn,   lIlOW- 

In;  A  curpu*  luloum,  divlOoil  loiigu 
tuilln«lly;  three  we«ka  iirtrr  mrn- 
■truAtloii.  From  A  girl,  iwentjr  ycnr* 
oi  Age,  d^iid  of  liacmiiptjita. 


and   about   12   niillitnclres   in   depth.     On   its  siirfaw  nmy  be  seen  a 
uiiiiute  eicatiix,  occupying  tlic  «[Kvt  of  Ihe  original  rupture. 

On  cutting  it  open  :il  Uiis  time  (Fig.  234),  Ihe  corjuis  hiti'iun  is  fte«n 
to  ci insist,  as  above  described,  of  n  cfntral  coaguluiu  and  a  convoluted 
wall.  'I'be  ooaguUnu  is  serai-tranaparent, 
of  a  gray  ni-  ligljt  gwenisli  color,  more  or 
less  mt)ttled  witli  iimI.  'I'he  eoiivoluted 
wall  is  about  3  miilimclres  tltirk  at  its 
deepest  part,  and  of  sm  hidefiiiite  yellow- 
<8li  or  rosy  Ime,  not  very  ditlerent  in 
tinge  from  tbe  rest  of  tlie  ovarian  tisane. 
'I'be  eonvoluletl  wall  and  the  conlaintHl 
clot  lie  simply  in  contact  with  each  other, 
as  at  first,  witboiit  n.\iy  intervening  or- 
ganic connection ;  and  tficy  may  still  Tje 
readily  separated  fruin  o:ieli  otlH-r  by  the 
linndle  of  a  knife  or  the  flattened  end  of 
n  protie.  Tbe  whole  eorpns  hiteum  may 
also  be  stripped  out,  or  enucleated  fn>ui 
the  ovarian  tissue,  just  as  might  have 
U'en  done  with  the  (Jranflan  ff>llirle  pre- 
viously to  its  nipt(|ie.  When  separated 
in  tld.i  way  frnna  the  neigldtoring  parts,  it  presents  itself  under  the 
fonn  of  a  solid  gbibnlar  or  flattcne«l  mass,  with  a  convnhil<'d  exliM'nal 
surface  covered  vvitli  tlie  remains  of  tbe  connective  tissiK-  by  which  it 
was  previously  united  with  the  substance  of  the  ovary. 

We  have  had  an  ojijiortututy  of  examining  a  corpus  bitctim  of  thiK 
periotl,  in  an  ovar}'  iuunctUatcly  after  its  removal  from  the  Ixwly  of  tlie 
living  woman.  It  was  on  tlie  occasion  of  the  extirpation  by  Prof.  T  T. 
Sabine,  in  l'^74,  of  the  lell  ovarj-  for  obstinate  ovarian  nenralgio,  from 
an  immarried  woman,  otherwise  healthy,  25  years  of  age.'  The  last 
menstrual  period  luid  terminateil  exactly  three  weeks  before  the  date 
of  tiie  opcrati(»ii,  and  a  new  one  coranjcnced  twenl^'-four  hours  after- 
ward. The  extirpated  ovary  presented  a  perfectly  norma)  aptiearanc«, 
and  contained  a  corpus  luteum  similar  in  all  respects  to  tliat  represented 
in  FigTire  234.  Its  convohiteil  wall  was  fidly  forme*!,  without  any  din- 
linclly  marked  j'ellow  tinge,  and  the  central  coagulum  was  partly,  but 
not  entirely,  di-colorized.     The  patient  recovered  without  didlculty. 

After  the  third  week  from  the  close  of  menstruation,  the  corpuH 
lutenm  passes  into  a  retrogra<le  condition.  It  diniinishea  jierceptibly 
in  bize,  and  the  central  coagidum  continues  to  be  abHorl)eil  :ind  losen 
still  farther  its  coloring  matter.  The  whole  body  undergfK's  a  process 
of  partial  atro|»by ;  and  at  the  end  of  the  fourth  week  it  is  less  than  10 
millimetres  in  its  longest  diameter  (Fig.  235),  The  external  cicatrix 
may  still  usually  be  seen,  as  well  as  the  point  where  the  central  coagu- 
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Fig.  235. 


lum  (luncB  in  conlact  with  the  peritoneal  sarface.  There  is  stilt  o« 
organic  cotjtiectioii  lH.'t»vtH'n  llie  central  eoagiiluin  an*!  tin?  convulut 
wall  ;  but  the  partial  cuntlensation  of  tbf  c1«j 
and  the  contimu'<l  folding  of  the  wall  prcvcol 
the  separation  of  tiie  two  being  no  easily-  aoctn 
plisliLMl  as  lH.'forc.  The  entire  corpus  Inteiu 
may  still  be  extracted  from  hi  bcil  Id  the  ov*.' 
rian  tissue. 

The  color  of  the  con%'«»lute»l  wall,  daring  Uiii 
slaire,  instead  of  lading,  like  that  of  the  filiriiuM 
coaguUun.  beeuiues  more  strongly  iiinrked.  Fnji 
having  a  dull  VL-llowish  or  rosy  hue,  as  at  fii>l 
it  gradiuilly   assumes  a   more   decided   yellow«< 
Tliis    change  of  color  is   prodaced   simult 
ously  with  a  kind  of  fatty  degeneration  whirl 
takes  iilace  in  its  texture;  a  large  quantity  of 
In?  .»  corpus  lufeum,  (out    nilglolinlcs  being  deposited  m  it  at  this  titni 
weeks  Hfrer  iiic>a»irtiifiou;    which  are  rccojznizable  utuier  the   microscoM 

from  A  womaa  demi  of  siio-       .        ,  i      j.     i       »  ■  ■      .  ■  ,  . 

piexf.  At  the  end  of  the  fourth  week,  the  alleratiou  in 

hue  ir^  complete ;  and  the  outer  wall  of  the  cor 

pns  Intenm  is  then  of  a  clear  ihroine  yeUow  color,  by  which  it  is  rcatlilj 

distinguished  from  the  neighboring  tissues. 

After  this  [)eriod,  the  process  of  degeneration  goes  on  rapitllv.     Tl 

clot  hecomei*  more  dense  and  shrivellwl,  and  is  converted  into  a  minut 

stellate,  white, or  reddish-white  cicatrist. 
yellow  wall  becomes  softer  and  more  frinbli 
and  shows  less  distinctly  the  tnarkin<rcif  it 
convolutions.  At  tin-  same  time  its  sarfaiv 
becomes  confounded  with  the  evntral  eoagu- 
him  on  the  one  hand,  and  with  the  iicighl>or- 
ing  part)*  on  the  other,  so  that  it  is  no  lont^rr 
possible  to  separate  them  fairly  from  eaeb 
other.  At  the  end  of  eight  or  nine  weeks 
(Fig.  2:^(5)  the  whole  mass  is  re<1nci>d  to  the 
condition  of  an  insignificant,  yellowish,  cic*- 
trix-like  Bjjot,  measuring  alxjiit  fi  millitnetrrs 
in  its  longest  diameter,  in  which  the  origina 

corpu*  luteum, nine wf ek»  iiffer    texture  of  the  corpns  luteum  Can  be  re< 

men.tru.tJon,  from  *  piri  dead    „ij5(.,|  only  bv  the  peculiar  folding  and  cob 

of  tubereuliirinenln(tlti»,  ,  „    .  '       '         .  '^  , 

ing  of  its  constituent  parts,     •^uhseqitentii 

its  atrophy  goes  on  less  rajjidly,  and  a  ixriod  of  seven  or  ei^ht  montl 

soraelimes  eia[ises  before  its  complete  disa]ipcnr!ince. 

The  corpus  lutcum,  accordingly,  is  a  formation  which   results  fi\)ro 

(he  obliteration  of  a  ru|)tured  Grnafinn  follicle.     Fnder  ordinarv  con» 

ditions,  a  corpus  liiteum  is  produced  at  every  menstrual   period  •  and 

notwitlistnn<ling  the  rapidity  of  its  retrogression  and  atrophv.  a  new 

one  is  always  formed  before  its  predecessor  has  entirely  disappeared. 


Fig.  2:tr>. 
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When,  tlierefoi-f,  we  examine  the  ovaries  of  a  healthy  female,  in  whom 
the  menses  Lave  recurreil  with  regularity  for  suiue  titiiu  previous  to 
death,  Mjveral  corpora  hitea  wilt  Ik.-  jjict  with,  in  tliirL-rciit  stupes  of 
growth.  We  have  f'uuud,  injtler  such  eimiiustaiu-es,  four,  five,  six,  and 
evfij  eight  cc>r|K»ra  lutea  iii  the  ovaries  at  the  same  time,  perlectly  ilis- 
tiujruishable  by  their  texture,  tliough  \ery  nmall,  ami  most  of  them  in 
a  state  of  advanced  retrogression.  They  finally  lUsappear  altogether, 
and  tlie  numlKT  of  those  present  in  tlie  ovary  no  longer  corresponds 
with  that  of  the  (iraofian  follicles  which  have  been  ruptured. 

n.  Corpus  Lntetun  of  Pregnancy. 

The  process  alwve  described  takes  place  at  every  menstrual  period, 
imlejK'udenlly  of  impre<^nntitHi  and  sesuni  intercourse.  Tiie  mere  pre- 
soijce  of  a  coriniA  iuteum,  therefore,  is  no  imlicatiou  that  pregnancy  has 
existed,  but  only  that  a  Graafian  folHcle  has  been  ruptured  and  its 
contents  discharged.  It  is  found,  nevertlieless.,  that  when  pregnancy 
take)*  place,  the  a[)|iearanc.e  of  the  corpns  liiteum  becomes  so  modified  as 
to  be  readily  distinguished  from  that  which  follows  the  ordinary  men- 
etrual  process. 

The  distinction  between  these  two  kinds  of  corpora  lutea  ia  not  an 
essential  or  fundamental  dilference;  since  they  both  originate  in  the 
eamo  way,  and  are  cora[f08etl  of  the  same  structures.  It  is  only  a  diller- 
encc  in  the  rapidity  and  degree  of  their  development.  While  the  corinis 
Inteum  of  menstruation  passes  rapidity  through  its  different  stages,  and 
is  soon  reihifcd  to  a  condition  of  atrophy,  that  of  [iregnancy  coutinnes 
its  devehipnieiit  for  a  longer  time,  attains  a  larger  siae  and  firmer 
organizat)r>n,  and  dtHu|){>ears  at  a  much  later  ]>eriod. 

This  variation  in  the  history  of  the  curjjus  Inteum  depends  npon  the 
condition  of  the  pregnant  uterus.  This  organ  exerts  a  sympathetic 
action,  during  pregnancy,  upon  many  other  parts  of  the  system.  Tlie 
stomach  iH^iomea  irritutde,  the  apfK'titc  is  capricious,  and  even  the 
mental  faculties  and  the  moral  disijosition  are  freqm-ntly  more  or  less 
atll'cted.  Tlie  ovaries  feel  the  influence  of  gestation  niurc  decidedly 
than  other  organs,  since  they  are  more  closely  connected  with  the  uterus 
in  the  ordinary-  |)erformance  of  their  function.  The  moment  that  preg- 
nancy takes  place,  meitstruation  is  arrested.  No  more  eggs  come  to 
maturity,  and  no  mcire  Graafian  follicles  are  ruptnre«l,  during  the  whole 
|»eri«id  of  gestation.  It  is  not  sur|irising  that  the  growth  of  the  corpus 
luteum  should  also  be  motlifleil,  by  an  influence  wliich  affects  so  pro- 
foundly the  systen>  at  large,  as  well  as  the  ovaries  in  particular. 

During  the  first  three  weeks  of  its  formation  tlu«  growth  of  the  corpus 
lulenni  is  the  same  in  lheini])regnated  as  in  the  uninipregnated  condition. 
But  after  that  time  a  ditTerence  becomes  manifest.  Instead  of  com- 
mencing a  retrograde  course  during  the  fourth  week,  the  corpus  luteum 
of  [iregnancy  continues  its  development.  The  external  wall  grows 
tliicker,  and  its  convolutions  more  abimdauL     Its  color  changes,  as 
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CoKTVS  LnTBtTM  of  prcifimncy,  nt  the  entl 
of  the  lecontl  month  ;  from  n  woman  dead  frutn 
inducetl  abortion. 


Ibe 


Fip.  238. 


previouslv  <lescril)ed,  to  n  Itright  yellow ;  and  there  is  n.  depoait  of  fiiUT 
tnatti-r  in  the  fui  in  of  micruscupie  globules. 

By  the  end  of  the  Hceond  month,  lite  corpus  liiteum  has  so  incneaftt*! 
in  S17.C  as  to  nicAsni'e  22  milliiiu'tre^t  in  Icngtli  liy  12  or  13  millioMitnM 
in  depth  (Fig.  237).  The  central  coaguluin  has  by  this  time  beeouw 
almost  entirely  <lecolorize«i,  and  presents  the  appearuuce  of  a  piirciy 

filirinons  deptsil.  Sumetiiues 
it  is  found  that,  a  ])nrt  of  Ibe 
scrum,  during  its  scpaml 
from  the  elot,  has  accumulut» 
in  the  centre  of  the  iiia.<M, 
wns  the  case  in  Fig.  237,  fo 
ing  ft  little  cavity  contaiuing; 
cle.ir  fluitl  au<l  inclosed  liy  a 
fihritjous  l.iyer,  the  rcinains  of 
tlie  solid  portion  of  the  clwt 
The  existi-nce  of  8n«'h  a  t-.tvitv. 
however,  is  only  an  occasional, 
not  a  constant,  phuiiotneiion. 
More  fivqilently,  the  fil>riui>ii« 
dot  is  solid  throiighonl,  thr 
Bcrum  being  gradually  nti- 
Borbed,  as  it  separates  s(K)iila. 
neously  from  the  congnlnin. 

During  the  third  and  hnirtli 
months,  the  enlargement  of  tin- 
corpus  luteum  continues;  ami 
at  the  end  of  that  time  it 
nniy  luf.asure  22  nuliiruetre^ 
in  K-nijlh  hy  18  or  19  milli- 
metres in  depth.  Its  flattened 
form  is  very  uinnitbst,  so  that, 
in  a  longitudinal  acction,  it 
may  present  a  nearly  cin-ular 
outline^  as  in  Fig.  233,  while  in  a  tmnsversc  section  it  is  a  narrow  oval. 
The  convoluted  wall  i*  still  nutre  hij*lvly  develojjed  than  before,  having 
a  thickness,  at  its  deefjtvst  ptirt,  of  nearly  5  mi  Hi  metres,  or  donbic  tliAt 
presented  at  the  same  point,  in  the  cor])ii»  luteum  of  nu-nstruation,  whrn 
at  its  largest  size.  Its  color,  however,  htts  already  begun  to  fade,  and  i« 
of  a  dull  yellowish  tinge.  The  centriil  coiiguluin,  jverfectly  colorless  and 
(llirinons  in  appearsince,  is  often  so  much  (l)i(letied  hy  the  lateral  coro- 
pression  of  its  muss,  that  it  is  luinlly  2  millimetres  in  thickness.  The 
other  relations  between  the  difl'erent  parts  remain  the  same. 

The  corpus  hilenm  has  n<»w  attained  its  maximnra  of  development, 
.ind  eontiruii's  without  any  very  [Hnceptilile  alteration  during;  the  fiAh 
and  sjxth  months.  It  then  lu-giiis  to  retrograd<',  diminishing  in  tijr*' 
during  the  seventh  ami  eighth  months.     Its  external    wall    fades  slil 


(JoBPfS    LoiKDM  iif  prrRnnney,  *t  the  eoil  of 
the  fourth  montli ;  from  i\  wooinn  itenil  l>y  |>oiiion. 


CORPUS  LUTEUM  OF  PUEGNANCV. 


719 


more,  bfcomiii^  of  .1  faint  y»>ll"wi»h-wliJtf>  color,  not  unlike  that  pre- 
Hi'iitetl  nt.  the  tJul  of  tlie   tliinl  wi-i-k.     its  texliiie  is   tUi<k,  soft,  and 


mh' 


1.     An  ahundiiiice  orfiiii!  red  vi^ssuU 


Fip.  2n;i. 


V'V^ 


Kw*^ 


Oonrrs  LrxErx  i>i 
l>nTn«ncy,  Hi  t4?rni,  from  >» 
womto  Aen(\  In  delivery 
(rum  rutiture  of  Th«  uterui 


elastic,  auU  it  is  Htrou 

cull  be  seen  jjcnetratiiig  from  iha  exterior  into 
llie  inUTBtltfcs  of  its  eoiivohilioiis.  Tiie  ceiitial 
foagiiUiin  is  rciluecd  li_v  tiiia  tirue  Lo  the  coiidi- 
tiott  of  a  whitisli  rtidiut^l  cicatrix. 

its  ntio[iliy  coiitiiuie!4  during  the  iiiitth  month. 
At  the  tt-rmiiMitiun  uf  |)re;;niinrv,it  is  re<Uieed  in 
r<i7.e  to  12  (ir  13  rnilliinetreH  in  length  and  less 
than  10  millimetres  in  depth.  (Fig.  "23'.>.)  It  is 
then  of  a  fuiut  indeHnile  hue,  hut  little  contracted 
with  the  renuiiiiiiiff  tissues  of  the  ovary.  The 
central  ei»atri.\  has  beeimie  very  Hiiiall,  and  a|v- 
)>ears  only  as  a  thin  whitish  lamina,  with  radi- 
ating proeesses  whieli  penetrate  betweeu  the  in- 
terstices of  the  convoIuiif»'us.  The  wiitile  ihjibs 
is  Ktill  tpiite  hrm  tt>  the  ttuteli,  and  is  reaclily 
<listingnishable,  both  from  its  hize  and  texture, 
UH  a  prominent  feature  in  the  ovarian  tissue, 
:tiid  a  leliablf  iiulicaliott  of  pifgnaticy.  Tlie 
ctinvfijiiti  il  slnirtirre  tifthe  exleriral  wjill  is  very 
lierceptible,  and  the  point  of  rupture,  with  its  external  peritoneal  cicatrix, 
Mill  distinctly  visible. 

After  delivery,  the  corpus  lutenin  retrogrades  rapidly.  At  the  end  of 
eight  or  nine  weeks,  it  has  becuuie  w»  luuch  altcre<l  that  its  color  is  no 
Iniiger  distinguishalKle,  although  indications  of  its  convoluted  structure 
may  still  be  discovered  by  close  examination.  These  traces  of  its 
existence  remain  for  a  long  tirne  afterwani,  nu>re  or  less  concealed  in 
I  he  ovarian  tissue.  We  have  dislingui.she<l  I  hern,  in  one  inst^inee,  so 
late  as  nine  and  a  Indf  ninntlis  after  delivery.  They  tinally  disappear 
enlirel}*,  together  with  the  external  cicatrix  which  previously  marked 
their  sitnaLinn. 

I>iiring  the  existence  of  gestation,  the  process  of  menslniation  being 
suspended,  no  new  Uraatian  follicles  are  ruptured,  and  no  new  corpora 
lutea  are  prrMlnced  ;  and  as  tbc  old  ones,  forniefl  before  the  |)cnod  of 
conception,  f.ide  aurl  disap|)ear,  the  corpus  liitenin  which  marks  the 
occurrence  of  [iregiiancy  after  a  time  exists  alone  in  the  ovary.  In 
twin  pn-jrnnncies,  we  of  course  find  two  corpora  liiten  in  the  ovaries; 
lull  these  an-  pretMsely  similar  to  each  other,  .ind,  Iwing  eviilently  of  the 
same  date,  neeil  not  give  rise  to  any  confusion.  Where  there  is  but  a 
single  fa'tiH  in  the  uterus,  and  the  ovaries  contain  two  corjiora  lutea  of 
HJiuilar  ap|>earaiice,  one  of  them  belongs  to  an  embryo  which  has  l>een 
blighted  in  tl»e  early  part  of  pregnancy,  and  has  failed  of  Its  develop- 
ment. The  remains  of  the  blighted  embryo  may  sometimes  I»e  dis- 
covered, in  such  cases,  in  some  part  of  the  Fallopian  tube,  where  it  bos 
lieen  arreste<l  in  its  descent  lowa.d  the  uterus. 
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After  lactation  lias  come  to  an  end,  the  ovaries  lesnme  th«ir  oidinanr 
ftinction.  The  Graafian  follidve  mature  and  rupture  in  sucoessioo,  ai 
before,  and  new  corpora  lutea  follow  each  other  hi  alternate  derdop- 
ment  and  disappearance. 

The  corpus  Inteura  of  menstruaUon,  therefore,  diflfers  fkom  that  of 
pregnancy  in  the  extent  of  its  devel^meut  and  the  darati<m  of  its 
existence.  While  the  former  passes  tiirough  all  the  important  phases 
of  its  growth  and  decline  in  a  period  of  two  months,  the  latter  lasts 
from  nine  to  ten  months,  and  presents,  during  a  great  porl4<m  of  the 
time,  a  larger  size  and  a  more  solid  organization.  Gven  in  the  corpus 
luteum  of  pregnancy,  the  bright  yellow  color,  which  is  so  important  a 
characteristic,  is  only  temporary  in  duration ;  not  making  its  appearanoe 
till  about  the  end  of  the  fourth  week,  and  again  disap|jearing  after  the 
sixth  month. 

The  following  table  contains,  in  a  condensed  form,  the  characters  of 
the  corpus  luteum,  as  belonging  to  the  two  different  ccmditions  of  umb- 
struation  and  pregnancy,  corresponding  with  different  periods  <^  its 
development. 


GORFtTS  LCTBDH  OV  McNSTKUATIOir.    CORTUS  LuTBCX  OF  PaBSWAVCT. 


At  the  end  of 
three  xveeka. 
One  month. 

Two  montha. 


Four  montha. 

Six  montha. 
Nine  montha. 


Twelve  by  nineteen  millimetres  in  diamoter;  ceotrmi  clot  reddlik; 

convoluted  wall  pale; 
Smaller ;  convolnted  wall  bright 

yellow ;  clot  still  reddish. 
Reduced  to  the  condition  of  an 

insignificant  cicatrix. 


Absent  or  nnnoticeable. 


Absent. 


Absent. 


Larger;  conTtdated  wall  bright 
yellow;  clot  still  reddish. 

Twelve  by  twenty.two  BilK- 
metres  in  diameter;  ooBViK 
luted  wall  bright  yellow  ;  clot 
perfectly  decolorized. 

Eighteen  by  twenty-two  millime. 
tres  in  diameter;  clot  pale  and 
fibrinons;  convolated  wall  doll 
yellow. 

Still  as  large  as  at  the  end  of 
the  second  month,  dot  fibri. 
nous.     Convoluted  wall  paler. 

Ten  by  thirteen  millimetres  in 
diameter;  central  clot  ooo> 
verted  into  a  radiating  cica- 
triz;  external  wall  tolerably 
thick  and  convolnted,  but 
without  any  bri^t  yellow 
color. 


CHAPTER  YII. 

DEVKLOPMENT  OF  THK  IMPREGNATED  EGG— SEU- 
MENTATION  OF  THE  V  I  T E L L U S— B L A S TO D E K M— 
FORMATION  OF  ORGANS  IN  THE  FROG. 


The  egg,  w!iile  still  contained  within  the  ovarian  follirk',  iiasses 
throogit  ft  eerii's  of  couwciitivp  changes,  by  whii-b  il  la  finally  brought 
to  thi'  WJiidilioii  of  malurity.  Diiriug  this  jH-'riml  it  increases  in  size, 
from  tlie  insisrnififjint  ilimcnsion.s  which  it  prenent**  in  the  earlier  Htagea 
of  its  formation,  to  those  of  its  complele  dcveloiiincnt  as  an  ovarian 
egg.  The  vitellus,  at  first  transparent  and  colorless,  is  not  only  en- 
larged, hut  iK'cotnea  more  or  less  granular  and  opaque  by  the  deposit 
of  new  ninterial  in  a  ditlereiit  form  ;  and  iti  birds  and  reptiles  it  assumes 
a  distinetive  hue,  vvbieh  is  generally  orange  or  yellow.  These  mollifica- 
tions are  due  to  the  siMmlaneous  growth  of  the  egg  and  the  parts  in 
whirh  it  is  inclosed  ;  and  they  mark  a  continuous  process  of  «leveloi>- 
nieiit  takinj;  [iliice  indejjendently  in  tlie  generative  organs  of  the  female. 
The  last  change  which  occurs  in  the  ovarian  egg,  and  that  which  Indi- 
cates its  curaptetc  maturity,  is  the  disajitwarance  of  the  germinative 
vesicle.  This  body,  wliich  is  in  general  a  distinctive  feature  of  the  ova- 
rian egg, disappears  a  simrt  time  previous  to  its  expulsion,  or  even  when 
it  is  j.ist  on  the  point  of  leaving  the  Graafian  follicle. 

The  egg,  tlicreforo,  at  the  time  of  its  <lischarge  from  the  ovary,  con- 
sists solely  of  the  mature  vitellus,  inclosed  in  the  vitelline  roenibrane; 
and  in  this  condition  it  meets  with  the  spermatozoa,  usually  in  some 
part  of  the  Fallopian  tiilje.  Uy  the  contact  of  the  male  elements,  and 
their  union  with  it»  own  substance,  a  new  stimulus  is  impnrtctl  to  its 
growth;  and  while,  if  iinira[>regnatcd,  Its  vitality,  on  arriving  at  this 
point,  would  have  reached  it«  termination,  the  feeundatetl  egg,  on  the 
contrary,  starts  upon  a  more  extensive  course  of  development,  by  which 
it  is  flnaity  converted  into  the  bodj*  of  the  young  anitnal. 

Depoail  of  Albuminous  Layers  in  the  Fallopian  Tube. — The  egg,  in 
the  first  place,  as  it  passes  down  the  Fallo|iian  tul.»e,  iKJComes  coverctl 
with  an  albuminous  secretion.  In  birds,  this  secretion  is  very  abun- 
dant, anri  is  dejin8itc<l  in  successive  layei*8  around  the  vitellus,  forming 
the  so-called  "  white  of  ^^^^''  In  reptiles,  it  is  also  poured  out  in  cnn- 
sulerable  quantity,  and  serA'cs  for  the  nourishment  of  the  egg  during  its 
early  growth.  In  mammalians,  albuminous  matter  is  supplied  in  the 
same  way,  though  in  Nmaller  quantity,  by  the  mucous  mcmlirane  of  the 
Fallopian  tnl)e,  and  envelops  the  egg  in  a  layer  of  nutritious  material. 
This  albuminous  layer,  although  its  absolute  quantity  is  very  »mall,  is 
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siifflck'iitly  abundant,  in  proportion  to  tlie  size  of  Lbe  maminnliiui  c^; 

.•iiid  it  serves  for  tlit-  snpply  of  organic  material  iu  the  L^arlier  stngt::!  i<l 

(leveiopmentj  lii'fore  Ihe  egg  hus  estublUlicd   its  connection  with  Ibt 

uterine  mucous  juenibrane. 

Segmenlalion  of  ihe  Vttellun, — A  very  important  ch&ni^e  now  lakf* 

pliieu  in   tlie  impregnated  egg,  whicli  ia  known  as  the  diviaion.,  or  wy- 

mt'ntation^  of  tbe  vltelliis.  A  furfu* 
fellows  itself,  rnnniitg  round  the  gloUular 
mass  of  the  vitellus  in  a  vertical  diivelioii, 
ivhifh  grniluftlly  deepens  until  it  ha*  tli- 
vitled  the  vitellua  into  two  separate  halvw 
or  hemisplieres  (Fig.  :240,  o.)  Almimtal 
Uie  satrie  time  anotlier  fnrrow,  ruuuiug  al 
ri>j;9it  angles  with  the  first,  |)eiietrate»  ttie 
sulistance  of  the  vitellus,  ontl  cuts  it  in  s 
transverse  direction.  Thf  vitellus  i:i  lli us 
divided  into  four  equal  |iortions  (Fig.  240, 
6),  tlie  eilges  nnd  angles  of  which  ai« 
rounded  olf,  and  which  are  still  coutaiirai 
in  the  cavity  of  the  vitelline  nuinlirant 
1'he  spaces  hetween  tlicm  ami  the  intcnul 
surface  of  the  vitelline  membrane  arew* 
cii])iL-(l  hy  a  tr.'uisparent  fluid. 

'I  lie  process  thus  commenced  goes  od 
liy  a  successive  formation  of  furi-ows  ttiid 
sections,  iu  various  directi«»na.  The  four 
vitelline  segments  already  produced  »Tt 
subdivided  into  sixteen,  the  sixteen  inlu 
!<ixty-foiir,  and  so  on;  until  the  whole  \i- 
tellus  is  coni-erted  into  a  niidberry-sha]i«il 
mass  of  minuti\  nearly  spherical  hfMliei, 
railed  liie"vitelline  spheres."  (Fig.  240,f.) 
Tlie  vitelline  spheres  have  a  somcwhAt 
firmer  consistency  than  the  ori^^innl  suK 
stance  of  ttie  vitellus;  and  this  consist«Dcj 
appeara  to  increase  as  I  hey  multiply  in 
numbers  ami  diminish  in  eize.  At  Itft 
they  Income  so  ahtmdant  as  to  be  doaeir 
cntwded  together  and  compresse<l  into|<o- 
lytfonal  forms.  (Fig.  240,  </.)  1Miey  have 
by  this  time  been  convtMto<l  into  n  layer  of 
cells,  snrronmUug  the  original  central  c%x- 
ity  of  tlie  egg,  snd  ihemselves  enveloped 
by  the  viteUine  membrane. 
The  segmentation  of  the  vitellus  constttntes  the  primary  act  in  (be 
«Ievelo|)ment  of  the  impregnRtwi  egg.  It  is  this  remarknlile  prom* 
whivh  ia  the  sign  that  fecundation  hns  tidcen  place,  and  that  the  fvriM^ 


cRm 


D^ 


SKOMjtSTATlOJK     or     THE 
VlTKLLUB. 


DEVELOPMENT  OF  THE  IHPRBGNATEU  EQO. 


723 


tion  of 


iliiyo  has  comineuccd.     it  inkes  place 


all  species  of 

iiiiiinals,  z)ltlM>ugh  it  vnrieH  in  dvtaii  acuurdiiig  to  tlie  6|>ei:ial  constitu- 
tion of  tlie  c^Tfl,  ami  tlie  [)n'sunct'  or  abscnci'  of  iicccssory  parts.  In  all 
I  lie  tiiaimiiMliit,  as  well  an  in  nuuiy  ul'  the  iiivertt'lmiU^s,  wiicre  the  vilelluji 
in  Vfiv  siii;il],  ami  whL'ie  the  botty  of  tlio  eiiilnvo  iniiuctiiiitilv  nftor  ila 
Ibrniation  is  to  bv  stipiJicd  with  nourislimoiit  fionj  without,  the  process 
is  that  tleseribetl  altovc.  Ju  the  birds,  iu  scaly  reptiles,  and  in  many 
fish,  where  the  vitelliis  oi- yolli  is  of  large  size,  and  coiilaiiis  nthlitiunnJ 
imlrilive  iiinlter,  »vgiiieiitutioti  takes  place  only  in  a  thin  layer  whieh 
uceiipies  the  suifrtee  of  the  great  mass  of  the  yolk;  and,  befiinnin^^  at 
one  spot,  extends  Ihence  fnmi  within  outward,  so  that  it  a«lvances  more 
rapidly  at  the  centre  of  the  segmenting  region  than  at  its  iierijfhery. 
Hut  iu  all  eases  segmentation  of  the  vitrlUis  is  tlie  iiist  ehanoje  to  orcMir 
iu  tlie  proeess  of  deveiopmout,  and  its  result  is  always  the  same,  namely, 
to  divide  the  vitelluB,  w  hich  was  at  first  of  uniform  texture  throughout, 
into  a  {rrt'at  number  of  minute  bodies,  wliieh  soon  present  the  chaiuoter 
i<f  animal  I'ells. 

Blastodt'rm^or  Oerminal  Membrane. — The  eells  which  are  farmed,  in 
the  manner  above  deseribed,  by  the  sej^tiifiitnlion  of  the  vitfUns,  become 
more  closely  packed  as  tliey  increase  in  numl>er;  and  finally,  b}-  their 
mutual  contact,  and  a<lliesion  at  their  adjacent  e<I^es,  tlicy  serve  to  form 
a  eouLinnouH  organized  membrane,  known  as  the  germiuid  membrane 
or  btaxlodertn. 

During  the  formation  of  this  membrane,  moreover,  the  egg,  while 
|>a8siu^  throni;;h  the  Fallopian  HiIk.',  itJcreases  in  size.  The  albuminous 
matter  witli  ubicli  it  is  cnvelope<l  becomei*  Itnuefiwl ;  and,  being  absorbetl 
by  endosmosis  through  the  vitelline  membrane,  furni^hes  the  material 
for  the  mt»re  solid  and  extensive  growth  of  the  ncwly-fnrmed  structures. 
.\  certain  quantity  of  lluid  also  accumulates  in  the  central  cavity  of  the 

The  next  change  which  takes  place  consists  in  the  division  or  splitting 
of  the  blastoderm  into  two  layers,  whicli  arc  known  as  the  extrnial  and 
iiilt'nial  blofUnlfrmti;  laijers.  Tliey  are  botli  still  ci»m|»oscd  cxclH»ively 
of  cells;  but  those  of  the  external  Liyer  are  smaller  and  more  compact, 
w hile  those  of  the  internal  aie  larger  and  less  consihtent.  The  egg  then 
has  the  form  of  a  glolmlar  sac,  the  walls  of  which  consist  of  three  eon- 
I'entrie  layers,  lyin^  in  cntitaeL  with  and  inclosing  each  other,  namely: 
Ist,  the  structnrcb'SR  vitelline  membrane  on  the  outside ;  2d,  the  extt-mal 
hlastodermic  layer,  comj>osed  of  eells  ;  and  3d,  the  interna]  blastodermic 
layer,  also  comp«i8e<l  of  cells.  The  cavity  of  the  egg  is  occupied  by  an 
alKnminous  fluid,  absorbed  from  the  exterior  and  destined  to  serve  oa 
nutritions  material. 

It  is  Ity  this  [Hocess  that  the  simple  globular  mass  of  the  vitellns  is 
converted  into  an  orgnniae<l  structure.  For  the  blasttiderm,  although 
consisting  only  of  cells  which  are  nearly  uniform  in  size  and  sha(M.>,  is 
nevertheless  an  organiised  inendtrane,  made  up  of  anatomical  eiemcnt-s. 
It  is  the  first  sign  of  distinct  organization  which  makes  its  appearance 
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in  the  egg ;  and  aa  srton  as  it  i«  completeil,  Lbe  b<xly  of  titc  f(e«4i»  ** 
fonnoil.  Tlic  blustuck<i-m  is,  in  fnct,  tlic  fa4iis  in  its  ej»rliest  coodiiioD; 
for  altlimigli  its  texture  is  at  tbis  timeexci»e<litigly  simple,  all  the  variant 
organs  of  the  body  will  aftcrHMid  W  prodiictHl  from  it  by  the  mrMhfic-)' 
tion  of  il8  difii-'rent  jiurls.  Tlie  fuitlier  process  of  forruatiuii  is  oom- 
paratively  simple  in  (^oiiie  classes  of  animals,  more  complicated  iu 
others;  and  iU  gcfieial  leaUiieS  are  most  easily  utiderstoocl  ]>\ 
nieneing  with  the  study  of  embryonic  development  as  it  takee  pi 
the  frog. 

Formalion  of  Organs  in  (he  Embryo. — The  egg  of  the  frog,  when  di 
charged  titid  fi-eiiiulated,  is  deposited  in  the  water,  eiivelojHjd  in  nn  elasiio 
cushion  of  allunuinous  matter.  It  is  tluis  freely  exposed  to  tiie  liglit, 
the  air,  and  the  moderate  warmth  of  the  sun's  rays,  and  is  supplii-d 
with  an  abundance  of  moisture  and  appropriate  uutriltous  materiiL 
Its  development  is  distinguished  aceordingly  by  a  charHct**r  of  gi 
simplicity;  since  the  whole  of  the  vilellus  is  directly  converti-d  into 
body  of  the  embryo.  There  are  no  accessory  organs  required,  and 
sequeiiUy  no  complications  of  the  formative  process. 

The  two  blnstotlertnic  layers,  above  described,  represent  togHbcr  the 
eoroniencenient  id"  the  body  of  the  embryo.     They  serx-e,  howevrr. 
the  production  of  two  different  systems;  and  the  entire  process  of 
development  may  be  expressed  as  follows :    The  external  blastodi 
layer  prvduces  the  sk-in^  the  cerebro-Kpinal  axis^  and  the  oryi 
mal  life  ;  while  Ihe  internal  layer  produces  the  mncoua  nit  j 
the  alimentary  canaly  and  the  ortjans  of  nutrition.. 

The  first  sign  of  advancing  organization  in  the  external  blast 
layer  shows  itself  in  a  thickening  and  condensation   of  its  structii 
The  thickened  portion  has  the  form  of  an  elongated  oval  s[>ot,  t4' 

the  "  embrvfinic  spot"  (Fig.  24  J  ),  the 
edges  of  which  are  somewhat  more  opaqiw 
than  the  rest  of  the  blastodenn.      Fin  ' 
iivitiiin  these  opaque  etiges    is  a  nm. 
colorless  and  transparent  space,  the  " 
pellucidn,"  and  in  its  centre  is  a  deli 
line,  or  furrow,  running  longitudinally  I' 
front  Ut  rear,  called  tlie  "primitive  t 

In  the  anterior  portion  <»f  the  area 
Iucid3,the  substance  of  the  bIasto«Ierm 
up  in  such  a  manner  as  to  fomi  two  m- 
pnrnlli'l  ridges  or  plates,  which   appr. 
ritituNATEo  Eoo,  sbowinir  the    each  other,  from  siilc  to  side,  over  » 

iT^^nZuTLr  '^""""'"     -"«  '-  '"^^  •>-««'  ««P«^«t  of   the  emb 

and  are  therefore  called  the*'' dorsal  pla 

Between  them  is  included  a  groove,  terme<l  the  "medullary  gmn 

The  dorsal   plates  gradually  tneet  each  other  and  coalesce   ujK>n 

median  line,  thus  converting  the  intervening  groove  into  a  canal. 

coalescence  of  the  edges  of  the  two  dorsal  plates  takes  place  first  ttt 
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anterior  part  uf  the  area  pt'lluciihi  and  extends  grarlually  backward ; 
i\m\  when  it  is  c'»m|«letc  throughout  their  length,  tlie  whole  of  the 
meilullarv  groove  has  been  eonverte<l  into  a  closed  eaiial.  ThiH  ih  the 
*' medullary  cniial;"  and  iu  its  cnvity  vvill  Rfttrward  Ik;  forinoil  the  cere- 
liro-siiiual  axis,  by  a  growth  of  nervous  matter  from  its  ittterinil  surrncc. 
At  its  anterior  extrcmit}',  the  inediillary  cana!  is  large  and  rounded,  to 
nccommodatc  the  brain  and  the  raedulin  oblongata;  its  remainder  is 
iiarroir,  and  pointed  [joatei'iorly,  and  is  destiue<l  to  cuuLiin  the  spinal 
cord. 

In  a  diaprammfttic  section  of  the  egg  at  this  stage,  made  transversely 
to  the  longitudinal  axis  of  the  embryo  (Fig.  242),  the  dor«al  plates  n>ay 
l>e  seen  apfjroaching  each  other  above,  on  each  si<le  of  the  mediillary 
groove.  At  a  num.'  advanced  period  (Fig.  243)  Ihey  are  fairly  united 
with  each  other,  ami  inclose   the  cavity  of  the   medullary  canal.     At 


Fi-  24-J. 


Ficr.  213. 


Kuo  to  na  e*rly  stugt;  of  Uevelopmcnf.— 1 
Kxt<*riiitl  liliRtnilcrmte  loyrr.  3.  3.  I><>rsi\l 
litntei.    3.  loternnl  blnstoUermto  liiycr. 


In  l-KKil  >  \  T  K  i>  I, ..!.,  f»I  ;.  -.  ,  ■  I  .t 
more  Hdvnuci-il  jioricHl.— 1.  i'xlnt  ol  untun 
b«twe«ii  the  iib<loinin%l  ]iliitea.  i.  3.  Iinr- 
•<tl  plnte*  united  with  ench  other  on  tha 
mrdinn  tine  nnd  IneloiinR  the  ■n<>ilulliiry 
onnnl.  a,S.  Abdomlnitl  ptnte*.  4.  Hoetlon 
of  thefptDKl  column,  with  Intnins  nod  rlbi. 
ft  IntcrnAl  blaitoOcrmio  lityer. 


the  same  time,  the  edsres  of  the  thickened  portion  of  the  blastoderm 
grow  uutwanl  nnd  iliiwnward.  extending  over  the  lateral  portions  of  the 
vitelline  mass.  These  are  calle<l  the  "abdominal  plates;"  and,  »%  they 
enlarge,  they  tend  to  approach  enoh  other  below  and  inclose  the  abflo- 
niinal  cnvity,  as  the  rlorsal  plates  united  above,  and  inclosed  the  tuedul- 
I;tr3' canal.  At  Inst 'he  abdominal  plates  aetnally  nnitc  on  the  median 
line  (at  i,  P'ig.  243),  einbrncing  the  whole  of  the  internal  blastodermic 
L^yer  (  b ),  which  incloses  in  tnrn  the  remains  of  the  original  vitellua  and 
the  albuminous  fluid  nccumnlnted  in  its  cav1t3'. 

During  this  time,  there  is  forme<!,  in  the  thickened  central  part  of 
the  blHstfxkTm,  itnmeilinlely  beneath  the  medullary  canal,  a  longitudinal 
cartilaginous  cord,  the  **chorda  dorsalis.''     Around  the  chorda  dorsalift 
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are  adoiwarJ  «levi4oijed  the  bodies  of  the  vertebrie  ( Fig.  243, «),  and 
tlie  oblitiiie  (troeesses  of  the  vertebno  nm  upwar<I  iVorn  this  |»oinl  iutu 
the  liorsul  [ilates.  while  tlie  transverse  prot-eases  and  ribs  run  oulwanl 
and  downward  in  the  ubdoiiiiiml  ptate»^  to  encircle  mure  oi*  less  vout* 
pietel}'  tLu  (rnrrespoiidinjj  portion  of  the  boiiy. 

In  ft  Jorigitndinul  section  of  the  egij,  made  while  this  process  is  goinj 
on,  tlie  thickcucfJ  portion  of  th^;  external  bliistotlermic  la^-er  I  Kig.  i44,  i) 
may  be  seen  in  |)rolile.  The  anterior  jiortion  (2^.^  which  will  form  thr 
head,  is  thicker  than  the  posterior  (s ),  which  will  form  the  tail.  A*  tlw 
wlinle  mass  grows  ra])i(lly,  both  iii  the  anterior  and  the  posterior  difwv 
tion,  tlie  head  beconios  ilviok  and  voluminous,  while  the  tail  l«egins  Ui 
])rojeut  baclfwnrd,  and  the  egg  assumed  uii  elongated  form.     (Fig.  iii) 


Fi|u'.  244. 


Fiff.  245. 


lUigrum  ol    ri+ij"   '    tjuij,  in   na  csrly  Eao  or   Fsoa.la  jiroce**  of  AfTtiof- 

Btx^e  of  ilevrjopnirni ;   loDgUuillcinl  fcr-  ment. 

tlon.— 1.  Thickened  jiortloa  of  cxirrnil 
bUnfoilerml*  Uyer.  2.  Anterior  extrptnify 
of  rhc  omhryo  3.  Posterior  cxlreniity.  I. 
Inleranl  btuBtoderoilc  Uyer.  6.  Unvlty  of 
Vltellut. 

The  alulominal  plates  .-ilso  meet  upon  its  imtier  snrfaeo,  and  compW\« 
llie  closure  of  tlic  abdominal  cavity.     Tlie  internal  blustodemiic  lave: 
is  seen,  in  the  longitudinal  section  of  the  egg,  enibrace<l  l»y  the  nUin- 
minal  plates,  and  inclosing,  aa  before,  the  remains  of  the  vitellus. 

As  development  f^oea  on  (Fig.  24l>),  the  hea«l  beoomes   Inrper,  sml 
shows  traces  of  the  formation  of  organs  of  special  sense.     The  tail  alw 

Kii.'.  'J4r,. 


Eoo  or  FRna  ,  fArtJier  itdcauceiL 

increases  in  size,  and  projects  farther  from  the  posterior  extremitv  of 
the  embryo.  The  spinal  cord  nms  in  a  longitudinal  direction  from  front 
to  rear,  nnd  its  anterior  extremity  enlarges,  to  form  the  brain  ami  inr- 
dulla  oblongata.  In  the  mean  time,  the  inlenial  blastodemiio  UnT, 
whicti  is  snbscqncntiy  converted  into  the  intet^tinal  caiint,  Iina  been  ^«t 
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'n  by  tilt!  alxlominal  wnlla,  aiul  slill  forms  n  flosod  sac,  of  flliglitly 
elongated  (Igtire,  without  itik-t  ut-  outlet.  AfLvrwanl,  the  inuutli  jk 
fornieU  by  uu'jiJis  of  a  i>erforalioii,  wUioh  tnkts  |>1hcu  tlirougli  both 
i'Xlfnuil  ami  iiilLTDal  layers  at  tlit;  anterior  extremity;  wliilu  a  siniilxr 
jR'rfuratioii,  at,  tlie  posterior  extremity,  results  in  tin-  fijuniation  of  tlie 
anus. 

iJy  a  continuation  of  the  same  process,  the  different  portions  of  tlie 
external  likibtodcrriiiL'  layer  pre  furtljer  develofH-'d,  resulting  in  the  com- 
plete tVirmatJon  of  the  various  [►ails  of  the  skeleton,  the  integumeiil, 
the  organs  of  speeial  sense,  and  the  voluntary  muscles  and  nerves.  TIk* 
tail  at  ihe  same  time  ac<|iiires  snffleient  size  and  strenj^tlt  to  be  capable 
of  attit(g  as  an  organ  of  locomoUim,  ;  Kig.  247.)     The  iuteslinal  canal. 

Fig.  247. 


I'  A  r>i'iii.  K,   liu< .,     ■  h  •  I'l'i  d. 

which  has  lioen  formed  from  the  internal  blastodermic  layer,  is  at  first  n 
short,  wide,  and  neaily  straight  tube,  running  directly  from  the  month 
to  the  anus.  It  swju,  howcA'cr,  begins  to  grow  faster  than  the  abdominal 
cavity  which  incloses  it,  becoming  longer  and  narrower,  and  is  at  the 
same  time  thrown  into  numerous  curvilinear  folds. 

Arrived  at  this  jtcriod,  the  yoniig  tadpole  ruplitros  (he  vitelline  mem- 
brane, by  whicli  lie  has  heretofore  been  inelused,  .nnd  leaves  the  cavity 
of  the  egg.  He  at  first  fastens  himself  n|ion  the  remains  of  the  albu- 
minous nmtter  deposited  round  the  egg,  and  feeds  upon  it  for  a  short 
period.  He  STion.  huwtvor,  n(  quires  sutheient  strenjith  anel  activity  t<j 
swim  about  freely  in  senreli  of  other  fooil.  propelling  liitnself  by  meanM 
of  his  large,  mcnibranoiw,  and  muscntar  tail.  The  iilimentary  c.innl 
increases  in  lenjjth  and  becomes  spirnlly  coiled  up  in  the  abdominal 
cavity,  attaining  a  length  froui  seven  to  eight  times  greater  than  that  i»f 
the  entire  boily. 

After  a  time,  a  change  takes  place  in  the  external  form  of  the  animal. 
Tlie  posterior  limbs  are  the  fir«t  to  make  their  appearance,  by  budding 
or  sprouting  from  the  sides  of  the  body  at  the  base  of  the  tail  (F'ig. 
248.)  The  aiiterinr  extremities  are  for  a  time  concealetl  beneath  the 
integnment,  but  aflernard  lK?eome  lil>ei-ated,  and  show  themselves  ex- 
ternally. At  fir«t  Itoth  the  fore  and  hind  legs  are  very  small,  incom- 
plete in  structure,  anrl  useless  for  pnriMisea  of  locomotion.  They  soon, 
bcvwever,  inci'easc  in  size  and  strength;  while  tlie  tail,  on  the  contrary, 
ceases  to  grow,  and  Viecomcs  shriveUed  and  atrojjhied.  The  limits,  in 
fact,  are  destine*!  finally  to  replace  the  tail  n.s  organs  of  locomotion ;  and 
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a  time  at  last  arrires  (Fig.  249)  when  the  tail  has  altogether  disapixrami. 
whiit'  the  legs  hav«>  litromo  fully  <levelope<l,  museulnr,  and  pov    ' 
Then  llie  aniinnl,  heretofort*  confined  to  nn  aquatic  mtxie  of  life,  1'*^' 
onpabte  of  liviug  upon  land,  and  a  transformation  is  effcotecl  from  Uw 

tadpole  into  the  frog. 


Fig.  248. 


!*;!« 


Fig.  249. 


^ 


Ta  nroLS,  with  UmbB  beginning  to  be  formed. 


Perfecl  Fuoo . 


Puritifr  the  same  time,  other  ehflngcs  of  ctiual  importance  lake  plMf 
in  tht'  internal  organs.  The  tadpole  at  lirst  breathes  by  ^lls  ;  but  then 
orgaiif?  subsequently  become  atrophied,  and  are  replaceil  >>y  lungs.  The 
structure  of  the  mouth,  also,  of  the  iiiteguraent,  and  of  the  circiiUtoij 
system,  is  altered  to  eorrespotid  with  the  varying  conditions  and  waatt 
of  the  growing  oiganism  ;  and  nil  these  changes  taking  plnce,  in  p«rt 
successively  and  in  part  Himidtsuieously,  bring  the  animal  at  last  to  i 
state  of  complete  formation. 

The  process  of  development,  as  thus  far  descriljed,  may  \>c  i.  .  ij.i:ii 
lated  as  foHows  : 

1.  The  germinal  membrane  or  blastoderm,  produced  by  the  8e>27nent»> 
tion  of  the  vitellns,  consists  of  two  cellular  layers,  namely,  an  external 
and  an  internal  blftstoderraie  layer. 

2.  The  external  blastodermic  layer  Incloses  by  its  dorsnl  phntcs  the 
cerehro-spinal  eunal,  and  by  its  ahdominid  plates  tlie  abclominal  ot 
visceral  cavity. 

3.  The  internal  blasto<lermic  layer  forms  the  intestin.il  canal,  widci 
becomes  lengthened  an<l  convoluted,  and  communicates  with  the ejct*riu>r 
hy  A  mouth  and  ntms  of  secomlary  formation. 

4.  Finally,  the  cerebrn-spin;il  nxi.n  and  its  nerves,  the  skeleton,  the 
organs  of  special  sense,  the  integument,  and  the  voluntar3"  miiaclea,  are 
developed  from  the  externul  blastotlermic  layer  ;  while  the  anterior  and 
posterior  extremities  are  formed  from  the  same  layer  hy  a  proccM  of 
sprouting,  or  continuous  growth. 


mm 


CHAPTER  YIII. 


FORMATION  OF  THE  EMBRYO  IN  THE  FOWL'S  EGO. 


Ik  the  preceding  obiipter  a  condensed  description  hns  been  piven  of 
the  general  phenumetia  of  emiiryonie  devehjptiifnt,  as*  illuhtraU'd  in  the 
egg  of  the  frog  This  species  is  usefid  as  an  example,  to  exhibit  the 
lirogrcssivc  allerations  of  form  whicli  loud  to  the  (imil  production  of 
a  vertebrate  animsU  out  of  the  fecundated  vitellus,  uncomplicated  by  the 
presence  of  any  accessoiy  organs.  But  the  devciotinicnt  of  the  chick,  in 
the  egg  of  the  fowl  during  iucubatioii,  has  been  found  more  favorable 
fur  the  study  of  certain  important  details.  The  readiness  with  wlncli  the 
fowl's  egg  may  be  obtained  in  all  the  successive  utagcs  of  incubation, 
and  the  convenient  size  of  the  emliryo  in  tiie  earlier  periods  of  il>*  forma- 
tion, have  made  it  a  favorite  subject  of  investigation  for  emhryologists ; 
and  some  of  the  most  valuable  discoveries  in  this  department  of  physi- 
oUigy  have  resulted  from  observations  upon  the  young  chick  and  the 
mode  of  formation  of  its  different  organs. 

The  YulL-  and  t/ie  Civatricttla. — The  yolk  of  the  fowl's  egg  represents 
something  more  than  the  vitelbts  proper.  Its  principal  mass  consistfii 
of  an  0|>aque,  yellow,  semilbiid  sid»stance,  the  "yellow  yolk,"  which 
solidifies  on  boiling,  owing  to  its  large  |)roportion  of  albuminous  matter. 
This  substnnce  contains  a  great  abundance  of  soft,  spherical,  finely 
grnuular  bodies,  from  25  to  llKl  nimni.  in  diameter. 

The  yellow  yolk  is  surrounded  everywhere  by  a  thin  layer  of  nearly 
coloHess  appearance,  the  "  white  yolk,"  which  contains,  inste.md  of  the 
granular  spheres  described  above,  smaller  globular  bodies  with  one  or 
more  brightly  refracting  masses  in  their  interior.  The  albuminous 
matter  of  the  white  3'olk,  furthermore,  does  not  solidify  firmly  on  the 
application  of  bent;  so  that  in  a  boiled  egg  the  thin  outer  stratum  of  this 
substance  remains  semilluid.  There  is  also  a  spot  in  the  centre  of  tl»e 
yolk-sphcrcj  which  is  occupied  by  the  same  material,  and  which  conse- 
quently remains  soft  in  the  boiled  egg ;  the  central  cavity  thus  left 
commtinicatiiig  with  the  surface  of  the  yolk  by  a  narrow  passage,  like 
the  m'ck  of  a  flask. 

The  whole  yolk  is  thus  formed  of  two  substances,  winch  are  distin- 
guished from  each  other  by  their  microscopic  characters  and  by  their 
comparative  coagulability  at  the  temiverature  of  boiling  water,  ^'either 
of  the  two  corresponds  with  the  gramdar  vitellns  of  the  mammalian  egg ; 
and  the  yolk,  as  a  whole,  constitutes  a  deposit  of  nutritious  material, 
superadded  to  the  vitellus  proper,  and  destined  to  be  absorbed  for  the 
support  of  the  embryonic  tissues.  This  yolk,  however,  is  formed,  in 
47  '  (  T29  ) 
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birds,  williin  the  ovarian  fuiliule,  and  is,  in  respect  to  its  %*oluine,  Ihe 
main  conslitiit'nt  of  the  ovarian  egg. 

At  one  point  upon  the  siirface  of  the  yolk  of  the  fowl's  egg,  while  still 
contfiiiied  within  thf  ovaiiati  fcjlliete,  tht-re  is  a  whitish  circular  s|>ot 
about  5  uiilljmetrea  in  diameter,  lying  immediately  beneath  the  vitelline 
membrane.  This  is  the  cicairicula,  it  is  a  thin  layer  of  unifurmlv 
gramdur  ttmterjid,  fontainiiig  none  of  the  spherical  bodies  found  in  tbi* 
white  atid  yellow  yolk.  Its  gianules  iiiv  imbedded  in  a  hotuogeneuuK 
snbstanoe  of  vistud  consistency,  by  whieh  they  arc  agglutinat«<1  into  n 
disk  like  mass.  Fn  its  centre  is  contained  the  gemunative  vesicle, 
which  is  rlistinctly  visible  by  its  transparency  and  weU<Iefine<l  outline, 
until  the  mature  egg  is  leady  lo  le^ive  the  ovnry,  when  it  dieoippearH, 
as  in  other  classes  of  animals.  The  eicatricula  of  the  fowl's  egg  eor- 
responds^  therefore,  in  its  structure,  though  not  in  its  fortn,  with  the 
entire  vitcllus  of  the  matiitualJan  egg.  Its  position  is  always  exactly 
above  the  tubular  jirnloiigation  of  white  yolk,  already  describe<J  x* 
leading  to  the  central  t^avity  of  the  egg. 

Formation  of  (he  Blaxiodprm. — The  fowl's  egg  is  fecundated  soon 
after  leaving  the  ovarj',  and  while  in  the  "pper  portion  of  the  ovi- 
duct. The  segmentation  of  the  cicatriciiLa  then  begins,  by  a  furrow 
which  passes  across  its  disk,  and  which  is  followed  by  others  running 
in  ditferent  directions.  By  the  continued  multiplication  of  tliese  fnr- 
rows,  the  substance  of  the  eicatricula  is  divided  successively  into 
smaller  and  smaller  portions •,  tho  process  beginning  an<l  prooeediiig 
most  rapidly  at  its  centre,  but  extending  tlience  outward  to  the  peri- 
phery. When  these  divisions  have  become  reduced  in  size  and  increa8e<1 
in  number  to  a  certain  degree,  they  present,  as  in  other  instnnces,  the 
form  and  structure  of  distinct  cells.  The  cells  arc  in  two  layers.  Tho>»e 
of  the  upper  laj'er  are  smaller,  more  numerous,  cylindrical  or  prismatic 

Fig.  250. 


Tbrtical  SccTioir  rnnoroH  a  roiiTroK  or  rnt  BLAaTODKftx  of  a  fowI> 
ef;it,  St  the  coreiDencemcnt  of  iDcubatlon. — 1.  Upp^r  ceUular  layer.  1.  L.owct  c«ilDlar  Uvrt 
3, 3,  Larger  c^IIh,  Tuuuil  ia  ixunJI  numher  twnefttli  thoite  of  the  lower  Uyer.     i  Foster  i>a<l  Bnl- 

(our.) 

in  form,  standing  upright  side  by  side,  like  tite  cells  of  columnar  epithet 
Hum,  and  adherent  to  each  other  by  their  adjacent  surfaces.  According 
to  Foster  and  Ualfoiir'  they  have  a  very  uniform  size  of  9  mmm.,  and 
most,  if  not  all  of  them  are  provirled  with  a  riistinct  oval  nucleus.    The 
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cells  of  tbc  lowt-r  Uiyer  are  rather  larger,  more  globular  iu  fonnjaiMl  less 
closely  united  with  each  other.  The  wliote  forin»  hu  orgunizt^l  ct-lltilar 
metiibi'uiic,  the  blastoderm^  which  ouctipiea  the  plttco  of  ihu  original 
cicatricula. 

TliiiH  the  blastcxlcrm,  or  gcrniinsd  iTiembrane,  is  formiwl  in  tlic  iiu|>rvg- 
nated  lovvl's  i>g<^  hy  ii  i)ix>ce88  of  st-giijeiilation  fssfntijiHy  Hiuiihir  to  that 
wirifli  takes  place  in  eggs  of  utluM'  kiinls.  It  |)rc.st'nt.H  the  iip|H.'ariirieo  of 
a  tliiii  slieel,  of  iinirnnii  texture,  eurajiused  of  iintbiiig  but  eetis,  lying 
at  one  spot  upon  ihe  surface  of  the  yolk.  Ila  formation,  vvhieh  l^egins 
imnicjtlliitely  after  the  iiiipregnation  of  the  egg,  continues,  under  the 
iuducuct;  of  the  animal  tfiiiperjiture,  during  the  eigliteen  or  twenty  hours 
that  the  egg  is  retained  iti  Ihe  oviduct  for  Ihe  deposit  of  its  alhimieii  and 
external  envelo|»eH.  Atx-ording  to  F(»stiT  ami  Bnlfour,  it  has  reached  ihe 
condition  of  a  distinct  cellular  roeiiihinue  at  the  time  of  the  expuUiou 
of  the  egg.  If  afterward  kept  at  a  low  temi>erature  it  remains  in  this 
slate  ;  but,  if  milijeuted  to  iiatnnd  or  niiiflciall  inculmtion  at  a  temi)erft- 
ture  of  3*^  (lt»0'  V.)^  it  goes  on  to  the  further  development  of  the  Inxly 
of  tiie  embryo. 

FvIcIh  of  ihe  B!ayloderin. — The  form  of  the  botly  of  the  embryo  and 
of  its  dilfei-ent  pjirt.s  is  sketche<i  out,  in  all  cases,  I13'  means  of  a  series 
of  folds,  wJiich  eliKtv  thenjselves  ut  various  points  in  the  lilasto<lerm. 
This  membrane  presents  at  (irst  a  flat  surface;  or,  if  it  liave  a  certain 
.  degri-e  of  convexity,  corresponding  with  that  of  the  yolk  u[H»a  which  it 
lies,  this  cifnyexity  is  pi-rfiitly  uniform,  and  is  too  slight!}*  proiicnuici»d 
to  Jie  apitrwiabie  wiihiu  the  liniits  of  Ihe  bhisto^h-nM.  But  as  sofMi  as 
development  begins  to  make  a  definite  progress,  this  uniformity  of  sur- 
face 13  hriikin  by  the  a|>|)earance  of  fohls  or  ridges,  whicli  are  directed 
longitudiualty  or  irnnsvetsely,  and  which  thus  mark  the  lines  of  separa- 
tion between  dilferent  parts  of  the  blaMtinlerm.  Such  a  fold,  running  in 
a  curvilinear  direction  from  side  to  side,  marks  the  position  of  llie  liead 
of  the  emlu-yo,  and  is  called  the  "head-fold.''  The  free  Itonler  of  this 
mans,  jirojecting  forwani  and  above  tl»e  neigldmring  portion  of  the  blas- 
toderm, U'comes  in  f;ict  the  head,  which,  as  well  as  the  neck,  is  curved 
more  and  more  forward  an«l  downwanl,  in  tlie  subsequent  stages  of 
embryonic  growth,  with  the  deepening  of  tlie  fold  which  first  gave  origin 
to  it  as  a  distinct  pjtrt.  A  similar  transverse  curvilinear  fold  at  the 
posterior  p^)rtion  of  the  area  pellucida,  marks  off  the  hinder  extremity 
of  the  embryo,  and  is  called  the  "  tail-fold."  Longitudinal  folds  are 
also  formed  in  the  same  manner,  one  on  each  side,  which  fix  the  lateral 
limits  of  the  tioriy  of  the  embryo. 

IJy  this  means,  a  certain  portion  of  the  blastoflerm  becomes  distinctly 
marked  off  from  the  rest.  The  part  included  within  the  transverse  and 
longitudinal  fohls  is  immediately  recognizable  as  the  iKwIy  of  the  embryo; 
while  that  which  remains  outsiile  these  limits  l»ecome»  developed  into 
accessory  organs,  playing  an  importAut  though  secondary  part  iu  the 
history  of  development.  This  forms  a  marked  distinction  between  the 
process  as  it  takes  place  in  the  fowPs  egg,  and  that  already  described  in 
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ilie  egg  of  the  frog.  In  llio  (Vog,  the  whole  of  the  blastoderm  serves  for 
tht;  Ibnnation  ol"  the  liody  of  the  etuhryo.  In  the  fowl,  only  a  portion 
of  it  is  immc'itiatflv  <li'Voteil  to  that  obji'ct;  while  the  remainder  cxten<U 
itself  over  the  volumiiious  yolk,  to  he  era|>loyed  for  the  absorption  of 
nutritious  material  and  its  indirect  transfer  to  the  embryonic  lifesufs. 

But  even  within  the  limita  of  the  Inxly  of  the  embryo,  similar  folds 
of  the  hlastodcrm  liecome  visible,  and  are  the  principal  lueans  of  forma- 
tion for  its  different  oririins.     The  eailit-st  pcrmnnent  appearancva  of 
this  kind  are  the  Idnpitudinal   ridges  which  iuchule  between  tbem  ibe 
"  nu'diillfiry  groove"  {Fig.  2i>2,  1.),  lUid  which  afterward,  I13*  coalescitig 
witli  ench  other  along  the  median  line  of  the  back,  inclose  the  nicilul- 
lary  cnnul  fFig.  2S2,  II.).   Tiint  these  Hilgfs  or  *' doi-sal  platc-s"  as  »til 
as  the  groove  betwt-en  lliein,  aie  |irucbiced  by  the  formation  of  foUl^,  is 
plain  from  the  fact  that  the  surfjiee  of  the  groove,  while  still  opeo,  i* 
continnons,  over  its  miduhiting  bctrders,  witli  that  of  the  neighl 
pjut  of  the  bljistiHlerra  ;  and  that  afti*r  its  closure,  its   cavity  i^ 
with  a  layer  of  cells  identical  in  form  with  those  on  the  free  surfatv  v\ 
tlie  blastoderm  above.     It  is  also  shown,  by  transverse  Bections  of  lU 
embryo  (His,  Foster  and   Halfour),  that   the  folds    in    question   ymx 
through  the  whole  thickness  of  the  outer  bJastodermic  In.^cr.     Aceonl- 
ing  to  Foster  nnd   Bulfotir,  tlie  medullary  canal,  in  the   fowl's  egg,  in 
completely  closed  at  the  region  of  the  head  on  the  second  day  of  incu- 
bation ;  after  which  the  coalescence  of  its  edges  goes  on   progressivK'ly 
from  before  Imckwiird. 

The  closure  of  the  abdotnon  in  front,  and  the  conversion  of  the  inner 
layer  of  the  blastoderm  into  an  intestinal  canal,  take  place  by  a  similar 
production  of  lateral  folds,  approaching  each  other  along  the  Tnc<lian 
line.  For,  as  the  limits  of  the  hoiiy  of  the  embryo  are  marked  off,  <>n 
each  side,  from  the  rest  of  the  blastoderm  by  aa  inverted  fohl,  whi-ii 
this  fold  becomes  deeper  its  borders  are  brought  nearer  to  each  other. 
Thns  the  body  of  the  embryo  is  at  first  spread  out  on  the  surface  of  the 
vitellns,  lying,  as  it  tvcre,  upon  the  mucous  membrane  of  its  opon  alimen- 
tary canal.  But  as  the  folds  which  mark  its  lateral  borders  ]>enetnite 
more  deet»h-  below  the  surface  (Fig.  2.^2,  IV.),  the  sides  of  the  embryo 
shut  in  between  them  a  portion  of  this  mucous  membrane,  and  at  lost 
completely  inclose  it  in  the  idiflominal  cavity,  in  the  samu  manner  as  the 
dorsal  folds  inclose  the  medullary  canal. 

The  folds  of  the  blastotlenn,  which  thns  determine  the  conflguratiou 
of  the  embryo,  are  the  result  of  a  special  activity  of  growth  in  jiar- 
ticular  parts  of  tfie  l>lastodermic  layers.  If  the  blastoderm  were  to 
grow  only  at  its  edges,  these  would  simply  extend  farther  and  farther 
over  the  vitc-llus,  the  central  portion  remaining  as  l)efore.  Or  if  it  were 
to  increase  at  a  uniform  rate  in  all  its  parts  at  the  same  time,  its  form 
would  not  necessarily'  be  subjected  to  any  special  nlteration.  This  W 
what  really  takes  place  during  the  pro<)uction  of  the  Idnstodcrm  itsi-lf. 
The  segmentation  of  the  vitellus,  and  the  orgnnizatioti  of  the  cellalor 
layers,  go  on  with  a  slrailar  activity  in  all  directions,  extending  nah 
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formly  fiom  the  centre  outward.  The  blastoderm  Hcconlinglj-,  when 
CMTiipleterl,  is  a  bmuutb,  even  membrane,  having  the  same  texture 
througliuiiL 

But  wiitn  the  jirocesa  of  jncubntion  commetices,  the  blastoderm  grows 
more  rapidly  at  [mrlicular  jKjiiits,  and  along  ct'itain  lines  of  direction, 
than  elsewhere.  What  may  be  the  determiniiig  eaii.se  of  such  a  con- 
centration of  growth  in  Bpecial  situations,  it  In  impossihle  to  say;  but 
its  result  is  that  the  blastodenn,  eiilaiging  more  rintidly  in  one  (Hrectiou 
than  another,  is  thrown  into  iniduUitions,  which  indicate,  by  their  posi- 
tion and  Hize,  the  unequal  expansion  of  the  blustotlermiu  membrane. 
Thus,  if  it  grow  more  rapidly  at  one  particular  |>oint  than  in  any  of  the 
fiurroundiiig  parts,  il  will  form  at  that  spot  a  conical  eniinence  or  de- 
pri-s.sioii,  mx'onltiig  uh  it  meets  with  less  resiBlnnce  above  or  U-low,  If 
a  siniiliir  vapidity  of  increase  were  to  aJfeet  a  consideralile  portion  of  the 
iiicndiraiie  along  a  transverse  line,  the  consequence  would  be  a  transverse 
fuUl;  aiul  if  the  same  thing  were  to  occur  in  an  antero-posterior  diretv 
tion,  it  w^ould  cause  a  longitudinal  fold.  'I'lie  sultsoquent  history  of  em- 
bryonic development  phows  continual  rc]ietilious  of  this  process,  often 
on  a  much  larger  Bc;ile  than  that  exhibited  in  the  blastoderm.  The 
folds  of  the  intestirud  cunal^  the  valvulje  couuiventes  of  its  mucous 
membrane,  the  eonvoIiitioiiH  of  the  Itr.-un,  jtnd  the  t(d)nlur  windings  of 
the  persjnratory  ghuids,  with  muiiy  other  analogous  forms,  are  pro- 
duced in  a  siuiilnr  way.  All  these  structures  are  at  fir»t  smooth  or 
straight.  They  liecome  thrown  into  folds  ormnvobitiona  at  some  period 
during  the  deveUijmunt  of  the  embryo,  whenever  they  grow  more 
rapidly  than  the  surrounding  parts. 

Pvniltun  of  the  Embryo  in  Ihe  L'fi(], — Althouglj  the  blastoderm  is  at 
first  njiparently  of  uniform  etrm-tnre  throughout,  j-et  each  particular 
p;irt  h.TS  from  the  lirginning  a  phyrtiological  individuality,  which  leads 
to  its  subsequent  dewlMptnent  into  a  special  organ  or  part  of  an  organ. 
This  is  evident  from  the  manner  in  which  the  loial  activity  of  nutrition 
gives  rise  to  the  ;ip]>enrance  of  folds,  running  in  defijute  directions,  and 
determining  in  this  "way  tlie  future  bxation  of  the  head,  the  tail,  and 
tl>e  sides  of  the  body.  But  it  is  manifested  still  more  remarkaldy  in 
the  position  assumed  by  the  entire  embryo.  The  yolk  of  the  fowl's  egg 
has  a  nearly  regular  spherical  form;  and  the  cicntricula,  as  well  as  the 
blastoderm  into  which  it  is  converted,  is  a  circular  s{>ot  upon  its  surface 
,The  ovoid  form  presented  by  the  whide  egg,  with  one  round  and  one 
porntetl  extremity,  is  given  to  it  by  the  dei^sit  of  albumen  round  the 
yolk,  in  the  middle  nm]  lowt-r  parts  of  the  oviduct,  alter  fecundation 
has  taken  pbice.  And  yet,  when  the  nulimenls  of  the  embryo  first 
become  i^»eceptible  in  the  area  |>el!ucida,  it  is  so  placerl  as  to  lie  cross- 
wise to  the  long  aasis  of  the  egg,  with  its  right  side  toward  the  rouml 
end  and  its  left  side  toward  the  pointed  end.  The  exceptions  to  this 
rule  are  so  few  as  to  show  that,  even  before  incubation  has  commenced, 
one  particular  j>ortion  of  tl»e  circular  blastoderm  is  destined  to  become 
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the  liend  nnd  another  [turtion  thi;  tnil;  and  conscqtii-ntlr  tlmt  erery  one 
uf  the  fututv  orgauu  ut'  the  embryu  has  its  poiut  of  origin  alread)'  fixed. 

Divinion  of  the  Bla^toder mi f  Layers. — The  bla8t<M]erin  when  first 
formed  consists,  a«  above  dest"i*ibe<l,  of  two  hiyers  of  cflls;  those  olth.- 
external  layer  being  eyiitidrical  and  compact,  those  of  the  inteTiiil, 
larger^  rounded,  and  more  loosely  uoiineeliHl.  The  outer  blastodennic 
layer  forms  the  tegunieutary  surface  of  the  botly  uud  the  cavity  of  Uie 
cereliro-spliial  axis;  the  inner  is  converted  into  the  niiicous  meuibrane 
of  the  a  I i melt  tar y  canal.  iJiit  between  the  two  there  soon  npfK-ara 
another  formation  of  eelU,  which  is  sometimes  8pokeu  of  as  the  tliirl 
or  "intermediate'"  blnstotleiinic  layer.  The  cells  of  this  layer  are  ia 
iniuiedifite  coutiict  with,  nntl  more  or  less  ailherent  to,  those  of  the  two 
others;  but  tticy  are  miiiuled  in  form  and  rather  loosely  united,  In  com- 
parison both  with  Ihctse  altove  and  below.  The  intermediate  layer,  in 
the  Ipljistodcrm  of  the  fowl's  cgrg,  is  distinctlj'  formed,  according  to 
Fester  and  IJalfonr,  in  the  tirst  twelve  hours  of  incubation. 

The  exact  number  and  desijiiintinn  of  tlie  fundamentnl  layers  of  tlie 
blastoderm  has  been  and  slill  is  the  main  point  of  discrej>aney  in  Uie 
writings  of  embr3-ologi8tft.     There  ia  no  difference  of  opinion  as  to  Ibc 
existence  or  destination  of  the  two  principal  layers,  namely,  the  external 
ami   inlernftl,  which  are  the  first  to  nuilie  their  appearaiice,  nta  ul»<>ve 
described.     They  form  nwiiectivelj'  the  basis  for  the  production  of  the 
external  sensitive  inttgument  and  ccrebrt>-s]iinal  axis  on  the  one  hand, 
and  for  the  lining  of  the  alimentary  ennal  with  il3  adjacent  glnndidnr 
organs  on  the  other.     lUit  the  intermediate  portion,  formerly  descrihwl 
HB  the  ''vusculiir  h^er,*'  iw  coimected  both  with  the  organs  of  animai 
life  and  with  those  of  digestion  and  nutrition.     It  is,  therefore^  by  fcorae 
regardcil  as  an  independent  layer,  equal  in  original  ini|K»rtance  to  tlie 
other  tw'o;  by  others  as  an  accessury  forinatiun,  destined  tf»  aid  in  tlia 
development  of  both  the  external  and  intem«l  [larts.     According  to 
Ili7<,'  wliosc  obaervaticitis  are  among  the  most  extensive  nml  valuable 
in  the  dejiartment  uf  embryology,  the  most  appropriate  enumeration  b 
tlie  obler  one,  of  an  external  amJ  internal  ltlastode<*raic  layer  ;   Biiioc  the 
cells  of  the  intermediate  portion  remain  attached  partly   to  the  outer 
aiul   partly  to  the  inner  layer,  when  the  separation  between   the  two 
takes  plitce  in  llic  manner  now  to  be  described. 

Immedintely  umlerntnth  the  meilidtary  canal,  niong  the  Axia]  line  of 
the  boily  of  the  embrycf,  there  is  formed  in  the  intermediate  layer  of 
the  blastoderm  a  cylindrical  t^rd,  termed  the  "chorda  dorsalia*' (Fig. 
252,  c),  wliich  marks  the  situation  of  the  future  spinal  colotnu.  For 
a  ccitJiin  distance  on  each  sirle  of  the  ehonla  dorsalis,  the  coniponeat 
parts  of  the  blasttKlerm  remain  in  contnet  with  each  other  tiirougbout 
its  thickness.  But  farther  outward,  toward  the  edges  of  the  embryo, 
it  sepnniles,  by  a  horizontal  division  or  cleav»ge,  into  two  I.tminie,  an 
outer  and  inner,  or  upi»er  and  lower.     This  cleavage  takes  place  apu^ 

'  Uuscre  Korperform.     Lcipiig,  187.1,  p.  38. 
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t-eiitly  in  coiisequebee  of  an  unequal  mpidity  of  growth  in  the  two  blas- 
Itxlermio  layers.  Both  layers  nre  now  vxU'udiitg  outwtinl,  downward, 
and  inward,  by  tlie  deeij^ning  ol'  thi;  lutcrnl  longitudinal  fulds ;  tending 
to  a|)[>roacli  tlit;  UKHlinn  lino  »nd  tliUH  Hbtit  in  ihv  ulKlomen  uud  ali- 
nxeiit:iry  canal.  But  the  exterasd  layer,  wijiL'h  ia  lo  funti  the  walls  of 
E  the  uhdoiiieu,  grows  more  rapitlly,  ami  tends  to  inclose  u  larger  space, 
than  the  internal  layer,  which  is  to  form  the  lining  Diembraue  of  the 
I  intestine.  Wlierever  tins  hapjK'ns,  a  separation  lakes  place  lietwcen 
I  the  two,  at  the  expense  of  the  internjediste  layer,  some  of  the  cells  of 
I  whieh  remain  attached  to  the  external  and  some  to  the  internal  blasto- 
I       dermic  layer. 

VBRTICAI,  SkoTIOX  of  a  POBTIOIT  OrTBR  BLA«TOD«mMOrTH«F0Wt»8  Eoo, 
la  proceai  of  ■rparnllon  Into  two  tAmiDK. — I.  £«ternnl  blaitciilprmto  Ixypr.  2  Intcrnkl 
blftitodermic  layer,  a.  (^ells  of  the  Intermedinte  iB)er,  jiarlly  draurti  out  Into  QlJimeiituua 
eKteaaloaa.    MagalQca  360  iliametera.    (UU.) 

The  cleavage  or  division  of  the  blastoderm  into  two  laminjc,  as  above 
descrilvd,  d<je8  not  lake  place  everywiiere  (simullaneousiy.  It  occurs 
here  and  there,  as  l!ie  process  of  growth  becomes  more  active  in  par- 
ticnlnr  spots.  But  the  general  course  of  its  extension  is  from  without 
inward,  or  from  the  lateral  boitlers  of  the  endiryo  toward  the  median 
line.  It  does  not,  however,  reach  the  median  line,  but  leaves  a  con- 
siderable space  around  the  chorda  dorsalis  and  on  each  side  of  it  still 
undivi<led,  when  the  lateral  |K>rtion8  of  the  blasto<lenn  are  already 
completely  separated  into  their  two  lamina:. 

B}-  the  separatiott  of  the  lamina;  of  the  blastoderm  thus  effectetl,  a 
space  or  interval  {  Fig.  2:v2^  &)  is  left  lietweeu  the  two.  This  space,  when 
the  closure  of  the  aUlominal  walls  is  aeconiplishe<l,  becomes  the  perito- 
neal cavity.  The  cells  of  the  interme<liate  layer  subsequently  give  nse 
to  the  development  nf  muscular  tisnue ;  and  that  portion  which,  in  the 
separation  of  llie  two  laniina>,  conthuies  adherent  to  the  external  !;iyer, 
pnxUioes  the  voUintary  muscles  of  the  chest  and  abdomen.  The  por- 
tion remaining  adherent  to  the  internal  layer,  on  the  other  hand,  pro- 
duces the  involiiiitary  mu«culnrcoat  of  the  alimentary'  canal.  In  Figure 
2S2,  II.,  Ill-,  and  IV.,  those  two  jmrtions  of  the  intermediate  layer, 
which  give  rise  respectinely  to  voluntary  and  involuntary  muscular 
tissue,  are  seen  shaded  with  parallel  lines. 

Primilii^e  Vertehrte — Fortnntion  of  the  Spinal  Column  and  tin  Mux- 
dea. — Already  on  the  second  day  of  incuhatitm  there  have  ap|)eared, 
on  each  side  of  the  chorda  dorsalis  sikI  medullary  canal,  a  number 


Trassverrk  Skctio^  of  thb  CBicK-xitBRTO,  at  (liffercot  itAget  of  derelopi 
M Agnlflpil  44  Oianirtf>ra. 
L  On  Um  lecond  dny  ol  Incubation. 

II.  Betwcrn  the  itpcond  and  third  dayi. 

III.  LIU  the  thlril  liny. 

IV.  On  the  fourth  ilny. 
1,  Mt'dullnry  gruuve.     2    McilullHTy  ea.DAl.    S.  External  btnitodprmle    layer,     4.  Inleniii! 

blMBtcxlerniic  Inyer.  fi.  Space  of  ■eiMrtitkon  betwceu  Ihr  two  lamlfiae  of  the  blastoder 
future  pcrltoiienlcnvKy.  0.  Cliorda  dorialli.  T.  Pilmltlve  Tertebrte.  8.  Aortit-  «.  Cat 
of  (he  liitcitloe.    (Ula.) 
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ttire  will  afterword  be  developed.    But  tliej'  do  not  represent  imme- 
diately and  exclusively  the  bodies  of  tlie  vertebra?.     They  arc  to  serve, 
not  only  for  the  formatiun  of  these  nrgnns,  but  ntso  for  that  of  tbe  spii 
muscles  on  the  one  baud  and  of  the  museular  layer  of  the  aorta  on  tl 
other.     They   are  therefore   known   as  the  primitive   vertebrae.     Jo  ■ 
trauaverse  section  of  theae  botlies  (Fig.  252,  7 )  there  is  an  evident  dis- 


ictiun  lietween  their  central  portion  or  micleiisj,  and  their  external 

jriioti  or  bhell.  Tbe  inicleus  it$  more  tratispitrent,  and  will  ftHerward 
Ipply  \he  enrtilagirioiis  tk'posit  l\n-  the  pemiaueut  vcrtebrtt ;  the  shell 
Ilia  a  raUiiitiijg  htriatfU  texturi-,  ami  bt-rves  lor  the  forinutiun  of  mus- 
eular  tissue. 

On  the  second  (lay  of  ijivubation  (Fig.  2.'j5J,  I.)  the  primitive  vcrt«- 
brie,  lis  seen  in  transverse  seelion,  have  the  form  of  a  njiirow  oval,  with 
a  Kriiall  nucleus  ami  a  compaiativfty  thick  an<l  pcrfeetly  continuous 
shell.  From  the  secoml  to  the  third  <hty  (Fig.  252,  II.)  the  nucleus 
grows  more  rapidly  than  the  outer  part^,  vvbich  it  pushes  upward  and 
downward  ;  and  the  shell  begins  to  show  indications  of  a  separation 
into  upper  ami  lower  portions.  On  tbe  thinl  tlay  iFig.  252,  III.)  thi8 
separation  is  complete;  and  the  up[)er  portion  of  the  bbell,  taking  a 
position  more  or  less  parallel  with  the  outline  of  the  body  at  this  point, 
will  become  Ihe  layer  of  voluntary  niusfles  about  the  spinal  column. 
Its  lower  portion  recedes  fartlicr  from  above  «lowiiwBrd,  ami  approaeJies 
the  situation  of  the  double  aorta  (s),  which  it  will  afterward  ^lupply  with 
its  involuntary  mnsiular  layer.  In  n  section  of  the  embryo  at  tbe 
fourth  day  ( Fig.  252,  IV.)  the  final  position  of  the.se  two  muscular 
layers  is  distinctly  marked  ;  the  projection  of  the  spinal  ridge,  on  the 
one  hand,  having  become  higher  and  steeper,  and,  on  the  other,  the 
double  aorta  having  been  fused  into  a  single  vascular  canal. 

The  nucleus  of  the  primitive  vertebra,  in  the  mean  time,  extends 
upward  and  inward,  in  such  a  manner  as*  to  surround  both  the  medul- 
lary camd  and  the  chorda  dorsalis,  which  it  embraces  in  a  tissue  of  new 
fonnation.  This  tissue  afterward  supplies  the  cartilage,  both  of  the 
bodies  of  the  vertebra',  and  of  the  oblique  pnx-osses  which  inclose  the 
spinal  canal  at  its  sides  and  bthiiid.  But  when  tliese  cartilages  are 
formed,  it  is  observed  that  they  do  not  correspond  iu  situation  with  the 
original  primitive  vertebrre.  A  new  segmentation  takes  place,  by  which 
tbe  lines  of  separation  l>etween  tlie  snccessive  permanent  vertebra;  paaa 
through  the  middle  of  what  were  the  primitive  vertebra?;'  and  conse- 
quently each  |>ermanent  vertebra  is  formc<l  out  of  tlie  adjacent  halves 
of  two  primitive  vertebr<e.  The  chorda  doraalis,  included  in  the  car- 
tilaginous matrix  of  the  iRxlies  of  the  vertebrae,  ceases  to  grow  in  a 
corresponding  ratio  with  the  neighboring  parts,  becomes  atrophieil,  and 
di8apiH?ars ;  while  the  botlies  of  the  vertebrae,  which  surrouml  it,  are 
rapidly  enlarged,  and  assume  the  form  and  size  of  the  principal  com- 
ponent parts  of  the  spinal  oidumn. 


■  Foster  and  Balfour,  Elements  of  Embryology.     London,  1874.  p.  153. 


CHAPTER    IX. 

DEVELOPMENT  OF  ACCESSORY  ORGANS  IN  Tf 
I  M  PliE(iN  ATEU  EGG.  UMUILICAL  VK8ICLE.  A 
NION,   AND   ALLAN T CIS. 

Thus  f&r,  tbc  process  of  ttcvcIopnjGnt  has  been  followed  as  it  rel»J« 
to  tlie  pri:nary  formation  of  tlic  |>nnci|>ai  parts  of  tlie  body  uf  the 
enibrj'o.  In  some  s|x?cies  of  animals  this  includes  all  the  uufMrtrtjUit 
Btruftuvfs  wliicb  sliow  tljomselves  in  tlie  iiii|)regiiatud  eg-^;  Uio  crnhno 
arriving  very  ^iooii  at  a  aUv^a  of  growth  in  which  it  is  lil^eratcil  by  \he 
rupture  of  tlie  vitt;lline  niembraue  and  is  already  capable  of  earning  on 
nn  indept'ndt'nt  existence.  But  in  many  fish  and  reptiles,  and  in  jJJ 
birds  and  mnmmalia,  there  are  additioniii  structures  >»liic*h  aid  in  thf 
nutrition  of  the  young  aninnd  during  thu  middle  and  latt-r  periods  of  iU 
devt'lopnicnt.  In  tliese  instances,  the  whole  of  the  blastoilerm  is  nut 
immediately  eonverttd  into  the  tissues  of  the  embryo.  Certain  jw- 
tions,  both  of  its  external  and  internal  htycrs,  remain  outsi<te  the  limits 
of  the  liofiy,  and  i>erlbmi,  in  this  situation,  the  function  of  ai.re5!kott 
organs.  These  organs  are  the  umbilical  vesicle,  the  amnion,  and  the 
allantois. 

Umbilical  Vesicle. 
In  the  frog'9  embryo  (page  12i))^  tljc  abdominal  plates,  closing  to- 
gether in  front,  join  each  other  upon  the  median  line,  an*l  shut  in  directlj 
the  whole  of  the  vildlus,  wliich  is  thus  inclosed  in   the  intestinal  SM 
fortiied  l.>y  the  internid  l)laHto<lerniic  iayiT. 

In  other  instances,  \\w  abdfnniiial  plates  do  not,  immediately  embrsW 
the  whole  of  the  vitelline  mass,  but  tetiil  to  close  together  nt  some  iiit«- 

mediate   jioint;   so  that  the    >irelltis  is  «»- 
stricled,  and  divide<l  into  two  portiotiA,  mob 
intemal,  and  one  external.      (Fig.  253.)     A« 
<leve!opment  proceeds,  the  body  of  the  end>no 
increases    in   size    out  of  proportion   to  the 
vitelline  sac,  and  the  constriction  just  men- 
tioned becomes  at  the  same  time  nior*^  strongly 
marked ;  so  that  the  separation  lietween  tbe 
internal  and  external  fiortions  of  the  Tit^llim 
sac  is  nearly  complete.     The  internal  IdasUv 
dermic   layer  is  by  this  means  divide*)  into 
two  portions,  one  of  which  forms  the  intestinal  canal,  while  tbe  other, 
remaining  outside,  forms  a  sac-like  appendage  to  the  abdomen,  knova 
by  the  name  of  the  umbilical  oesicle, 
i  738  ) 
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The  umliilicnl  vesicle  is  accordiiigly  lined  by  a  portion  of  the  internal 
blastodermic  ln3-er,  continuous  with  thu  nuicutiu  niunibrane  of  the  intes- 
tine; nnd  covered  by  a  portion  of  the  extonial  blastodermic  layer,  con- 
tinuous with  the  iiilefrdnieut  oT  tlie  alxlouit'ii. 

After  the  30ung  ftiiimal  k-avi-s  the  e<:g,  tin;  uniliilieal  vesicle  in  some 
flpeeies  bc-eouies  bhrunkeii  and  ntn,phii-d  by  the  ab8or|)tion  of  its  con- 
tents; while  in  others,  the  alMhmiinal  walla  gradually  extend  over  it, 
and  crowd  it  back  into  the  alMbmuii ;  the  nutritious  mutter  which  it 
oonlaiiis  ]).assiiij^  from  the  c«vit>'  of  the  vesicle  into  that  of  the  intes- 
tine by  the  narrow  passage  remaining  i*[H}n  between  I  hem. 

In  the  human  species,  on  the  other  hand,  as  welt  as  in  quadrupe<l8, 
Ihe  umbilical  vesicle  becomes  more  com)»k-te!y  separated  from  tlie  al>- 
doirtrii.  There  is  at  first  a  wide  cummuiitcatifm  be- 
tween the  cavity  of  the  uiJibilical  vesicle  an<l  tliftt  of  Fi?.  254. 
the  intestine ;  subsefjuenlly  this  communteatiou  is 
tjradually  narrowed  by  the  constriction  of  the  ali- 
domiiml  waJls;  and  this  con.stri<'tioti  proceeds  so  far 
that  the  opposite  surfaces  of  the  cauul  at  least  coiue 
in  contact  with  each  other  and  adhere  together,  so 
that  the  passage  previously  existing,  between  the 
cavity  of  the  intestine  and  that  of  the  umbilical 
Tcsicle,  is  obliterated,  and  the  vesicle  is  tlicn  coii- 
uectetl  with  the  alHlomen  only  by  an  imi»erviou8 
cord.  This  c«ird  afterwanl  elongati's,  and  becomes  with  umbiucni  vmi- 
converted  into  a  slender  pedicle  (Fig.  2o4),  emerging  ^'^;,j"''**"'  **""  """ 
from  tiie  nlKlonien  of  the  fa*tus,  and  conuected  by  its 
farther  extremity  with  the  iiuibiliial  vesicle,  which  is  fillet!  with  a  trans- 
]>arent, colorless  fluid.  The  umltilical  vesicle  is  distinctly  visible  in  the 
linman  fa'tus  so  late  ns  the  eiul  of  the  thinl  month.  After  that  period 
it  diminishes  in  size,  and  is  gradually  lust  in  the  advancing  development 
of  the  neighboring  parts. 


Human  Kmiiic  vo, 


Amnion  and  Allantois. 

The  amnion  nnd  allantois  are  t»vo  organs  which  can  be  best  studied 
in  Connection  with  each  other,  since  they  are  closely  related  in  physio- 
logical im|M>rtance;  the  ollU-e  of  the  first  lieing  to  provide  for  the  forma- 
tion of  the  second.  The  nmnion  is  <K'veloi»ed  from  the  external  lilasto- 
dermic  l.nyer;  the  allnnlois  Irom  the  inteniul  layer.  The  nninion  is  so 
called  probably  from  the  Qreek  dftm,  a  young  lamb;  on  account  of  its 
having  been  Hrst  observed  as  a  fa>tnl  envelope  in  this  animnl.  The 
name  c)f  the  allantois  is  also  derived  from  the  0)ri*ek  axxatrotilr^i,  owing 
to  its  elongated  or  sausage-like  form  in  the  pig,  and  some  other  of  the 
domestic  animals. 

In  the  frog's  egg,  the  embryo  is  abundantly  supplied  with  moistare, 
nir,  and  nourishment  from  without.  The  alisor|)tion  of  oxygen  and  of 
albuminous  liquids,  and  the  exhalation  of  enrlsMiic  ncid,  so  far  as  it 
is  ]>roduced,  can  readily  take  place  through  the  simple  membranes  of 
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the  egg;  especially  as  tbe  time  occupied  in  the* formation  of  the  jiri- 
mary  organs  is  vciy  short,  and  the  greater  part  of  the  proeess  of  Je- 
vek)pnietit  t°uniain«  to  he  accuuipliuhetl  after  the  young  a^iiuial  Ivavn 
the  eg^^ 

But  tu  liirds  ami  quadrupeds,  the  time  required  for  the  devclopmeiii 
of  the  emhryo  within  the  egg  is  longer.  The  young  animal  acquires  t 
TOore  perfect  organization  during  tlie  time  that  it  reiuains  inclosed  by 
its  membranes ;  and  the  processes  of  absor|)lion  and  exhalation  neces- 
sary for  its  growth,  heing  increased  in  aclitity  to  a  correspoudini; 
degree,  n-quire  a  s|(t'cial  organ  for  their  accomplishment.  This  oipiti, 
destined  to  bring  the  blooil  of  the  fa'tus  into  relation  with  the  uiiuih 
sphere  and  external  sources  of  nutrilion,  is  the  allantoig. 

In  the  frogj  ttie  internal  blastodermic  layer,  forming  the  intestinal 
inucous  membrane,  is  everywhere  inclosed  by  the  external  layer,  fgrm- 
ing  the  iuli'gnmerit.  But  in  the  higlier  animals  a  portion  uf  this  internal 
layer,  wliu-h  is  tlie  seat  of  the  greatest  vascularity,  and  vrhigh  i*  dt*- 
tined  to  produce  tiie  allantois,  is  brought  into  contact  with  the  cxt«niai 
memhrnue  of  the  Qgg  for  purposes  of  exhalation  ami  absorption;  awl 
this  can  only  be  accomplished  bj'  opening  a  passage  for  it  through  tLe 
external  btastculcrmic  layer.  This  is  done  in  the  following  manner  br 
the  foiiuation  of  the  amnion. 

Soon  alter  the  body  of  the  embryo  has  begun  to  be  formed,  by  tla 
tbickeuing  and  involution  of  tiie  external  blastodermic  layer,  a  • 
nry  fold  of  Ihiij  layer  rises  up  on  all  side- 
the  edges  of  the  newly-forme<l   embryo  ;  so  ti»l 
its  body  appears  as  if  sunk  in  a  kind  of  depRv 

«Bion,  and  surrounded  with  a  membranous  ridgt, 
\  as  in  Fig.  255.     The  embryo  (r)  is   here  seen  in 
)  profde.  with  tlie  external  membranous  folds,  abo^-v 

mentioned,  rising  up  in  advance  of  the  head.niyl 
behind  the  posterior  extremity.  The  same  tliinf 
tnkes  place  on  the  two  sides  of  the  fa'ttis,  hv  the 
formation  of  lateral  folds  simultancou.sly  with  th< 
appearance  of  those  in  front  and  Ix-hind.  Ai 
these  folds  are  destined  to  form  the  amnion,  they 
are  called  the  "amniotic  folds.'* 
The  amniotic  folds  continue  to  grow,  exteul* 
ing  forward,  backward,  ami  laterally,  until  they  approacli  each  other  at 
a  point  over  the  back  of  the  cml'ryo  (Fig.  256).  Their  op[>osite  e<igei 
aflerward  come  in  contact  with  eai  h  other  at  this  point,  and  adfa«rt 
togcUicr,  so  as  to  shut  in  a  Rpnce  (Fig.  25fi,  b)  between  their  inner  sur- 
face and  the  body  of  the  embryo.  This  space,  which  contains  a  thin 
layer  of  clear  fluid,  is  the  amniotic  cavity. 

There  now  appears  a  prolongation  or  diverticulum    (Fig.    2'' 
growing  from  the  posterior  portion  of  the  intestinal  canal,  ami    i 
ing  the  course  of  the  amniotic  fold  which  has  preceded   it;  occnpying, 
as  it  gradually  enlarges  and  protrudes,  the  space  left  vacant  bv  the 
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naing  up  of  the  amniotic  foM.  Thi-^tliverticulum  is  the  comtnencement 
of  the  allantois.  It  is  an  elongated  incnibrutioiis  sac,  continuous  with 
the  posterior  portion  of  tlio  iutestine,  ami  con- 
taining blood vessL'ks  cleriverj  from  those  of  ihe 
intc£>tinal  firculalioii.  The  cavity  of  the  nllnntuis 
ia  also  continuoas  wiLh  tlio  cavity  of  the  iuttis- 
tine. 

After  the  amniotic  folds  have  approached  and 
touched  each  other,  as  above  described,  over  the 
back  of  the  embiyo,  the  a<ljacent  surfuces,  thus 
brought   in   contact,  fuse   together,  so   that  the 
cavities  of  the  two  folds,  coming  resfvectivciy  from 
front  and   i'e:ir,  arc  separated    only  by  a  single 
mcuibranou.s  partition  (Fig.  257v<")  ninuiiig  from 
the  inner  to  the  outer   lamina  of  the  amniotic 
folds.      This    partition    is    soon    afterwanl   atro- 
phieel  and  disnpjK-nrs ;  and  the  inner  anil  outer  laminne  become  conse- 
quent ly   scparatetl   from  each   other.     The  inner  lamina  (Fig.  267,  o) 
which  remniiii<i  continuous  with  the  integument  of  the  foetus,  inclosing 
the  bo<ly  of  the  embryo  In  a  distinet  cavity,  is 
called  the  amiiion  (Fig.  258,  6),  and  its  cavity  is  Fip-  257. 

known  as  the  amniotic  cavity.  The  outer  lamina 
of  the  amniotic  fold,  on  the  other  hand  (Fig. 
257,^  &),  recedes  fartlier  and  farther  otitwanl, 
nnlil  it  comes  in  contact  with  the  oiiglnal  vitel- 
line membrane,  still  covering  the  exterior  of  the 
egg.  It  at  last  fuses  with  the  vitelline  membrnne 
and  unites  with  its  substance,  so  that  the  two 
form  but  one.  This  membrane,  resulting  from 
the  union  and  consolitlalion  of  two  others,  con- 
stitutes then  the  external  investing  membrane  of 
the  egg. 

The  allantois,  in  the  mean  time,  increases  in 
size  and  vascularity.  Following  the  course  of 
the  amniotic  folds  as  before,  it  insinuatCH  itself 
Wtween  them,  and  thus  comes  in  contact  with 
the  external  membrane  above  describecl.  It  then 
I>egin8  to  expand  laterally,  enveloping  more  and 

more  the  body  of  the  embryo,  and  bringing  its  vessels  into  contact  with 
the  external  investing  membrane  of  the  egg. 

By  a  continuation  of  this  process,  the  allantoii^  at  last  envelops  com- 
pletely the  bmly  of  the  embryo,  together  with  tlie  amnion;  its  two 
extremities  coming  iu  contact  with  each  other,  and  fusing  together  over 
the  back  of  the  embryo,  in  the  same  manner  as  the  amniotic  folds  had 
pri'viously  done.  (Fig.  S.'iS.)  It  lines,  therefore,  the  whole  internal 
surface  of  the  investing  membrane  with   a  dattened,  vascular  sac,  the 
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vesseU  of  whith  come  from  the  interior  of  the  body  of  the  embryo,  txA 
•wliich  still  cMHiimiiDiciitt'S  willi  the  cvwit}-  of  tlic  iulestinal  canal. 

It  is  evident,  accordingly,  tUat  there  is  a  close  couueclion  \irt«cxn 
the  formation  of  the  amnion  and  that  of  tine 
allantoia.  For  it  is  onl3-  l»y  this  meanti  tlul 
the  allautois,  wUi<'h  is  an  extension  of  the  io- 
ternal  Wn.Htodermic  layer,  can  come  to  \m 
situated  outside  the  emhryo  and  the  amaion, 
and  tlins  luojiiiht  into  relation  with  butroniMl- 
iiitr  media.  The  two  lamina?  of  the  amniotic 
fohls,  by  separating  from  each  other  a*  alK»v« 
deseribed,  ofM-n  a  passage  for  tho  allantoic,  and 
allow  it  to  cuiiie  in  contact  ■with  the  external 
meinbrauoiis  investment  of  tlie  egg. 

physiological  Action  of  the  AHauloin, — Tlie 
l)hyMiob>gieal  action  of  the  allnntoi»,  in  ito 
simplest  form,  may  be  studied  with  a/lvantase 
in  the  fowl's  egg,  wliere  it  fnnns  an  extensive  and  highly  vasetiUr 
organ,  but  does  not  present  any  important  mollifications  of  Its  oriijinsi 
structure. 

The  egg  of  the  fowl  contains,  when  first  laid,  an  abundant  dc[»oi«it  of 
Bemi-Holiil  allnimiiions  matter  in  wliieli  the  3'olk  is  etivclo|K*d-  Tha 
affords,  in  eouiiLTLiuii  witli  tho  yolk,  a  siiflleient  quantity  of  moistuir 
and  organic  niitrinieiit  for  the  growth  of  the  embryo.  The  necesstry 
warmth  is  su|>plied  by  the  bo<ly  of  the  fowl  in  incnbation;  and  the 
almoHplicrie  gast-s  can  pass  ami  repass  ■without  difficulty  through  ibe 
]>orotis  shell  and  its  lining  membranes.  On  the  eomnieuc«.>tnont  of  iDCO- 
bation,  a  tiqnefaction  takes  ]>lace  in  the  albnmcn  immoiUately  aboTottol 
part  of  the  yolk  which  is  oeenpied  by  the  blastoderm  ;  so  that  the  viu*. 
livs  rises  toward  the  surface,  by  virtue  of  its  specific  gravity,  and  tJw 
blastodertn  cfuiies  to  be  placed  aliuost  immediately  tiiiclomeath  tiw 
lining  membrane  of  tlie  egg-shell.  The  body  of  the  embryo  is  ibo* 
placed  in  the  most  favorable  jiosition  for  the  reception  of  'wnrnith  *nd 
other  neccBsary  external  infliienfMs.  The  liquefied  albnraen  is  nl>*orM 
by  the  vilelHiie  memlirjuie,  and  tlie  yolk  thus  lieeomes  larger.  snft»-r.ftiiii 
more  diffluent  than  before  the  commeiieement  of  incnlmtion. 

As  soon  as  the  circulatory  niiparattis  of  the  embryo  has  been  inirn 
formed,  two  minute  arteries  are  seen  to  rnn  out  from  its  lateral  edgw 
and  spread  into  the  neighboring  parts  of  the  lilastoderm,  breaking  tip 
into  inosculating  lirancbes,  nnd  covering  the  adjacent  portions  of  lb* 
yolk  with  a  jjlexua  of  capillary  bloodvessels.  The  space  occupied  in 
the  blastoderm  by  these  vessels  is  called  the  area  vaeculosa.  The  blooH 
is  returned  from  it  to  the  body  of  the  embryo  by  two  veins  which  pene- 
trate beneath  its  edgee^  one  near  the  head  and  one  near  the  tail. 

The  area  vasctdoso  increases  in  extent  as  the  development  of 
embryo  ])roceeds,  anil  its  circulation  becomes  more  active.      It 
the  upper  half  or  hemisphere  of  the  yolk;  and  then,  passing  this  poiot, 
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it  embraces  more  and  more  of  tlie  infL-rior  hemisphere,  its  vessels  oon- 
ver«;iiig  towaitl  the  opposite  pole  of  the  yolk. 

The  ruiictiuii  of  tiie  area  vasctilosa  is  to  alisorb  nourishnient  from  the 
cavity  of  the  vitelline  sue.  As  the  ultjumfii  liqiu-fit'S  tliirviig  tl»e  pr<x-»'99 
of  iiicubatirjii,  it  pasees  b}' end  osmosis  into  tiie  vitelline  cavity;  the 
whoie  yolk  growing  couslanti}'  larger  and  more  fluid  in  consistency. 
The  blootl  of  the  embryo,  eireulaling  in  the  vt-ssels  of  the  area  vaBCulnsa, 
jib»orby  the  oleaginojiUniminous  niattfrs  oJ  the  vitelliis,  and,  carrying 
them  bfick  to  the  i>nil>ryo  by  llie  rt-tiirning  veins,  supplies  the  tissues 
and  organs  with  a|<pro|Miate  nfitirislniu-nt. 

Dui'ing  this  period  the  auniion  and  the  altantois  have  been  also  in 
processor  fomiation.  At  first  the  liody  of  the  embryo  lies  upon  its 
abdoHU'n,  as  hereloforc  descrilietl;  but,  as  it  increases  in  size,  it  alters 
its  position  so  as  to  lie  npoii  its  left  side.  The  ntlnntois,  eraergiitg  from 
the  posterior  jmrtion  of  the  altdominn)  cavity,  turns  upward  over  the 
bo<ly  of  the  embryo,  and  comes  in  contact  with  the  shell  membrane.  It 
then  spreads  out  rapitlly,i'xtt'tidiiig  toward  thv  twot>xtn.'niities  and  down 
tlie  sides  of  the  egg,  envr]r>(iing  the  embryo  and  the  vitelline  sac,  and 
taking  the  plare  of  the  albimien  which  has  been  liqiiefit-d  auiI  absorljcd. 

The  umbilical  vesicle  is  nt  the  same  time  forine<l  by  the  separation  of 
part  of  the  yolk  frtmi  the  al»d«inn'n  of  the  chirk  ;  atvd  the  vessels  of  the 
original  area  vasciilosa,  wliit-h  were  at  first  distriltuli'd  ovur  the  yolk, 
now  ramily  u|H>n  the  surface  of  the  untbilicul  vesicle. 

At  last  the  allantois,  by  its  continutnl  growth,  envelops  nearl}"  the 
whole  of  the  remaining  contents  of  the  vgg;  so  that  toward  the  later 
periods  f»f  iticubation,  at  whalevar  point  wc  ojien  tl»e  egg,  the  interuiil 
surface  of  the  shell  membrane  is  found  to  lie  lined  with  a  vascular  cx- 
pausiori.  This  expansion  is  the  allantois,  supplied  by  arteries  emerging 
from  the  body  of  the  embryo. 

The  allantois  is  nccordinf-ly  adapted,  by  its  structure  and  position,  to 
perform  the  olTlce  of  a  resiiiratory  organ.  The  air  [jcnetrntes  from  the 
exterior  through  tlic  porous  shell  and  its  lining  membranes,  and  acta 
upon  the  bloo<l  in  the  vessels  of  the  allantois  mucii  in  the  same  manner 
that  the  air  in  the  lungs  of  the  adult  animal  acts  u]K>n  the  blood  in  the 
pulmonary  capillaries.  Kxamination  of  the  egg,  at  various  perio<ls  of 
incubation,  shows  that  changes  take  place  in  it  which-are  entirely  anal- 
ogous to  those  of  respiration. 

The  egg,  in  the  first  place,  during  the  development  of  the  embryo, 
loses  water  by  exhalation.  This  exhalation  is  not  a  simple  effect  of 
evaporation,  but  is  the  result  of  the  nutritive  changes  going  on  in  the 
interior  of  the  egg  j  since  it  does  not  take  place,  excejit  in  a  compara<- 
tively  glight  degree,  in  unimpregnted  eggs,  or  in  those  which  are  not 
incubated,  though  freely  exposed  to  the  air.  Tltc  exhalation  of  flui«l  is 
also  essential  to  the  processes  of  development ;  since  it  has  been  found, 
in  hatching  eggs  by  artificial  warmth,  that  if  the  air  of  the  hatching 
chandler  l)ccome  unduly  charge*!  with  moisture,  so  as  to  retard  or  pre- 
vent further  exhalation,  the  devclopnont  of  the  embryo  is  arrestdl.  TUe 
loss  of  weight  durintr  natural  incubation,  tnaSwXx  Awe  \,o  \W  fe-5>M>5k»5C\s3pvv 
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of  water,  has  been  found  by  Daiuli-imont  and  St.  Ange'  to  Ite  orer  l( 
j)er  cent,  of  the  entire  weight  of  the  egg. 

Secondlj,  the  egg  absorbs  oxvgeii  and  esbales  carbonic  acid.  The 
two  observers  above  meutionetl,  aseertnine<l  ibat  during  eighteen  dap' 
incubation,  the  egg  absorbs  nearly  2  i>er  cent,  of  its  weight  of  oxygen, 
while  the  quantity  of  carbonic  acid  exhaled  from  the  sixteenth  to  tbe 
nineteenth  day  amounts  to  nearly  ]  of  a  gramme  in  twenty -four  houn, 
It  is  also  observed  that  in  the  egg  during  incubation,  as  wcli  os  hi  the 
adult  animal,  more  oxygen  is  absorbed  than  is  returned  by  exhalation 
under  the  form  of  carbonic  acid. 

The  allantois,  however,  is  not  simply  an  oi^an  of  respiration;  il 
takes  part  alno  in  the  absorj^tii^n  of  nutritions  matter.  As  the  pri>ces« 
of  development  advances,  the  skeleton  of  the  young  clnck,  at  first  carti- 
laginous,  begins  to  ossify.  The  calcareous  matter,  necessary  foroMift- 
cation,  is  in  great  part  derived  from  the  shell.  The  hliell  is  fiercepiibly 
lighter  and  more  fragile  toward  tlic  end  of  incubation  limn  at  iirst;  juhI, 
at  the  same  time,  the  calcareous  ingredients  of  the  botiea  increase  in 
quantity.  The  liine-salis,  reciuisite  for  ossifiealion,  arc  apparently  »!>• 
Borbed  from  the  shell  by  the  vessels  of  the  utlantois,  and  thus  transferred 
to  the  skeleton  of  the  growing  ehick;  so  that,  in  the  same  proportion 
that  the  former  becomes  weaker,  the  latter  grows  stronger.  The  dimi- 
nution in  (leusity  of  the  shell  is  connected  not  only  with  the  develop' 
ment  of  the  skeleton,  but  also  with  the  final  escape  of  the  chick  frum 
the  egg.  Tliia  deliverauce  is  accomplished  mainly  by  the  movements 
oT  the  chick  itself,  wliich  became,  at  a  certain  ])erio(l,  suflicieutly  vigor- 
ous to  break  out  an  oiienirig  in  the  attenuated  shell.  The  first  fracture 
is  generally  accomplished  by  a  stroke  from  the  end  of  the  bill ;  and  it 
is  precisely  at  thi**  point  that  the  solidification  of  the  skeleton  is  mo*l 
advanced.  The  egg-shell,  therefore,  which  at  first  serves  for  the  nrw- 
tection  of  the  embr^'o,  afterward  furnishes  the  materials  which  ai«  OMd 
to  accomplish  its  own  demolition,  and  at  the  same  time  to  cflbct  tkl 
esca|je  of  the  fully  develuped  chi<:k. 

Toward  the  latter  ])eriods  of  incnliation^  the  allantois  becomes  inorj 
adherent  to  the  internal  surface  of  the  shell-membrane.  At  last,  when 
the  chick,  ari-i\'ed  at  the  full  period  of  development,  escnpes  from  its 
confinement,  the  allantoic  vessels  are  torn  off  at  the  umbilicus  •  and  the 
allantois  itself,  cast  off  as  an  etfete  organ,  is  left  behind  in  ll)»^  r-ivitv 
of  the  abandoucd  shell. 

Both  the  amnion  and  the  allantois  arp,  therefore,  fijrrnntions  beloo'- 
ing  to  the  embryo,  and  cojistiuiting,  for  a  time,  accessory  but  esaenliiJ 
parts  of  its  organization.  Developed  from  the  peripheral  portions  of 
the  outer  and  inner  blastodermic  layers,  they  are  importatjt  orgiins 
during  the  mi<ldte  and  latter  periods  of  incubation  ;  but  when  the  chick 
lias  become  fully  developed,  and  is  ready  to  carry  on  an  independent 
existence,  they  are  llirown  off  as  obsolete  structures,  their  place  ltetn<; 
afterward  supplied  by  organs  lielonging  to  the  adult  condition, 

'  D^veloppenient  dn  Feet  us.     PariB,  1850.  p.  143. 


I.N  tlt<?  liiimnn  spc-ics,  ns  well  na  in  tlie  lower  Atiiiaals,  the  focinn  is 
'envolo|X'd  in  two  infuibraiics,  an  inner  and  nil  outt-r,  derived  rcsiHjc- 
tively  from  extensions  of  tlie  external  and  intemul  blastodermic  layerw, 
and  tonsequcnlly  ijart-s  of  the  emhrj-onic  organism.  While  the  inner 
of  thfsii  envi'lo|x>s  has  the  same  cJiaracters  as  elsewhere,  the  outer  one 
presents  sneli  moiHtications  of  structure  as  to  have  received  a  di-stinet 
name.  In  the  lower  animals,  therefore,  the  fri'tal  membranes  are  ciilliii 
the  amniun  and  the  altantois;  in  man,  they  are  knuwu  aa  the  amuiuu 
and  tlic  chorion. 

AmnioD. 
The  formation  of  the  amnion  in  the  human  speuies  takes  plaee  in  the 
Bame  manner  as  that  alrea<ly  describetl  {p.  740),  namely,  by  the  growtli 
of  a  cirfiimvallation  or  fold  of  the  external  blastodermic  layer,  which 
extends  itself  in  sueh  a  way  that  ilH  edges  meet  and  coalesce  over  the 
T>Rck  of  the  embryo,  thus  inclosing  it  in  a  distinct  cavity. 


Fig.  2.^9. 


FIl-  2t'.n. 
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Chorion. 
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or  Kb,  at   the  rnd  nf  third   mouth;  siiouiug 
the  ciilnrxement  ot  the  nniDloo. 


At  the  time  of  its  formation,  the  amnion  closely  embraces  the  body 

of  tiie  embryo,  so  that  tliere  is  h.inlly  any  space  In-twecn  the  two;  ibe 

op|K>Hite  Burfttcea  lying  in  contact  with  each  other,  like  those  of  tJiv 
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peritoneum  in  the  adult.  This  space  aflerward  enlarges  somewhal  ud 
becomes  the  amniotic  cavity,  containing  a  little  colorless,  traospanriit, 
serouij  fluid,  the  aioitiotic  fiuid.  liut  throughout  the  earlier  peiiods  of 
development  the  cavity  of  the  amnion  is  ^mall,  as  conaiMtred  with  tliat 
of  the  entire  egg;  and  the  space  between  the  amnion  aud  the  exlernal 
uiembraiic,  or  chorion  (Fig.  259  ,  is  occupied  by  an  amorphous  gelati- 
nous material,  in  which  the  umbilical  vesicle  and  its  stem  lie  imbeiMoL 
Subsetiucntl^-  the  amnion  enlarges  more  rapidly,  in  oou]{»ri&on  wilL 
ihe  remaining  parts  of  the  egg,  aud  thus  encrouchea  upon  the  layer  of 
gelatinous  material  by  which  it  is  surrounded.  At  tlie  same  tiuif  tht 
amniotic  fluid  increases  in  quantity  (Fig.  2G0)  ;  so  that  a  couftideralile 
space  is  left  around  the  embryo,  which  is  supported  by  tbe  uniforn 
pressure  of  the  surrounding  fluid.  The  amnion  continues  to  euLufe  at 
this  increased  rate  of  growth  until  about  the  lieginuing  of  the  fifth 
uiontli,  when  it  comes  in  eoutact  with  the  inner  surface  of  the  chorion; 
the  gehitinous  material  previously  intervening  l>etween  theui  having 
disap])eared,  or  being  reduced  to  a  nearly  imjjerceptibie  layer. 

Chorion. 

The  chorion,  in  the  human  species,  is  the  external  enveloping  rorm- 
brnne  of  tlie  embryo.  It  originates,  like  the  corresisonding^  envelo|)e  in 
the  lower  animals,  by  a  protrusion  or  outgrowth  from  the  posterior  po^ 
tion  of  the  primitive  alimentary  canal,  which,  insinuating:  itself  l>etw«o 
the  two  Inminje  of  the  amniotic  fold,  spreads  gradually  over  aud  aroiiDd 
tbe  inner  lamina  or  amnion  proper,  so  as  to  occupy  finally^  a  position  out- 
side of  it.  It  there  nieetM  with  the  two  thin  layers  which  have  pretx-dtd 
it  in  this  situation,  namely  the  outer  lamina  of  the  atuniotic  fold,  and 
the  original  vitelline  membrane  of  the  egg.  But  these  two  layers,  oe«*- 
ing  to  grow,  while  the  new  structures  and  the  whole  egg  are  rapidlv 
enlarging,  disapitear  as  distinct  membranes,  and  their  place  la  taken  tnr 
the  chorion,  which  thus  becomes,  alone,  the  external  ia vestment  of  the 
egg- 
So  far,  the  history  of  development  of  tbe  chorion  is  the  same  with 
that  of  the  ollantois.  But  the  tjcculiarity  which  distinguishes  it  is,  that, 
in  ex[mnding  over  and  around  the  other  parts,  it  does  not  pres<>nt  Xhe 
fonn  of  a  double  sue  containing  fluid,  but  of  a  single  vascular  sheet  or 
membrane,  like  that  of  the  skin,  it  is  on  this  account  that  in  tbe 
human  species  it  is  called  the  chorion,  while  in  the  lower  animals  it 
retains  the  name  of  allantoia. 

Nevertheless,  the  clkorion,  like  the  fdlantois,  is  at  its  commencemeDt 
a  hollow  sac  or  canal  with  a  blind  extremity,  the  cavity  of  which  i»» 
continuation  of  that  of  the  intestine.  But  this  cavity  does  not  extcod 
at  any  time  for  more  than  a  short  distance  outside  the  1km] >-  of  tJie 
embryo.  Beyond  this  point  it  becomes  oblit-erated,  its  meinbrano(i« 
walls  remaining  in  contact  with  and  adherent  to  each  other,  forming  a 
solid  membrane,  as  above  described.  Inside  the  body  of  the  emhrvo, 
on  the  other  band,  it  retains  the  form  of  a  membranous  sac '  and  this 
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Fig.  261. 


portioQ  afl^rwnrd  becomes,  in  the  process  of  further  development,  the 
urinary  blarltler.  Tbe  rounded  coni  or  "umuhuR,'*  Mliirh,  in  the  adult, 
rutia  from  the  sufwrior  fundus  of  the  bhulcjer  to  the  Hituatiou  of  the 
umLiliiMt8  in  the  abdomen,  iii  the  vestige  of  the  oLliteraUHl  canal  of  the 
j)riraiti\'c  chorion. 

The  next  peculiarity  of  the  chorion  is,  timt  it  becomes  mhaggy.  Even 
while  the  egg  ia  still  very  email,  and  hua  but  recently  found  ttm  way  into 
the  uterine  cavity,  its  exterior  is  alreatly  coveretl  with  tranapanut  villi 
(Fig.  2ri9),  which  increase  tfie  extent  of  its  surface,  and  assist  in  the 
absorption  of  fluids  from  without.  The  villi  are  at  this  time  quite  sim- 
ple in  form,  and  houiogeneuiis  in  structure. 

As  the  egg  jucrcasfs  in  size,  the  villi  elongate,  nnd  become  ramified 
by  the  repeated  Inuldiiig  of  hiternl  otVshoots,  j\ftor  this  process  has 
continued  for  eomc  time,  the  outer 
surface  of  the  chorion  presents  a  uni- 
formly aJiaffgy  appearancL-,  owing  to  its 
beini^  covered  everywhere  with  com- 
pound villosities. 

The  villosities,  when  examined  by 
the  microseojMJ,  have  an  exceedingly 
characteristic  apjK'aniiice.  They  origi- 
nate from  the  surlace  of  the  chorion  by 
a  Boraewhat  narrow  stem,  and  divide 
into  Bccomlary  and  tertiary  branches 
of  varying  size  and  figure;  some  of 
them  fihiincntous,  others  club-shaped, 
many  of  them  irregularly  swollen  at 
Tarioufl  pointa.  All  terminate  by 
r^>un«led  extremities,  giving  to  the 
whole  tnfb  a  certain  resemblance  to 
some  varieties  of  8ea-wee<l.  The  larger 
trunks  and  branches  of  the  villosily 
are  soon  to  contain  minute  nuclei,  im- 
lK?dded  in  a  nearly  homogeneous,  or 
finely     granular     substratum.       The 

smaller  ones  oi)pear,  under  a  low  magnifying  power,  simply  granular  In 
texture. 

The  villi  of  the  chorion  are  qnite  tinlike  any  other  strnctnre  to  be 
met  with  in  the  body.  Whenever  we  find,  in  the  uterus,  any  portion  of 
a  niembr.Hne  having  villosities  of  this  character,  it  is  certain  that  preg- 
nancy has  existed ;  for  such  villosities  can  only  belong  to  the  chorion, 
and  the  chorion  itself  is  a  part  of  the  fa>tu8.  The  presence  of  portions 
of  a  shaggy  chorion  is  therefore  as  satisfactory  proof  of  the  existence 
of  pregnancy,  as  if  the  lK>dy  of  the  foetus  itself  had  been  found. 

While  the  villosities  just  descril>ed  are  in  process  of  formation,  the 
chorion  receives  a  supply  of  bloodvessiOs  from  the  interior  of  the  body 
of  the  embryo.     The  arteries,  which  are  a  continuation  of  tU<»&  dvb- 


Ooapound  TllltMltjr  of  The  HniiA* 
Chokius,  mmlltt^l  rxtrrmlty.  Froa 
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Fig.  262 


ExtriMiiity  of  a  vii.  LnniTr 
or  TiiK  Chorion,  nuti^ninpd 
180  dinroetera;  tliowlciK  Uic  nr- 
riDtpmeut  of  blocxlveatelA  in  lU 
iutcrior. 


tribuU'd  to  the  alimentnrv  canal,  pass  ont  along  the  cnnni  of  coratniu. 
cation  to  the  c'huriun  and  niitiily  over  its  suiTuce.     The  eiubr> o  ul  lli  ■ 
time  hax  reueheil  such  .-in  activity  of  girnvtU  that  it  requires  to  l*  sui 
jtlied  with  nourishment  iiy  means  of  V:iKeul;ir  al>s«)i'ption,  insteail  uf  tl 
»Iow  process  of  imViiliilion   hitherto  taking  |ilaee  through  the  com|nr: 
tively  structureless  villi  of  th«r  ••hi>ri()U.    The  capillary  bluiMlvoHoels,  wii', 

whieh  the  chorion  is  snp(tlie<1,  begin  tu  ^hU' 
trate  the  suhstanee  «»f  Ha  villosilies.     Tbi 
enter  the  base  or  stem  «jf  iiioli  villus,  nn 
following  the  divisi'M)  of  its  comptmnrl  nun 
fieatiuns,  reach  the  ronndeil  extreniitiefi  i : 
its  terminal  ofTshoots.     Ht-re  thoy  turn  npmi 
themselves  in  loops  (  Fig    2G2),  aiic)  relrait 
heir  course,  to  unite  finally  with  the  ^nciKHii 
niiiks  of  the  chorion. 

The  villi  of  the  chorion  are,  nccortlinglj,»n- 
;)l<i^onH  in  structure  and  function  to  those  of 
the  intestine;  their  jwwer  of  absorption  cor- 
n'sponduig  with  the  abundance  of  their  rami- 
flcations,  and  the  extent  of  their  V  -. 

The  bloodvessels  of  the  chori'n,  •  '• 

more,  arc  all  derived  from  the  abdomen  i>\ 
the  fa?tus ;  and  nil  substances  abborUnI  bv 
tliem  ore  tr:ins])orted  to  the  interior  of  iIk' 
liody,  and  used  for  the  nouiislmient  of  its  tissues.  The  choriun,  Xhert- 
fore,  as  soon  us  its  villi  and  bloodvessels  are  completely  develoi»cd,  bp- 
comes  an  active  organ  in  the  nutrition  of  the  fwtns ;  nnd  constittitts 
the  «.»nly  tueans  V»y  wliirh  new  niateri:d  is  inlrnduee<l  from  without. 

The  third  event  of  im|]ortanee  in  the  history  of  the  chorion  is  that 
after  Iwing  at  first  unifurndy  shagg}'  throughout,  it  aftcrwnnl  bttcom** 
parfialhj  bald.  (FJg.  2iHi.)  This  ch.nnge  begins  about  tlu«  eu<l  of  Ihr 
second  month,  commencing  at  a  point  opposite  tho  insertion  of  tk- 
fri'tnl  bloodvessels.  The  vijjosities  of  this  region  cease  growing;  W)*l 
while  tlie  entire  egg  continues  to  enlarge,  they  fail  to  kt*cp  pace  with 
the  progressive  expiinsion  of  the  chorion.  Tiiej' accordingly  become  al 
this  part  thtunev  and  more  scattered,  leaviivg  the  surface  of  tlie  chorioa 
com]iarativeiy  bald.  Tliis  biditaess  iiierenses  in  extent,  spreading  orrr 
the  adjaeent  portions  of  the  chorion,  until  at  least  two-thinle"  of  it4  8or> 
face  hiive  Iweome  nearly  or  quite  <lestitnte  of  viilosities. 

At  the  opposite  pole  of  the  egg,  namely,  that  which  corresponds  with 
the  iu.sertiun  of  tlie  la-tal  bloodvessels,  the  villosities  of  the  chorion, 
instead  of  becoming  titrophie  I,  continue  to  grow;  and  this  portion  t«^ 
comes  even  more  shaggy  and  tfiickly  set  than  before.  The  copsiNpicntv 
is  that  the  chorion  afterward  presents  a  ditferont  appearance  «t  iiitferviil 
parts  of  its  surface-  The  greater  part  is  smooth;  V»ut  a  certain  |iorticni, 
constituting  about  one-third  of  the  whole,  is  coverwl  %viih  a  3»)ft,  s|x>ng3' 
mass  of  long,  thickly-set,  comi»ound   villosities.     It  is  this  thickene<t 
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portion  whicli  is  aftcrwaixl  concerned  in  the  formation  of  tlie  placenta ; 
while  the  remaining  smooth  portion  continues  to  be  known  under  the 
iiame  of  the  chorion.  The  placental  portion  of  the  chorion  becomes  dis- 
tinctly limited  in  outline  by  al)OUt  the  end  of  the  third  month. 

Tlie  vascularity  of  tlic  chorion  keeps  pace,  in 'its  difToreut  parts,  witli 
the  atro|ihy  and  development  of  its  villositiuM.  As  the  villosities  shrivel 
and  di8api>ear  over  a  part  of  its  extent,  the  bloodvessels  with  which  thej' 
were  suiiplied  diminish  in  abundanoe ;  and  the  smooth  portion  of  the 
chorion  finally  shows  only  a  few  slragglini;  vessels  running  over  its  sur- 
face, but  nut  connected  with  any  abundant  capillar}'  plexus.  In  the 
thickeneil  portion,  on  the  other  han<l,  the  bloodvessels  lengthen  and 
rarairy  to  an  extent  corresponding  with  that  (»f  the  villosities  in  whicli 
they  are  situated.  The  arteries,  coming  from  the  abdomen  of  the  foetus, 
divi<le  into  branches  which  enter  the  villi,  au«l  penetrate  through  their 
whole  extent ;  forming,  at  the  plflC«ntMl  portion  of  the  chorion,  a  mass 
of  tufted  and  ramified  vascular  loops,  while  the  rest  of  the  membrane 
has  a  comparatively  scanty  vascular  supply. 

.  The  chorion,  accortlingly,  is  the  external  investing  membrane  of  the 
egg,  produced  by  an  outgrowth  from  the  boi'.y  of  the  embryo;  and  the 
placenta,  so  far  as  it  consists  of  the  fiettil  membranes,  is  a  part  of  the 
chorion,  distinguished  from  the  rest  by  tlic  loenl  development  of  its  villi 
and  bloodvessels. 


CHAPTER  XI. 

DEVELOPMENT  OF  TUE   DECIDUAL   MEMBRANE, 
AND  ATTACHMENT  OF  THE  EOO  TO  THE  UTKBD^. 


In  the  hiimnn  species,  where  the  development  of  the  embryo  is  coiiir 
pletcil  witliiti  the  cavity  of  the  uterus,  the  egg  Uepetuls  for  its  natrilioa 
nml  growth  upon  niateriab  dcrivetl  from  the  organ  ism  of  the  feaak 
parent.  Tlie  immediate  source  of  supply  for  this  purpose  is  the  maooua 
inembratie  of  tlie  uterus,  which  becomes  unusiuilly  tlevelope<i  aod  iii« 
crenscii  in  fimetional  activity  during  the  perio<i  of  g-estation.  The 
uterine  miicoun  inenibrane,  when  thus  modilifd  in  structure,  is  knovn 
as  the  decidual  inemhrane,  or  the  decidua.  It  has  receive<l  this  nxmt 
because  it  is  exfoliated  and  diachnrgcd  at  the  same  time  that  the  egg 
itself  is  expelle<l  from  the  uterus. 

The  mucous  membrane  of  the  body  of  the  uterus,  in  the  anfmprpj- 
Qated  condition,  is  thin  and  delicate,  and  presents  a  smooth  inlermi 
surface.  There  is  no  distinct  layer  of  connective  tissue  between  it  and 
the  tnuscidiir  iiubi^tauce  of  the  uterus  j  so  that  the  mucous  memltnix 
cannot  here,  as  in  most  other 

organs,  be  readily   separated  Fig-  264. 

by  di8.sectton  from  the  subja- 
cent parts.  The  structure  of 
the  mucous  membrane,  how- 
ever,  is  sufficiently  well 
marked.    It  consists,  through- 

Fiff.  2ti3. 
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I'tKUlNH  AlLU:OU8  MKM- 

BHAMK,  from  tb«  unlmpregnnlpd 
iifrrui,  Id  Tcrtlenl  ipctloti.  a.  Free 
■urfitei!.  d.  AKuphetl  tuTfsce.  Miig- 
nifled  about  10  dlnuetert. 


tTTXKiiTS  TtTBrLss,  from  the   nueou* 
bmneof  an  iintnipregoalpd  humaa  uterua^    Mh* 
nlfled  lit  dUm?lers. 


ont,  of  tubular  follicles,  ranged  side  by  side,  and  running  per|)endicQ- 
larly  to  its  free  surface.  Near  this  snrfaco,  they  are  nearly  straight ;  but 
toward  the  deeper  part  of  the  mucous  membrane,  where  tbey  terminate 
in  blind  extreniitiea,  they  become  more  or  less  wavy  or  spiral  in  their 
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course.  The  tubules  are  aljout  0.05  millimetre  in  diamotor,  and  are 
lined  willi  columnar  epithelium.  They  occupy  the  entire  thickness  of 
the  uterine  mucous  membrane,  llieir  tlosed  extremities  resting  upon 
the  sulijat-eut  musculur  tissue,  while  their  mouths  open  into  the  cavity 
of  the  uterus.  A  few  Hue  bluo<lvessi-ls  jicUfti-wte  the  mucous  membrane 
from  below,  and,  running  upward  between  the  tubules,  encircle  theit 
8U[H'rfieiul  extremities  with  :i  capillary  network.  There  is  no  connective 
tissue  in  the  uterine  nrueous  membrane,  but  only  a  few  i»tolated  nuclei 
and  siiiiidU'-fihaiJed  fibr*.>eel|8,  scatUMed  between  the  tubules. 

Devidua  Vera,  —  As  the  fecundated  epg  descends  Uirougli  the  Fnl. 
lopian  tul:)e,  the  uterine  mucous  raemluane  takes  on  an  increased 
activity  of  growth.  It  becomes  tumefiud  and  vascular;  and,  as  it  in- 
creases in  thickness,  it  projects,  in  ruuruled  eminences  or  folds,  into 
the  uterine  cavity.  (Hg.  265.)  In  this  process  the  uterine  tubules  in- 
crease in  length,  and  also  become  wider;  ao  that  their  open  mouths  may 
be  readily  seen  by  the  naked  eye  upon  the  uterine  surface,  as  numerous 
minute  jK-rforations.  Acconling  to  the  observations  of  Kolliker,  so 
early  as  the  end  of  the  (irst  week  tliey  have  increased  to  three  or  four 
times  their  originnt  letaglh  and  widtli,  so  that  they  measure  at  this  time 
on  the  average  nearly  0.20  millimetre  in  diameter.  The  blooilvessels  of 
the  mucous  membrane  also  enlarge  and  communicate  freely  with  each 
other;  the  vascular  netw<H-k  between  and  arouml  the  tubules  becoming 
more  extensive  and  abundant.  The  internal  surface  of  the  uterus,  after 
this  process  has  been  for  some  time  going  on,  presents  a  thick,  rich,  soft, 
velvety,  and  vascular  lining,  ipiite  different  in  appearance  from  that 
which  is  to  he  found  iu  the  unimpregnated  condition.  It  is  now  known 
as  the  decidua;  and  in  order  to  distinguish  it  from  a  similar  growth  of 
subsequent  formation,  it  has  received  the  special  name  of  the  decidua 
vera. 

The  production  of  the  decidua  is  confined  to  the  body  of  the  nterus, 
the  mucous  membrane  of  the  cervix  taking  no  part  in  the  process,  but 
retaining  its  original  Bp})earance.  The  decidual  membrane  commences 
above,  at  the  orifices  of  the  Fulh>[>ian  tidK's,  and  ceases  below,  at  the 
situatii.m  of  the  os  internum.  The  cavity  of  the  cervix,  meanwhile,  is 
filled  with  an  abundant  secretion  of  its  peculiarly  viscid  mucus,  which 
blocks  up  its  passage,  and  protects  the  internal  cavity.  If  the  uterus 
be  openetl,  therefore,  in  this  combtion,  its  internal  surface  will  be  seen 
lined  with  the  deci<lua  vera,  which  is  continuous,  at  the  os  internum, 
with  the  unaltered  raucous  membrane  of  the  cervix  uteri. 

Decidua  Rejiexa As  the  fecundate<l  egg  passes  the  lower  orifice  of 

the  Fallopian  tube,  it  insiauates  itself  Ix'tween  the  opposite  surfaces  of 
the  uterine  mucous  membrane,  and  becomes  hxiged  in  one  of  the  furrows 
or  depressions  lietween  the  folds  of  the  decidua.  (Fig.  26."^.)  At  this 
situation  an  adhesion  subsequently  takes  place  between  the  external 
membranes  of  the  egg  and  the  uterine  decidua.  At  the  point  where 
the  egg  thus  becomes  fixed,  a  still  more  rapid  development  takes  place 
fu  the  uterine  mucous  membrane.     Its  projecting  folds  grow  up  around 
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tJie  egg  in  eiieb  a  mnnner  ns  to  partially  inclose  it  In  a  kind  of  cineum- 
vallatiuQ,  aiul  to  shut  it  off,  more  or  less  completely,  from  lUe  gwiernJ 


Fip.  263. 


Fip.  266. 


Imprkonated  t'TKari;  ihoirln((ror- 
mittlon  of  ileclilun.  The  ilpciiluii  ii  rrpte- 
■«nt««]  In  Mnt'k  ;  nnil  the  prr  Ib  se«n,  Rt  the 
fundu*  of  the  utrru*,  rnpngpd  between  two 
(tl  irt  pr<Jectlng  folda. 


Imprxoxatkd  V  t  k  b  t' • ,  wIUi  prqlet^ 
inx  folds  of  ilrcidUM  growknc  ur  aroMBd  <U 
Iff.  The  nurruw  uprnlns.  whrr*  llivf^ftl 
of  the  foliU  nppronch  enclt  otbrri  >■  f^ 
over  Ihemuit  itromliaeat  portUia  olttefs 


Kk'.  2r.T. 


cnvitv  of  the  ntenis.  (F^g.  266.)  The  pgor  thus  comes  to  be  coni»inpii 
ill  a  sttecial  cavity  of  its  own,  whicli  still  coiimumicatea  for  a  lime  with 
the  general  cavity  of  the  uterus,  Ity  nri  (»|M.'niiig  Bituated  over  its  mon 

lironnnfiit  |Hirtioii.  A s  the  pfoccsiS  of  grcrlh 
goo8  on,  this  o]ifnin<^  liefonies  nnrrower,  whiW 
tfie  (lec'id<ial  lohls  sipproach  eneh  other  o^tt 
tlie  surtnce  of  the  egg.  At  Iai<it  ihe*?  folrb 
loiu'h  e:irh  otlwr  nnil  unite,  forming  akindoC 
fic:itiix  which  riniains  for  n  certain  time, (0 
iiinik  tilt'  rtinintion  of  the  origiiwil  oiK'niug. 

WlicM  thi-  <U-veIoiniient  of  the  ulenis  h» 
rf:K!hc(l  this  (Mjitit  (Fig.  207),  the  egg  is  com- 
plfti'ly  iiiclnsiM.1  in  a  cnvity  of  its  onri  ;  l^in^ 
everywhere  eovtred  with  a  decidual  Inyer  of 
new  formation,  which  has  gra<ltially  enveloped 
it,  nnd  Viy  which  it  is  concealed  from  ritm 
iMPHEGN  vifcu  iTBntBi  whot)  the  iiti'iine  cflvity  is  Inid  open.  Thw 
'Z::^X!::Z:^i::     ne.ly-lonncd  hiyer,  envdoi-ing  the  prcOectinj 

poriion  uf  the  egg,  is  called  the  JMcidus 
vflrxn:  been  use  it  is  reflei-ttd  over  the  egg  from  the  genoval  surface 
of  thi!  uterine  mueotis  m^-mbriiiie.  The  oiifieca  of  the  utcrint'  tuhnlc*, 
in  coiiseqvienre  of  the  mnnner  in  which  the  rlecitlna  reflexa  is  furmc<l, 
are  to  he  seen  ui»t  only  on  its  exinnal  anrface,  or  tlint  which  ItHtks 
towiird  the  cavity  of  the  uterus,  hit  uIno  on  its  internal  siirfacv.  or  tlwt 
wliicii  lufks  toward  the  egg. 

The  deeidun  vuni,  thert-foie,  is  the  oiiginnl  mucous  mfinbrnne  linioc 
the  aurface  of  the  uterus.  TIjo  derirlua  riOcxa  is  a  new  furmatioii. 
wlileii  grows  up  atoiuid  the  egg  and  incloses  it  in  a  distinct  cavity. 
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IV  aboi'tion  o(;ciir  at  tbis  time,  the  mucous  membrane  of  the  ulcruB, 
that  is,  the  difcidua  vera,  i»  thrown  off,  and  brings  with  it  the  egg  and 
lie  decidiia  n-flexn.  On  examining  the  maaa  so  discharged,  tht.*  egg 
'%iU  be  Ibund  iridH.Mldcd  in  the  .suhstnnce  of  the  decidiml  iiii-iubrane. 
ih«e  side  of  the  nieiidiraue,  wht-re  it  hits  bt*cn  turn  away  from  its  attach- 
ment to  the  uterus,  is  ragge<I  ;  the  olfier  side,  t-orrespoiidirig  to  the  eavit3' 
of  the  uterua,  is  smooth  or  genlly  convoluted,  and  exlubits  diBtiiictly 
the  orifu-e»  «if  tlie  ulfriiK'.  tidiuk-H ;  viitiK'  IhL-  egg  itself  can  only  be 
extracted  by  cutting  Ihioiigli  tlie  deeidunl  nieiiduane,  cither  from  ore 
Bi<le  or  the  other,  and  opening  in  tbis  way  the  HpeciaJ  eavity  in  which  it 
is  incio8e(L 

During  the  formation  of  the  decidua  reflexa,  the  entire  egg,  as  well 
MS  the  liody  of  Ihe  litems  wliich  contains  it,  has  considerably  enlarged. 
That  jiortion  of  tlie  uterine  mueons  membrane  situated  immediately 
tinrtenieuth  the  egg,  ami  to  which  it  first  t»ecame  attached,  has  also  con- 
tinued to  increase  in  thickness  :in<l  vascularity.  The  remainder  of  the 
dei-idun  vera,  however,  ceases  to  grow  rs  before,  and  no  longer  keeps 
pace  with  the  increasing  size  of  the  egg  and  of  the  uterus.  It  is  still 
tidck  nn<l  vascular  at  the  end  of  the  thirfl  month  ;  but  aHer  that  period 
it  Itecomes  eiim])jirativel3  ibhmer  and  less  glandular,  while  the  activity 
of  growth  is  concentrate*!  in  the  ogg,  and  in  that  portion  of  the  uterine 
mucous  membrane  with  which  it  is  in  immediate  contact. 

Attachment  of  the  Egg  to  (he  Uterun. — While  the  above  changes  are 
taking  place  in  the  lining  numltrane  of  thi?  uterus,  the  formation  of  the 
embryo,  and  tiie  development  of  the  amnion 
and  chorion   have  been  going  on  liimultane-  Fig.  268, 

ously;  and  Roon  after  the  entrance  of  the 
fgg  ii»to  the  uterine  cavity,  the  chorion  is 
ever^'where  covered  with  projecting  villosities. 
These  villosities  insinuate  themselves  into  the 
titcrine  tubules,  or  between  the  folds  of  the 
fltH-'idual  surface ;  penetrating  in  this  way  into 
little  cavHties  of  tlie  uterine  nmcous  mem- 
brane. Wlien  the  formation  of  the  dtwidua 
reflexa  is  corapletetl,  the  chorion  has  alrearly 
iH'come  uniformly'  shaggy;  nnd  its  villosities, 
Bpreading  in  all  direc^tions  from  its  external 
surface,  iienetrate  everywhere  both  into  the 
decidua  vera  beneath  it  and  into  the  aecidus  •hnwing  the  ronn^eitan  *•«'■ 
reflexa  witii  which  it  is  covere«l.  In- this  way  *""•''"  the  vnio»uiM  of  tiM 
,  ,  1    ,....-  1    *       chorion  •nd  the  de«ldu«l  iD«n> 

the  egg  Itecomes  entangleii  with  the  decidua,     bri»n«-i. 

and  cannot  be  n'adilj'  separjitefl  from  it  with- 
out ru|it'iring  some  of  the  tilaments  which  have  grown  from  its  surface, 
and  have  j>enet  rated  the  substance  of  the  decidua.     The  nutritious  fluids, 
exuded  from  the  glandular  textures  of  the  decidua,  are  now  imbilnHi  by 
Ih*'  villitHitiea  of  the  chi)rion  •,  and  a  more  rapid  supply  of  nonnsiiment 


Fig.  269. 
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is  tbUH  provided,  corro!>[>oiidLug  in  abuudaace  with  the  greater  size  of 
tlie  egg. 

Very  soon  the  activity  of  abRorption  is  still  further  increased.  Tbe 
chorion  becfomes  vascular,  by  the  forraatloa  of  bloodvessels  cmcrgiDg 
from  tilt'  body  of  the  eialjryo  aud  pmelrotiug  everywhere  into  tlie  villu- 
sitics  with  which  it  is  covered.  Each  villosity  then  contains  a  Tajcuhr 
loop,  imbedded  with  itsulf  in  the  substance  of  the  decidua,  an«l  serving 
to  alisorli  fi'oro  the  uterine  mucous  meuibranu  thu  materials  for  Ik 
growth  of  the  embryo. 

Subsequently,  the  vascular  tufts  of  the  chorion,  which  are  at  first  uni- 
formly difitrihuted  over  its  surface,  disappear  throughout  tbe  greater 

part  of  its  extent,  while  they  become  still 
further  developed  and  concentrated  at  a 
particular  point,  the  situation  of  tbe 
future  placenta.  This  is  the  spot  at 
wliich  tbe  egg  is  in  contact  with  the  tie* 
ciilua.  Here,  l>oth  tbe  decidual  nicmbraa« 
and  the  tut\s  of  the  chorion  continue  to 
increase  in  thickness  and  vaacularic;; 
while  elsewhere,  over  the  prominent  por- 
tion of  the  egg,  the  chorion  not  only  In- 
comes bare  of  villosities  and  oofnpani> 
tively  destitute  of  bloodvessela,  but  tlie 
decidua  reflexa,  which  is  in  contact  with 
it,  also  loses  its  activity  of  growth  and 
becomes  expanded  into  a  thin  layer,  witb> 
out  any  remaining  trace  or  glandular  fol- 
licles. 

The  uterine  mucous  membrane  ia  there^ 
fore  rleveloj>cd,  during  gestation,  in  such  a  way  as  to  provide  for  tbe 
nourishment  oPthe  embryo  in  the  different  stages  of  its  growth.  At  Brsl, 
the  whole  of  it  i<*  tiniforral y  increased  in  tliickness  (deciilua  vera).  Next, 
a  portion  of  it  grows  upward  around  thi'  egg,  and  covers  its  projecting 
surface  (decidua  reflexa),  Aflervvanl,  both  the  decidua  refiexa  and  th« 
greater  part  of  the  decidua  vera  diminish  in  the  activity  of  their  growth, 
and  lose  their  importance  as  a  means  of  nourishment  for  the  embrjo; 
while  timt  part  whiuJi  i;^  in  contact  with  the  vascular  ttifts  of  the  chorion 
continues  to  grow,  liecoming  excessively  developed,  and  taking  part  in 
tbe  formjition  of  the  placenta. 


PREOjiAirr  UTERcai  Khoiriiig 
the  rormnt'lan  oT  the  plnct^ntii  hy 
the  unlt(>d  ilevplopmmt  of  h  pflrtion 
of  the  dccldun  ftQ<]  tlie  vUlodtle*  of 
tlia  isborlon. 


In  atl  instances  in  which,  as  in  tnan  and  the  mammalians,  the  em- 
bryo is  (li?i)cii<leiit,  for  the  materials  of  its  growth,  upuii  iiutritiou»  flili«la 
siipplitxl  by  the  iitiTUs,  the  conimunication  betwi'cit  thvm  \»  c-stabliBhed 
by  m«ajiii  of  two  vascular  membranes.  One  of  these  membranes,  the 
chorion  or  the  jdlanioiK,  is  a  part  of  the  embryo;  the  other  is  the  mueoua 
memhraiie  of  the  uterus.,  liy  their  more  or  less  intimate  jiixta|>OHitton, 
the  fluiila  transu«k'tt  fium  the  I iloorl vessels  of  the  mother  are  absorbed 
by  Lliose  of  the  embryo,  ujkI  thus  a  transfer  of  nutriment  takes  place 
fi'om  the  maternal  to  the  ftctal  organism. 

In  some  species  of  animiUs,  the  connection  between  the  maternal  and 
fa'tal  membranes  is  a  simple  one.  In  the  pig,  for  example,  tite  uterine 
mucous  membnitie  is  everywhere  uniformly  vaacular;  its  only  pecu- 
liarity consisting  in  the  presence  of  transverse  folds,  which  project 
inward  from  its  surface,  like  the  valvulje  conniventes  of  the  small  in- 
teatine.  The  ext*rnal  investing  membrane  of  the  egg,  or  the  allantois, 
is  also  smooth  and  uniformly  vascular.  No  special  development  of 
tissue  or  of  vessels  occurs  at  any  part  of  these  membranes,  and  no  adhe- 
sion takes  place  between  them.  The  vnscidar  allantoic  of  the  fcutus  is 
simply  in  close  apposition  with  the  vascular  miiciMis  membrane  of  the 
uterus;  each  of  the  two  contiguous  surfaces  following  the  undulations 

Fig.  270. 


DlngrMB  of  the  Foital  Pio,  vrllh  !«■  mrmtimnrc.  In  tho  uterti«t«I>o«rlnK  th«  r«1«tloa  Of 
the  KiUnlalo  and  uterine  •urfneec— «,«,6,6.  WitlU  oftll*  ulefus.  c,  c.  Cavlljrorihe  Ut«rus. 
4.  Aranloa.    *,t.  Allsntoia. 


presented  by  the  other.  (Fig.  270.)  By  this  arrongoraent,  transudation 
and  absorption  take  place  from  the  bloodvessels  of  the  mother  to  thos« 
of  the  foetus,  in  sufficient  quantity  to  provide  for  the  nutrition  of  the 
latter.  When  parturition  takes  place,  a  mmleratc  contraction  of  the 
uterus  is  sufflcicnt  to  exjx'l  its  contents.  The  egg,  displaced  from  its 
original  position,  slides  forward  over  the  surfaoe  of  the  uterine  raucous 
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membrane,  and  is  discharged  williout  any  hemorrhage  or  laceration 
ih\i  parts. 

In  other  instance;*,  there  is  a  more  intimate  connection,  at  c«rta| 
points,  between  tlie  fujtal  and  maternal   structures.     In  the  cow, 
shot'i),  and  tliw  rnmiiititing  aniiuaU  generally,  the  external  me mbr&ne  < 
Liu:  eii;T,  hesiile  Ijving  everywhere  8up|dii;d  wilh  branching  bl<KKlve98el 
[jreaents,  scatterud  over  its  suiIucl*,  a  large  numl>cr  of  distinct  roundi 
or  ovnl  9|iots,  at  each  of  which  it  is  covered  with  thickly  »et,  UiHW 
vascular  prominences.     TIil-su  spots  are  called  coft/led'trn',  or  cup«. 
cause  each  one  is  surrounded  by  a  raised  rim  or  fold,  which  cmbrac««5 
corre»iK>udiiig  rounded  mass  projecting  from  the  internal  surrace  of 
uterus.     This  projecting  portion  of  the  uterine  mucous   mcmbrmue 
also  abundautly  supplied  with  bloodvessels;    and   the  tufted   vasciil 
loops  projecting  from  tlie  surlace  of  the  fietal  membrane  (Fig.  271, 6J 
ibp  down  into  its  substance  and  arc  entaugled   with  those  belonging 

Fip.  271. 


t)o  1  1  i.ii;iii>» ,  from  Ihc  pregunot  utcMin  of  the  co*,-  «.  Internal  lurfAce  of  the  xH«nto 
b,b.  Fastnl  bioo<lveM«li.  e,e.  Surf«c«  of  uterluo  inucout  mcmbraiiF.  d,  d.  Mktemitl  Mo 
v»»elB. 


the  ntprna  (rf,  d).     There  is  no  absdlutc  .idhesion  between  the  two  set 
of  vessels,  but  only  nn  iuterlncemcnt  of  Hieir  ramified  extn-mities;  n>4_ 
by  careful  manipulation  the  fnetal  portion,  with  its  villosities,  may 
extricated  from  the  maternal  portion  without  the  laceration  of  oithorj 

In  the  carnivorous  niiimnls,  a  similar  biglily  developed,  vascular 
tion  of  the  allantois  nms,  in  the  form  of  n  single   brfiad    l>elt   or  Ivil 
round  its  middle  part;  and  this  corresponds  in  situation  with  an  equs 
developed  zone  of  the  uterine  mucous  membrane.     Here  the   fa?tal 
maternal    structures    are    adherent    to   cvnh    other;    while,    cl$«ewbc 
toward  the  two   extremities  of  the  egg,  they  lie  simply   in    com 
When  gestation  comes  to  nn  end  in  those  animals,  and  the  fretiis,  witli 


its  membrnnes,  is  expelled,  the  lliickeiie<I  zone  uf  utL-i-iue  mtiijous  niein- 
braiiti  is  d«tuc*lie<i  at  the  same  time,  and  its  place  is  atlvrwanl  made 
guud  by  a  new  growth. 

lu  the  huitiuii  8|)fc-ie8,  as  shown  in  the  preceding  chapter,  the  {wrma- 
Beiitty  thickened  purliuns  of  llie  choriuii  and  decidua,  uait<>d  with  each 
uther  by  tuiituu.1  iuLeipeuetnLtimi  iind  ^^rcmlh,  Tortn  a  siligte,  tlattene<l, 
cake-like  uiass  of  ruuuded  lonn,  ueeupying  rather  less  than  one-third 
of  tJKj  Mirfitce  uf  llic  chorion,  lUid  eijmsponding  to  a  Hiriiilar  extent  of 
the  inner  surface  of  the  uterus.  This, mass, consisting  t/f  tlie  ra-lul  and 
aiaterual  elements  coiubined,  is  the  pltut^nia. 

The  cuin|dete  develo|<iuent  of  the  placenta  lakes  place  in  the  follow- 
ixii;  manner: 

The  villi  of  tlie  chorion,  when  first  fonne<l,  iwnetrnte  into  follicles 
situated  in  the  sulistanee  of  the  uterine  nnicoiis  membrane;  and  alter 
bv-coming  vascular,  they  are  developed  into  tufted  ramiticntions  of 
bloodvessels,  each  one  of  wliieh  tnrns  ni»on  Itwlf  in  .1  loup  at  the  ex* 
tremity.  At  the  same  time  the  uterine  follicle,  into  which  the  villus 
has  penetrated,  enlarges  to  a  similar  extent;  semUng  out  branching 
diverticula,  corresponding  with  the  multiplied  mndflcntions  of  the 
villus.  The  growth  of  the  follicle  and  that  of  the  villus  thus  go  on 
simultaneously  antl  keep  pace  with  each  other;  the  latter  constantly 
advancing  as  the  cavity  of  the  former  enlnru:es. 

Ikit  it  is  not  only  the  uU>riiiv  follicles  whicli  increase  in  size  and  in 
complication  of  strticture  at  this  periixl.  The  capillary  IiUmhI vessels, 
which  lie  between  them  and  r!iniily  over  their  exterior,  also  bwome 
unusually  develoi)ed.  They  enlarge  and  inosculate  freely  with  each 
other;  so  1h:it  ev<iy  uterine  folli- 
cle is  covered  with  a  network  of  ^'if-  272. 
dilated  capillaries,  tlerived  flora 
the  bloodvessels  of  the  original 
decidua. 

As  the  formation  of  the  pla- 
centa goes  on,  the  nuatumical  iir. 
rangement  of  the  festal  bloodves- 
sels remains  the  same.  They 
continue  to  form  vascidar  loops, 
IKMjetrsting  deejily  into  the  de- 
cidual membrane ;  only  they  be- 
come more  elona;,ited,  nnd  their 
raiiiificntions  more  abundnnt  and 
tortuous.  The  maternal  cnpilla- 
ries,  however,  on  the  outside  of 
the  uterine  follicles,  Ijccome  con- 
siiierably  jdtered  in  their  anatomi- 
cal   relations.      They    enlarge    in 

all  directions,  nnd,  by  encronching  upon  the  spaces  situnted  between 
them,  ruse  successively  vith  each  other;  and,  losing  gradually  in  this 
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way  the  characters  of  a  capillary  network,  become  dilated  into  sionses, 
which  communicate  freely  with  the  vessels  in  the  muscular  walls  of  ll»e 
uterus.  As  the  original  capitiury  plexus  occupied  the  entire  thii.-kitf<<* 
of  the  hypertruphtetl  decidua,  the  vascular  sinuses,  into  which  it  i«  thu» 
converteil,  are  equally  extensive.  They  commence  at  the  external  sur- 
face  of  the  pinceuta,  where  it  is  in  contact  wjih  the  muscular  wnlls  of 
the  utertiH,  and  extent)  through  il«  whole  thickness,  quite  to  the  &iuike 
of  the  fcetal  chonou. 

As  the  maternal  sinuses  grow  inward,  the  vascular  tufts  of  the  cbo 
rion  grow  outwanl,  and  extend  also  through  the  entire  thickness  uf  tbe 
pliicenta.     In  tlie  latter  ja-riotls  of  pregnancy,  the  development  of  the 
bloo<lvesselri,  both  in  the  fietal  and  maternal  portions  of  the  pl.-iccnU 
is  so  excessive  that  all  tlie  other  tissues,  wliich    originally  coexiatcd 
with  thein,  have  nearly  disappearetl.     If  a  villus  from  the  fa;tal  portiwo 
of  the  jthu-ontii  be  examined  jit  this  time  Vty  transparency,  in  the  fre»h 
condition  {Fig,  272)  it  will  be  seen  that  its  bloodvessels  are  coveivi 
on!}'  with  a  layer  of  homogeneous,  or  flnclr 
granular  material,  about  7  minm.  in  thickopK^, 
in  which  are  imltedde<l  tsmail  ovul-shapetl  nu- 
i-lei,  similar  to  those  seen  at  an  earlier  period 
in  the  villosities  of  the  chorion.     The  plaoenUl 
villus  is  now,  therefore,  haivlly  anything  more 
than  a  congeries  of  ramified  and  tortuous  vas- 
cular loops ;  its  remaining    substance  having 
been  atrophie<l  and  absorbed  in  the  cxceaftiw 
growth  of  the  bloo<l vessels,  the  a1)undiincc  and 
development  of  which  cjin  be  readily  shown  by 
injection    from    the  "umbilical    arteries.    (Fig. 
2T3.)     The  uterine  follicles  have  at  the  8ani« 
time  lost  their   original   structure,  an<l   have 
become  mere  vascubir  sinuses,  into  which  the 
tufted  fojtal  bloodvessels  are  receiA-enl,  as  the 
villosities  of  the  chorion  were  at  first   received  into  the    uterine  fol> 
licles. 

Finally,  the  walls  of  the  fcetal  bloodvessels  having  come  into  close 
apposition  with  the  walls  of  the  maternal  ainnses,  the  two  l>eeome  adhe- 
rent and  fuse  together;  si>  that  a  time  at  last  arrives  when  we  can  no 
longer  separate  the  foetal  vessels,  in  the  sidistance  of  the  placi-nta,  fp'tn 
the  mnternal  sinnsps,  wiihnnt  lacerating  either  the  one  or  the  other, 
owing  to  the  adhesion  which  has  taken  place  between  them. 

The  placentii,  therefore,  when  perfectly  forme<l,  has  the  structure 
which  is  shown  in  the  accompanying  diagram  (Fig.  274),  repr^^senlin^ 
a  vertical  section  of  the  organ  through  its  entire  thickness.  At  n  o,  i» 
sect*  the  chorion,  receiving  the  urnbilieul  vessels  from  the  body  of  the 
fo'tus  through  the  umbilical  cord,  and  sen(hng  out  its  compound  and 
Rimtfied  vascular  tnfYs  into  the  substance  of  the  placenta.  At  A,  6,  id 
the  attached  surface  of  the  decidua,  or  uterine  mucous  membnuie  *  and 
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it  c,  c,  e,  c,  are  the  orifices  of  uterine  vessels  which  penetrate  it  from 
below.  These  vessels  enter  the  placenta  in  an  extreniely  oblique  riireo* 
tion,  though  they  aie  represented  in  the  diagram,  for  tiie  sake  of  di»- 
tiuctness,  as  nearly  perpcndiculnn     When  they  have  once  penetrated 

Fig.  274. 
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the  lower  portion  of  the  decidna,  they  immedintely  dilate  into  the  pla- 
oental  sinuses  (representtnl,  iu  the  diagram,  in  Wack),  which  extend 
through  the  whole;  thickness  of  the  organ,  closely  embracing  all  the 
raminentioiis  of  the  fwtal  tufts.  It  will  Ik?.  Hwn,  tliert»forc,  tlint  the  pla- 
centa, arrived  nt  this  stage  of  completion,  is  eomposetl  essentiBlly  of 
nothing  but  bloodvessels.  The  other  tissues  which  originally  entered 
into  ita  struetnre  have  disappeared,  leaving  the  blootlvessels  of  the  foetus 
entangkd  with  and  adherent  to  the  blootlvessels  of  the  mother. 

Tlicre  is,  liowever,  no  direct  communication  between  the  fa'tal  and 
maternal  vessels.  The  bkjod  of  the  foetus  is  always  scjiaralejl  from  the 
blood  of  the  mother  by  a  membrane  which  has  resulted  from  the  »uc- 
cessive  union  and  fusion  of  four  different  memliranes,  namely:  first. the 
membrane  of  tlie  fivtal  villus;  secondly,  that  of  the  uterine  folUcJe; 
thirdly,  the  wall  of  the  fa?lal  blootlvesael ;  and  fourthly,  the  wall  of  the 
uterine  sinns.  The  membrane,  however,  thus  pTO<luce<l,  i«  of  great 
extent,  owing  to  the  abundant  branching  and  sabdivinion  of  the  fa'tal 
tufts.  These  tufts,  in  which  the  blood  of  the  forus  circulates,  are  l>flthe<l 
everywhere,  in  the  placental  sinuses,  with  the  bloo<1  of  the  mother;  and 
the  processea  of  absorption  and  exhalation  go  on  between  the  two  with 
a  corresponding  activity. 

It  ia  easy  to  demonstrate  the  arrangement  of  the  foptal  tufls  in  the 
human  placenta.     They  can  be  readily  seen  by  the  naked  eye,  and  may 
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be  lrace<l  from  their  attnchnK'iit  at  the  under  Burface  of  the  chorinn  To 
their  term  ill  lit  ion  near  the  utfriiie  surlaue  of  tl>e  i»lac*eula.  The  ana- 
tomical iiispasitiori  ol"  the  phicfulal  sinuses  is  more  difficult  of  cxauiiiui- 
tion.  During  life,  ami  wUiic  tht;  placfutu  is  still  attached  to  the  i 
they  arc  filled,  of  roiir-se,  with  the  blood  of  the  mother,  aiul  ik-lhi  _ 
one-huLf  the  mass  of  the  placenta.  But  when  the  placcnla  is  d«.-tacbt< 
the  uiatenml  vessels  betoiigiug  to  it  are  toru  otf  at  their  necks  i Fig. 
27-t,  r,  c,  f,  (•),  and  the  sinuses,  being  then  emptied  of  blood  by  the  pooj- 
jiressiun  to  whit-h  the  plaecnta  is  subjected,  are  apiiarciitly  ublilrnted; 
nnd  the  fu'tal  tufts,  fallJDg  together  anil  lying  in  contact  with  wM 
oilier,  appear  to  constitute  the  whole  of  the  |tlacental  mass.  The  m- 
istenoe  of  tUv  placental  sinuses,  however,  and  their  true  extent,  iu»y  U; 
demonHtrated  in  tlie  following  manner. 

If  we  take  the  uterus  of  a  woman  who  has  die<i  undelivered  at  the 
full  term  or  thereabout,  and  o|)en  it  in  such  a  way  as  to  avoid  wounding 
the  piareiila,  this  organ  will  be  seen  reniaiuing  attached  to  the  uteriDi' 
surface,  with  all  its  vascular  connections  complete.  Let  tin*  foitus  i* 
now  removi'd  by  dividing  the  umbilical  cord,  and  the  uterus,  with  Uit 
placenta  attache<l,  placed  under  water,  with  its  internal  surface  uppcf" 
most.  If  the  end  of  a  blowpipe  be  then  introduccfl  into  ont?  of  lb* 
divided  vessels  of  the  uterine  walls,  and  air  forceil  in  by  gentle  insuffla- 
tion, we  can  easily  Inflate,  first,  the  vascular  sinuses  of  the  u terns,  alul 
next,  the  deeper  portions  uf  the  placenta  ;  and  lastly,  the  l»ubble«  of  air 
inj*iniiate  tliciuselves  everywhere  between  the  fcvtal  tufts,  and  appear  in 
the  most  8U|)erficial  portions  of  the  placeula,  Iniraediately  undemeaUi 
the  transparent  chorion  (a,  a,  Fig.  274) ;  tlnis  showing  that  the  pU- 
cental  sinuses,  which  freely  connnunicate  with  the  uterine  vessels,  occupy 
the  entire  tllicknes^^  of  the  placenta,  and  are  equally'  extensive  with  tlj« 
tufts  of  th»j  chorion.  We  have  veiified  this  fact  In  the  alwive  manner, 
on  six  different  occasions,  and  in  the  presence  of  Trof.  C.  K.  GUman, 
Prof.  Geo.  T.  KIHot,  I'rof.  Henry  B.  Sanils,  Piof.  T.  0.  Tliomas,  l»r.  T. 
C.  Fiiinell,  and  various  other  medical  gentlemen  of  New  York.  Tint 
same  tiling  Ikis  Iwen  done  by  Prof.  A.  Flint,  .Ir.,'  w-ith  a  similar  result. 

If  the  placenta  be  detached  and  examine*!  separately,  it  will  lie  fuufld 
to  present  upon  its  uterine  surface  a  number  of  ojwnings,  wliich  are  ei' 
tremely  oblique  in  position,  and  bounded  on  one  side  by  a  very  tbio 
ci'escentic  edge.  These  arc  tlie  orifices  of  the  uterine  bloodveaseU, 
passing  into  the  iilacenta  and  torn  off  at  their  necks,  as  above  descnlmi; 
and  by  oarcriilly  following  them  with  the  probe  and  sciBsors,  thev  an* 
found  to  lead  at  once  Into  extensive  empty  cavities  (the  placental 
siiiUHcs),  situated  between  the  foetal  tufts.  These  CAvities  are  fil!«l 
during  life  with  the  maternal  blood  ;  ami  there  is  every  reason  to  lidiev« 
that  hefore  delivery,  while  the  circulation  is  going  on,  the  plticonta  is  it 
least  twice  as  large  as  after  it  has  been  detached  and  expelled  from  tbft 
uterus. 


'  Flint,  Phj'siolo^  of  Man.     New  York.  1874,  vol.  v.  p.  382. 


I 


J 


THE    PLACENTA, 


761 


The  plactnU,  accordingly,  is  a  double  orgnn,  forme*!  jvarily  by  the 
churion  and  parlly  by  the  di^^cidua  ;  and  consisting  of  mateiual  ojkI  IVrtol 
bloodvesselB,  cnlnnglcd  uiul  united  with  each  other. 

The  part  which  this  organ  takes  in  the  development  of  the  fa^tUB  ig 
of  primary  importance.  From  the  date  of  iti»  formation,  at  about  the 
bepiiining  of  the  fourth  month,  it  constitutes  the  only  channel  throngh 
which  noiirislinicnt  ia  conveyed  from  tiie  mother  to  the  fo-tus.  The 
nutritious  materials,  "fthicli  circnlute  in  the  blooil  of  the  maternal 
Biiuiijes,  paaa  through  the  intervening  membrane,  and  enter  tlie  blood  of 
the  foetiis.  The  healthy  or  injurious  regimen,  to  which  the  mother  ia 
subjected,  will  necordingly  exert  an  influence  ufion  the  child.  Even 
nit'didiml  substances,  taken  by  the  mother  and  absorbed  into  the  circu- 
lation, rany  traneuile  throngh  the  placental  vessels,  and  thus  exert  a 
8|»eciflc  effect  upon  the  foetal  organization. 

The  placenta  is,  furthermore,  an  organ  of  exlialation  as  well  as  of 
absorption.  The  excri-'meiitilious  matters,  ])roduced  in  the  circulation 
of  llie  fu-tus,  are  undoubtedly  hi  great  un-asure  disposed  of  by  transu- 
dation lliroiigh  the  walls  of  the  placental  vessels,  to  be  afterward  dis- 
charged by  the  excretory  organs  of  the  motlicr.  The  system  of  the 
mother  may  therefore  be  afftfU'd  in  this  manner  by  influences  derivwl 
from  the  foetus.  It  has  lieen  oltservinl  in  the  lower  animals,  that  when 
the  female  has  two  successive  litters  of  young  by  diflferent  males,  the 
young  of  the  second  litter  will  sometimes  bear  marks  resembling  those 
of  the  first  male.  In  these  instances,  the  ijifluenve  which  produces  the 
external  mark  is  transmiltetl  by  the  first  male  to  the  foetus,  from  the 
fretus  to  the  mother,  and  from  the  mother  to  the  fcetus  of  the  second 
litter- 
It  is  also  through  the  placental  circulation  that  those  disturbing  efTccts 
are  produceii  u[M)n  the  nutrition  of  the  fa'tus,  which  result  from  sud- 
den shocks  or  injuries  inflicttnl  u]M)n  the  mother.  Thei'e  is  little  room 
for  doubt  that  various  deformities  and  deficiencies  of  the  fcetus,  confor- 
mal»ly  to  the  popular  belief,  originate,  in  certain  cases,  from  nervous 
impressions  exi)erienced  by  the  mother.  The  mode  in  which  these  I'tfects 
may  be  produced  is  readily  understood  from  the  anatomy  and  functions 
of  the  placenta.  It  is  well  kn(>wu  how  easily  nervous  impressions  will 
disturb  the  circulation  in  the  brain,  the  face,  or  the  lungs ;  and  the 
uterine  circulation  is  quite  as  remlily  influenced  by  similar  causes,  as 
shown  in  cases  of  amenorrho^a  and  menorrhagia.  If  a  nervous  i»hock 
may  excite  premature  contraction  in  the  muscular  fibre/*  of  the  pregnant 
uterus  and  produce  aljortlon,  it  is  undoubtedly  capalile  of  •li'^turbing 
the  circulation  of  the  blood  in  the  same  organ.  But  the  frttal  circulation 
is  dependent,  to  a  great  extent,  on  the  maternal.  The  two  sets  of  vessels 
are  united  in  the  placenta,  and  as  the  foetal  blood  has  much  the  same 
relation  to  the  uKiternal,  that  the  blootl  in  the  pulmonary  en pillarics  has 
to  the  air  in  the  pulmonary  air-cells,  it  must  lie  liable  to  derangement 
from  similar  causes.  And  lastly,  as  the  nutrition  of  the  fujtus  is  pro- 
vided for  wholly  by  the  placenta,  it  will  suffer  lYom  any  dlftVwcVs'MiRft  <A. 
49 
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the  placeutal  circnlation.  These  efTeots  may  be  manifested  ^ther  m  the 
general  atrophy  and  death  of  the  fcetns,  or  in  the  imperfect  devdop- 
mei\t  of  particular  parts ;  Jost  as  in  the  adalt  a  morbid  aeU<m  may  ope- 
rate upon  the  entire  system,  or  may  show  itself  in  some  one  organ,  wyd 
is  more  particularly  sensitive  to  its  influence. 


CHAPTER   XIII. 


DISCHAROE    OF    THE    F(ETUS    AND    PLACKNTA, 
REGENERATION    OF  THE   UTERINE  TISSUES. 

PuRiNQ  the  growth  of  tlie  i-mliryo  nnd  its  memhrnnes,  and  tLf 
<levt'lopniont  of  tlie  uti'rine  imictniH  nuMuhnitii'  uiUy  llic  ilt'ricliia  anfl 
].ilacenl:i,  the  muacnlai"  tissue  of  tho  utcrusi  alsti  innvascs  iii  thickness, 
while  the  whole  organ  enlarges,  to  HCfoinmodate  tiie  greater  vuhinie  of 
its  contents.  Tliis  iiierease  of  snbhtonce,  wliieli  is  iiuiinly  ilue  t(i  an  un- 
usual growth  in  the  innsi-ular  walls  of  tlie  orpan,  gives  it  a  sufllcieiit 
degree  of  eoulractile  iKjwer  for  the  expulsion  of  the  fa'tus  at  the  time 
of  delivery. 

Tlie  enlargement  of  tho  nniiiiotio  cavity,  and  the  increased  quantity 
of  the  amniotie  Uniil,  also  provide  tlie  re<|iiisite  space  and  freedom  for 
the  intrrt-nteriiie  niovetDicnts  oJ  the  fa'tus.  The»e  niuvenienls  Iw^in  to 
1m?  |iorc-eiyliljle  about  the  fifth  t^ontli,  at  which  time  the  developuiL-nt  of 
the  muscular  system  Lu8  heeouie  siiflicietit  to  allow  it  a  certain  amount 
of  ftmctional  activity.  Dnriiiy:  the  latter  months  of  iiregnanc}'  the}* 
l)oi'ome  more  frequent  and  vigorous,  :uid  may  often  be  f«;lt  by  the  baud 
of  Ihe  observer  apjilie^l  to  the  abdomen  over  the  region  of  the  uterun. 

The  attaehiueut  of  the  embryo  to  the  investing  membranes  of  the  egg 
is  at  first  by  a  very  short  and  comparatively  wide  fuDiiel-shaped  cou 
neetion,   consisting    of  the   com- 

meneeracnt  of  the  chorion,  a  part  Fiff.  275. 

of  the  aiiiiiioo,  and  an  abundant 
deposit  of  gelatuioua  mHteriul 
•  letween  the  two,  eontiiiiiing  tho 
stem  of  the  umbdtcal  vesicle. 
Subsequently,  as  the  amniotic 
cavUy  enlarges,  the  IkmIv  of  tho 
embryo  recedes  farther  from  the 
inni-r  surface  of  the  chorion,  by 
the  elongation  of  its  conne<;ting 
part ;  and  this  part  consequently 
begins  to  present  the  apijearance 
of  a  cord  (Fig  275).     It  is  still 

surrounded  with  a  thick  layer  of         m  .  «  a  >    i:m  b  ryo   a  ^       :  ;    m 

gelalinous  matter,  bv  which  it  is     »  "'  ^  ^■''  '"  "'«  f«rir  iwri.  a    i  -.sMhua; 

»     •»    i>  •..      "  .    ^-       •  •bowing  the  comnieiicem«nt  of  /onn*IIOB  of 

separated  from   its   amniotic   in-     ihe  uinbiiicni  cord. 

vestment.     As    it    emerges   from 

the  abdomen  of  the  embryo  at  a  point  when-  the  abdominal  walls  will 

afterward  close  round  it,  to  form  the   umbiUuu&^  it  \%  Vtnvvkw  \\>{  >^\v 
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name  of  the  Hmbilicttl  cord.     It  contains  tlie  bloodveasels  nassinjr  i.c! 
from  the  body  of  tlie  embryo  to  tlie  chorion  and  pUcenta. 

After  the  third  nnuith  t!ie  umbilical  conl  anil  its  LIoo<lv«ede]s  ni  ; . 

even  more  rflpidly  thsiri  is  n-qtiircil  hy  the  increase  in  size  of  the  ai. 

cavity.     They  eotjseqnenlly  assume  a  twisted  form,  the  two  umbiiicti 
arteries  windiu":  round  the  vein  in  a  spiral  dii-eetiou. 

The  dircftiun  of  the  siiind  as  not  always  the  same.  Prof.  Mcl..ane 
lins  recorded  observations  ina<le  in  regani  to  this  |>oiDt  upon  2fiO  urn- 
lilHeal  coixls  at  term,  partly'  in  his  private  practice  and  partly  at  tk 
Nursery  and  Child's  Hospital,  New  York.  Of  this  uumber,  in  138 
cases  the  direction  of  tin-  s|iiral  was  frora  left  to  right;  in  112  ease*, 
from  riglit  to  lelt ;  and  in  the  10  remaining  instances  it  was  doubifol. 
the  twist  liein<i  too  iniiiertVctly  marked  for  decision.  This  givefi  nearijr 
the  following  j^)erceutnge  as  the  result  of  all  the  observationd : 

DrRECTlOX  OF  THK  SPIBAL  TwigT  OF  THK  UuMAN  UMBIMCAt.  CoBD. 

From  left  to  right 53  per  cent. 

From  rjftht  to  left 43         '■ 

ludclermiuate 4 


IW 


Fip.  27r). 


There  is,  accordingly,  M 
markeii  prepondfrauoe  in  ft^ 
qiieticy  of  the  twist  in  either 
direction.  Two  eases  of  Iwiju 
are  iiicliide<l  in  the  above  list; 
in  the  Qmt  of  which  l>oth  urn- 
bilieal  conls  tnmed  from  riehl 
til  left;  in  tl»e  second,  one  of 
them  turne«l  from  right  to  left, 
the  other  from  left  to  rigbL 
In  two  instances,  the  cord 
presenteii  turns  in  oppositt 
eliiections  in  ditfer«nt  part'iof 
its  length. 

The  gelatinous  matter,  ai 
ve.idy  describtnl  as  existing 
between  the  amnion  and  cho- 
rion, and  which  disappears 
elsewhere,  accumidates,  M 
the  contrary,  in  the  cord  in 
considerable  quantity,  core^ 
ing  the  vessel e  with  a  tbiek, 
clastic  i.'D'veiope,  whrcli  protects  them  from  accidental  compressiou  or 
obliteration.  Tlie  whole  it  covered  by  an  extension  of  the  aninioo, 
which  is  continuous  at  one  extremity  with  the  iiiteijmnent  of  the  ahW 
men,  and  fnvi^rts  the  cord  with  au  uuintcrrupted  sheath,  Uk©  the  ftngtr 
of  a  glove. 


CRkan^TIl      HOUJIN      rfTKRra      AMD     ITS 

VoTtT esT 6  •tmiit  (h«  end  ol  the  aeveuth  monrh  ; 
•ha«vinB  thr  relnllonr  ol  Ihe  conl,  plAccuIn,  nnd 
wcnihrwnM  — I.  l>erlrliii  »»»«     2.    Decidua  rrflexn. 


DISCHARGE    OF    FCETUa    AND    PLACENTA, 


•65 


Tlie  cord  also  contains,  fur  a  certain  period,  the  pedicle  or  stem  of 
the  umbilical  vesicle.  The  situation  of  this  veoicte,  neccssHrily,  is 
always  between  the  chorion  nml  the  amnion.  Its  pedicle  gradually 
elongates  with  the  growtli  of  the  uml>ilical  coni ;  ami  the  vesicle  itself, 
which  geuenilly  disHppeurs  8oon  after  the  thinl  inoiith,  sometimes  re- 
mains as  late  as  the  lifiti,  sixth,  or  Bcveiilh.  According  to  Mayer,  it 
may  even  be  found,  by  careful  search,  at  the  termination  of  pregnancy. 
Ju  the  middle  and  latter  perimls  of  gestation^  it  presents  itself  as  a 
small,  fliitteued  vesicle,  situated  beneath  the  amnion,  at  a  variable  dis- 
tance from  the  insertion  of  the  umbilical  conl.  A  minute  bloodvessel 
is  ot\eu  seen  ruuning  to  it  from  the  cord,  anil  ramifying  ui)on  its 
surface. 

The  decidna  rcflexn,  during  the  latter  months  of  pregnancy,  is  con- 
stantly distended  by  the  increasing  »izc  of  the  egg,  and  linally  pressed 
against  the  opposite  surface  of  the  dccidua  vera.  By  the  end  of  the 
seventh  month,  the  decidua  vera  and  roflexa  are  in  contact,  though  still 
distinct  ami  capable  of  t»eing  easily  separated.  After  that  time,  they 
become  confounded  with  each  other,  forming  at  last  only  a  single,  thin, 
friable,  semi-opaque  layer,  in  wliicli  no  trace  of  glaitdulur  structure  can 
be  discovered. 

Tliis  is  the  condition  of  things  at  the  termination  of  pregnancy. 
Then,  the  lime  having  arrived  for  parturition  to  take  place,  the  hy{K'r- 
lrophie<I  muscular  walls  of  the  uterus  contract  upon  its  contents,  and 
the  egg  is  discharged,  together  with  the  <lecidual  membrane. 

In  the  human  species,  as  well  as  In  most  quadrupeds,  the  membranes 
of  the  egg  are  usually  riti>tured  during  the  process  of  pnrturition  ;  and 
the  fietus  escajx^s  first,  the  placenta  an<l  the  rest  of  the  np|>endages  fol- 
lowing a  few  moments  afterwanl.  Occasionally  the  egg  is  discharged 
entire,  and  the  fcetus  afterwanl  liberatetl  by  the  laceration  of  the  mem- 
branes. In  each  case  the  mode  of  separation  and  expulsion  is  essen- 
tially the  same. 

The  process  of  parturition,  therefore,  consists  in  a  separation  of  the 
decidual  membrane,  which,  on  Ix'ing  discharged,  brings  away  the  ovum 
with  it.  The  greater  part  of  the  decidua.  vera,  having  fallen  into  a 
state  of  atrophy  during  the  latter  months  of  pregnancy,  is  by  this  time 
nearly  destitute  of  vessels,  and  separates  without  perceptible  hemor- 
rhage. That  portion  which  enters  into  the  formation  of  the  placenta  Is, 
on  the  contrary,  excessively  vascular;  and  when  the  placenta  is  sepa- 
rated, and  its  maternal  vessels  torn  otf  at  their  insertion,  a  gush  of 
blood  takes  plnce,  which  accompanies  or  irame<liately  follows  the  birtli 
of  the  fcetus.  This  lu>morrhage,  which  occurs  at  the'limeof  parturition, 
does  not  come  imnu-^liutely  from  the  uterine  vessels.  It  consists  of 
blood  which  was  contained  in  the  placental  sinuses,  and  which  is  ex 
pelled  from  them  owing  to  the  compression  of  the  placenta  by  the 
muscular  walls  of  the  uterus.  Since  the  whole  amount  of  Vilood  thus 
lost  was  previously  employed  in  the  placental  circulation,  and  since  the 
placenta  itself  is  thrown  off  at  the  same  time,  no  unpleasant  effect  is 
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produced  npon  the  mother  by  sach  a  hemorrhage,  because  the  prop» 
tion  of  blood  in  the  rest  of  the  vascular  system  remains  the  Mine. 
Uterine  hemorrhage  at  the  time  of  delivery  becomes  i^Jurioos  only 
when  it  continues  after  complete  separation  of  the  {riacenta;  in  iriiieh 
case  it  is  supplied  by  the  mouths  of  the  uterine  vessels,  left  open  \ij 
&ilure  of  the  uterine  contractions.  These  vessels.  In  natnral  paitoii- 
tion,  are  instantly  closed,  efter  separation  of  the  placenta,  by  theooo- 
traction  of  the  uterine  mnscnlar  flbi'es.  They  pass,  as  already  niea- 
tioned,  in  an  exceedingly  oblique  direction,  from  the  ntenis  to  the 
placenta;  and  the  muscular  fibres,  which  cross  them  transversely  abore 
and  below,  necessarily  close  their  orifices  by  constriction  as  soon  u 
they  are  thrown  into  a  state  of  functional  activity. 

Itegeneration  of  the  Uterine  Tusuev  after  Delivery, — ^Both  the  bik 
oous  membrane  and  muscular  tissue  of  the  uteros,  wluch  are  the  sett 
of  an  unusual  growth  during  pregnancy,  are  afterward  replaced  by 
corresponding  tissues  of  new  formation.  The  mucous  membrane, « 
decidua,  is  discharged  at  the  time  of  delivery ;  and  the  hypertrt^jhifed 
muscular  tissue,  which  has  served  its  purpose  in  the  expulsion  oi  tte 
foetus,  undergoes  soon  afterward  a  process  of  retrogression  and  atrojphy. 

A  remarkable  phenomenon  connected  with  the  renovation  of  the  VH^ 
rine  tissues,  is  the  appeamnce  in  the  uterus,  during  pref^nancy,  of  ■ 
new  mucous  membrane,  growing  underneath  the  old,  and  ready  to  take 
the  place  of  the  latter  after  its  discharge. 

If  the  internal  surface  of  the  body  of  the  uterus  be  examined  immi' 
diutely  after  parturition,  it  will  be  seen  that  at  the  spot  where  the  pbi- 
cuuta  was  attached,  every  trace  of  mucous  membrane  has  disappeared. 
The  muscular  fibres  of  the  uterus  are  here  exposed  and  bare  ;  while  tlie 
mouths  of  the  ruptured  uterme  sinuses  are  also  visible,  with  their  thin 
edges  hanging  into  the  cavity  of  the  uterus,  and  their  orifices  i^ugged 
with  bloody  coagula. 

Over  the  rest  of  the  uterine  surface  the  decidua  vera  has  also  diaip- 
peared.  Here,  however,  notwithstanding  the  loss  of  the  original  mucons 
membrane,  the  muscular  fibres  are  not  perfectly  bare,  but  are  covered 
with  a  semi-transparent  film,  of  whitish  color  and  soft  consistency. 
This  film  is  an  imperfcHjt  mucous  membrane  of  new  formation,  which 
begins  to  be  produced,  underneath  the  old  decidua  vera,  as  early  si 
the  beginning  of  the  eighth  month.  We  have  seen  this  very  dis- 
tinctly in  the  uterus  of  a  woman  who  died  undelivered  at  the  above 
period.  Tlie  old  mucous  membrane,  or  decidua  vera,  is  at  this  time 
somewhat  opaque,  and  of  a  slightly  ^'ellowish  color,  owing  to  partial 
fatty  degeneration.  It  is  easily  separated  from  the  subjacent  parts, 
on  account  of  the  atropiiy  of  its  vascular  connections ;  and  the  ncv 
mucous  membrane,  situated  beneath  it,  is  diotinguishable  by  its  fh^ 
color  and  semi-transparent  aspect. 

The  mucous  membrane  of  the  cervix  uteri,  which  takes  no  part  in 
the  formation  of  the  decidua,  is  not  thrown  off  in  iJarturition  *  and  after 


inSCHARGE    OF    FCETUS    AND    PLACENTA. 


767 


delivery  it  may  be  seen  to  ter-  Fig.  27' 

lutuato  at  the  os  internum  by 
an  uneven,  Incerate^l  e<Ige, 
where  it  wn,»  formerly  contin- 
uous witli  the  deckluA  vera. 

Subsequently,  a  regeneration 
I  of  the  mucous  membrane  takes 
'place  over  the  whole  extent  of 
the  body  of  tiie  uterus.     The 
mucous  menibrnne  of  new  for- 
rinntion,    ^vhic■h    is    already    in 
iesistenci?  nt    the    time    of  de- 
livery, becomes  thickenetl  nnd 
vascular;    and    glandular    tu- 
bules are  gratliially  developed 
in  its  bubstance.    At  the  end  of 
two  moJiths  atler  delivery,  ac-     natbd  Hvuah  t'TKuns,  from  a  wonan  ■««! 
cording  to  Longet'  and  Hesehl,'    *"•  '•••*>  **'  phtbuit  pulmobaiu. 
it    hiis    regained    the    catural 
structure    of    uterine   rancour  ''' 

membrane.  It  unites  at  the  os 
iiiterum,  by  a  linear  cicatrix, 
with  the  mucous  membrane  of 
the  cervix,  and  the  traces  of 
laceration  at  this  spot  after- 
wanl  cease  to  be  visible.  At 
the  point,  however,  where  the 
placenta  was  attached,  the  re- 
generation of  the  mucous  mem- 
brane is  less  rapid ;  and  a  cica- 
trix-like  spot  is  often  vi8il>le 
At  thiii  situation  for  several 
lontlis  after  delivery. 

The  corresponding  change 
in  the  muscular  tissue  of  the 
uterus  consists  in  the  fatty  <le- 
goneration  of  its  fibres.  The 
muscular  fibres  of  the  unimpregnated  uterus  are  pale,  flattcne<],  spindle- 
shaped  bodies  (Fig.  277),  homogeneous  or  faintly  granular  in  appear- 
ance, and  measuring  about  50  mram.  in  length.  During  gestation  these 
fibres  increase  considerably  in  size.  Their  texture  becomes  more  dis- 
tinctly granular,  and  their  outlines  more  strongly  mnrked.  An  oval 
nucleus  also  shows  itaelf  in  the  eentrnl  part  of  each  fibre.     The  cutire 
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MOH,  ten  ility*  After  pnrturltloni  fran  a  woman 
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•  Traits  dc  Physiolopie.     PnriB.  lt<r)n,  06n#mtion.  p.  173. 

'  Zcitschrift  der  K.  K.  Uv«cU«chart  der  Aerste,  in  Wieii,  1852. 
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Fig.  279. 


walls  of  the  uterus,  at  the  time  of  delivery,  are  compoBed  of  such  mns* 
cular  fibres,  arranged  in  circular,  oblique,  and  longitudinal  bundles. 

About  the  end  of  the  first  week  after  delivery,  these  fibres  begin  to 
undergo  a  fatt}'  degeneration.  (Fig.  278.)  Their  granules  become  lai^r 
and  more  prominent,  and  soon  assume  the  appearance  of  fat  granules, 
deposited  in  the  substance  of  the  fibre.    The  deposit,  thus  commenced, 

increases   in   abundance,  and 
the  granules  continue  to  an- 
large  until  they  become  con- 
verted  into  fully   formed  fat 
globules,  which  fill  the  interior 
of  the  fibre  more  or  less  com- 
pletely, and  mask,  to  a  certain 
extent,  its  anatomical  charac- 
ters.  (Fig.   279.)      The  Cittj 
degeneration,    thus     induced, 
gives  to  the   uterus  a  softer 
consistency,  and  a  pale  yellow- 
ish color  which  is  characteristic 
of    this  period.     The  altered 
muscular  fibres  are  afterward 
absorbed,  and  gradually  give 
place  to  others  of  new  fornur 
tion,  which  already  begin  to 
show  themselves    before  the 
old    ones    have    disappeared. 
The  iiroccss  finally  results  in  a  complete  renovation  of  the  muscular 
substance  of  the  uterus.    The  organ  becomes  again  reduced  in  size,  com- 
l)act  in  tissue,  and  of  a  pale  ruddy  hue,  as  in  the  un  impregnated  con- 
dition.    The  entire  renewal  or  reconstruction  of  the  uterus  is  completed, 
according  to  Hesclil,  about  the  end  of  the  second  month  after  delivery 
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three  weeks  after  parturition ;  from  a  woman  dead 
of  peritonitis. 


Fig.  280. 


trace  oi  me  cererjro-s|>inal  axia  in  the  em hr_yo  consists 
twii  longitudinal  fulils  of  the  external  blastodermic  Inver,  whicli  include 
between  tbein  the  median  furrow,  known  as  the  "  medullary  groove" 
(page  12i).     The  two  folds,  after  uniting  by  their  corresponding  edges 
on  tiie  n)e<lian  line,  over  the  back  of  tlse  eml)ryo, 
convert   the   groove    iuta  a  canal,  the  "  mednUar3' 
canal  -/^  and  it  is  within  this  canal  that  the  cercbro- 
Bpinai  axia  is  formed. 

The  mode  of  its  formation  is  by  the  growth  of 
nervous  matter  upon  the  inner  surface  of  the  medul- 
lary canal ;  and  this  canal,  which  becomes  the  cerebro- 
spinal canal,  is  accordingly  line«l  with  a  secondary 
int^^'mal  sbeatli  of  nervous  matter,  which  also  has 
tiie  form  of  a  tubular  membranous  canal,  with  a  con- 
tinuous central  cavity.  This  is  the  cerebrosjnnal 
axis,  which  thus  forms  a  hollow  cylindrical  cord  of 
nervous  matter,  running  in  a  longitudinal  direction 
within  the  ccrebro-sjHnnl  canal.  Anteriorlj-  it  ex- 
pantls  into  a  bulbous  enlargement  corresponding  to 
the  brain.  Its  middle  portion.  C4instituting  the  si>inal 
cord,  is  nearly  cylindrical ;  and  jiosteriorly,  at  its 
caudal  extremity,  it  terminates  by  a  pointed  enlarge* 
ment. 

The  next  change  which  shows  Itself  is  a  division  of  the  anterior  bnl- 
bons  enlargement  into  three  secondary  compartments  or  vesicles,  par- 
tially separated  from  each  other  by  incomplete  transverse  constrictions. 
These  are  known  as  the  cerebral  veincle$^  from  which  the  different  parts 
of  the  cncephalon  arc  afterward  to  be  developed.  The  first  or  most 
anterior  vesicle  Is  destined  to  form  the  hemispheres ;  the  second  or 
middle,  the  tubercida  qu.idrigemina  ;  the  third,  or  posterior,  the  medulla 
oblongata.  All  three  vesicles  are  still  hollow,  and  their  cavities  com- 
raunioato  freely  with  each  other  through  the  intervening  orifices. 

Very  soon  the  anterior  and  posterior  cerebral  vesicles  undergo  a  ftir- 
ther  division,  the  middle  one  remaining  undivided.  The  anterior  vesicle 
thus  separates  into  two  portions,  of  which  the  first,  or  larger,  consti' 
tutes  the  hemispheres,  while  the  second,  or  smaller,  becomes  the  optio 
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thalami.     Tlie  tfiird  vesiule  also  sepnrates  Into  two  portions,  of  which 
the  anterior  becomes  the  cerebellum,  the  posterior  the  mcnlulla  obiongati. 


Fig.  28  L. 


Fig.  282. 


FoiTAL  Pio,  U  centimetre  long.  showlDg  the  coaditte 
or  the  brKin  nnd  ipinKl  conl,— 1.  Itetniapheres.  3,  TubwraU 
qundrigemln*.     S.  Cerebellum,    i.   Medulla  obloogftt*. 

There  are,  therefore,  at  this  time  five  cirtbnl 
vesicles,  all  of  wliich  comiuunicate  with  each 
other  anil  wilh  the  central  cavity  of  tlie  ppinal 
cord.  The  entire  cerebro-spinal  axis  also  be- 
comea  strongly  curved  in  an  Bnterior  diri'Ction, 
corrcspondieig  with  the  nnterior  cnrvatare  »>f 
Ihe  body  of  the  embryo  <Fig.  282)  ;  bo  that  tlie 
niiddlo  vesicle,  or  that  of  the  tubcrcula  qiiadri- 
2.  Veaioieor  the  lubercuin  geinina,  occU])ic8  a  proiium'nt  angle  at  the  uppcf 
SrtieSu*  oLn«Mf  P»i-t  "f  tl'«  ^"c-ephalon,  v,  hile  the  hemispheres  and 
the  metlulhi  oblongata  arc  situated  below  it,  aiite> 
riorly  and  postprir>rl}-.  At  first  the  relative  bIzc  of  tlie  variouA  ]«rtj 
of  tlie  eiicephalon  is  very  diJlerent  from  that  presentcil  in  the  aduil 
condition.  The  hemispheres  are  hardly  larger  than  the  tubercula  qiial- 
rigemina ;  and  the  cerebellnm  is  inferior  in  size  to  the  medulla  obloagitA, 
Soon  afterwanl,  the  relative  position  and  volume  of  the  parts  begin  to 
alter.  The  liemispheres  anrl  tuhercida  qiiadrigeraina  grow  faster  thsa 
the  posterior  portions  of  the  enceptialon ;  and  the  cerebellum  l«o«omm 
doubletl    backward  over  the  medulla   oblongata.     (Fig.  283.)     8nbse- 


Formattoii  of  the  (Jebk- 
bro-Spiral  Axis— 1. 
vesicle  of  the  hemisphere* 
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F<«TA  t  Pio,  thrws  et>ntlroctr«f  long. 
—I.  Hetnlniiherei.  3.  Tuhcrculn  qundri. 
gemlnn.  8.  Ccrehitlluin,  4.  Medulla  ot>- 
lungittai 


Hr  AD  or  FOTAL  Pi9,  Din*  ovaUmctTM 
loni;.— 1  Hetitltpherea.    3.  Cerebellum,    t.  Xf 

dullA  (iblongntM. 


qnently,  the  hemispheres  enlarge  more  rnpldly,  growing   tipward  ind 
backward,  so  as   to  cover  botli   the  optic  thalami  and    the  tuberctila 
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tqnadrigetnina  (Fig.  284);  the  cercbelhim  tending  in  tho  snroe  way  to 
grow  tiuc-kwanl,  ami  projettting  farther  in  tLis  liirei'tion  over  the  mciliillu 
oblongata.  The  subsequent  history  of  the  ilevelopiueut  of  the  enwph- 
flloii  is  inuinly  a  continuation  of  the  same  process ;  tb«  relative  dimen- 
sions of  the  parts  constantly  clianging,  »o  that  the  hfrnispbercs  IxHiouie, 
in  the  adult  vouditiuu  (Fig.  2ti5),  the  largest  division  of  the  eucephalou, 

Fig.  2R.'>. 


'^    "'^ 


BaAlir  OP  Addlt  Pio.— 1.  Heniltphere*.    3.  Uerebeaum,    4.  MedutlM  obloopntit. 

trhile  the  ccreWllum  is  next  in  size,  and  covers  the  upper  portion  of 
the  medulla  oblongata.  The  surfaces  of  the  ht'nuR|)li«'res  and  cerelK'llum, 
•wliitih  are  at  first  smooth,  become  afterward  convolute*! ;  thus  increasing 
still  farther  tlie  extent  of  their  norvoiH  matter,  hi  the  human  fa*tus 
tlie  cerebnil  convolutions  begin  to  appear  about  the  beginning  of  the 
fifth  moiuU  (Longet),  and  grow  deeper  and  more  abundant  during  thu 
retDjiiuder  of  fa-tal  life. 

The  Internl  portions  of  the  brain  growing  at  the  same  time  more 
raiiidly  than  that  on  tho  meflian  line,  they  project  on  each  side  outward 
and  upward  ;  ami  by  folding  over  against  each  other  toward  the  median 
line,  they  form  the  right  and  left  hemispheres,  separated  by  the  longi- 
tudinal Jlmure.  A  sinnlar  process  of  growth  in  the  spinal  cord  results 
in  the  formation  of  ita  two  lateral  halve!),  ami  tljc  anterior  and  posterior 
TOe<liaii  fissures  of  the  cord.  Elsewhere  the  median  rtssui-e  is  less  com 
l>lete,  as,  for  exnmple,  between  the  two  latcrnl  halves  of  the  cerebellum 
or  tho8C  of  the  medulla  oblongata  ;  but  it  exists  everywhere,  and  marks 
more  or  less  distinctly  the  division  between  tlio  two  si<ie9  of  the  nervous 
centres,  prodnceil  by  the  excessive  growth  of  tiieir  lateral  portions.  In 
this  way  the  whole  cercbro-splnal  axis  is  converted  into  a  tlouble  organ, 
equally  developed  upon  the  right  and  left  sides,  and  partially  divided 
by  longitudinal  metliuu  fissures. 

Ortjant  of  Special  &Vh»i?. — The  eyes  arc  formetl  by  a  diverticulum 
which  grows  out  on  each  side  from  the  first  cerebral  vetlcle.  This 
diverticulum  is  at  first  holIo»v.ita  cavity  communicating  with  that  of 
the  hcraisphorc.  Afterward,  the  passage  between  the  two  is  flltcl  with 
a  deposit  of  nervous  matter,  and  l>ecome8  the  optir  nerve.  The  globnlnr 
portion  of  the  diverticulum,  which  is  converted  into  tho  glo^ie  of  th« 
eye,  has  a  thin  layer  of  nervous  matter  deposited  uix)a  ita  internal  aur* 
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face,  wbicb  bt^eoineB  tlie  retina ;  the  real  of  its  cavity  being  occupied 

by  ft  gelatinous  sul'islaHCL',  tlie  vilreoua  body.  The  crystalline  lens  i» 
formed  iu  a  distinct  lullk-lp,  which  is  an  oflsboot  of  the  iateguiuenl,  ojul 
beoomes  partially  iinlwddcd  in  the  anterior  portion  of  the  eyeball.  The 
cornea  also  is  origimdly  a  part  of  tlie  integument,  and  remains  some- 
what opaque  until  a  late  period  of  develupnionl.  It  becomes  nearly 
transparent  a  short  time  belbre  liirth. 

The  iris  ia  a  muscnlar  sopLum,  formed  in  front  of  the  crystalline  kfii. 
Its  central  o|jeuing,  which  afterward  lieconies  the  pupil,  ia  at  first  closed 
by  a  vascular  membrane,  the  pupiliarij  membrane^  passing  across  the 
axis  of  the  eye.  The  bloodvessels  of  this  membrane,  which  are  doriv«!«l 
from  those  of  the  iris,  Bubseqiiently  iK'coine  Btro|ihied.  They  disappear 
first  from  its  centre,  and  rece<le  gradually  towanl  its  circumference; 
returning  ujion  Iheraselves  in  loops,  the  convexities  of  which  are  «lirecte<i 
toward  tlie  ti'ntre.  The  pupillary  membrane  itself  finally  Ijecomea  alro 
phied,  following  in  this  retrograde  proeeas  the  direction  of  its  reocliug 
bloodvettsels,  namely,  from  the  centre  outward.  It  has  completely  di»- 
appeared  by  the  end  of  the  weventh  month.  (Ciniveilhier.) 

Tlie  eyelids  are  foinied  by  folds  of  the  integument,  which  project 
from  above  and  below  at  the  situation  of  the  eyeball.  They  grow  so 
rapidly  during  the  second  and  third  months  that  their  free  mnrgins 
come  iu  contact  and  adhere  together,  bo  that  at  that  time  they  canuut 
be  separated  without  some  violence.  They  remain  adherent  from  this 
period  until  the  Hevcnth  month  f Guy),  when  their  margins  separate  and 
they  become  free  and  movable.  In  carnivorous  animals  (dogs  and  cats), 
the  eyelids  do  not  separate  from  each  other  until  eight  or  ten  days  after 
birth. 

The  internal  ear  h  fonncd  in  a  somewhat  similar  manner  with  the 
eyeball,  by  an  offshoot  from  the  third  cerebral  vesicle;  the  passage 
between  tliem  filling  up  by  a  deposit  of  white  substance,  which  l>e^*umes 
the  auditory  nerve.  The  tympanum  and  auditory  meatus  are  bplh 
oflshoots  from  the  external  integument. 

Skeleton  and  Limbu — At  a  very  early  period  of  development  lhcT« 
appears,  immediately  beneath  the  medullary  canal,  a  cjdindrical  eitnl, 
termed  the  chorda  dormiis  (page  72:j).  It  consists  of  a  tubular  sh<-atlt 
contaijiing  a  mass  cf  simple  cells,  closely  packed  together  and  united 
by  adhesive  material.  It  does  not  become  a  jicrmanent  part  of  the 
skeleton,  but  ia  a  temporary  organ  destined  to  disapjAjar  aa  development 
proceeds. 

On  each  side  of  the  chorda  dorsalis  there  is  formed  n  seriea  of  f«c- 
tangnlar  plates,  the  "primitive  vertebras,"  a  portion  of  whose  substance 
is  devoted  to  the  formation  of  muscular  tissue,  while  another  [Mirlion 
becomes  the  tiasis  for  the  permanent  vertebne.  The  latter  are  de- 
posited  in  the  form  of  cartilaginons  plates,  which  encircle  the  chorda 
dorsalis  in  a  scries  of  rings,  corresponding  in  nnmlwr  with  the  bodies 
of  tlie  future  vertebrte.  The  rings  increase  in  thickness  from  without 
inward,  encroaching  upon  tho  aubi>tanee  of  the  chorda  dorsalis,  and 
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finally  taking  its  place  altogether.  Tbu  thickeue<l  rings,  thus  solidified 
by  eartilaginuuij  tU'iJOsii,  become  the  bodies  of  the  vertebne  ;  while  their 
ti'ansvvrM'  and  nrtk-iihiting  processes,  with  tho  lamiiiic  and  spinous  pro- 
cesses, are  Ibrmed  by  uiitgrowLhs  from  the  bo<lies  in  various  directions. 

When  tlie  uiiiun  of  the  dorsal  plates  u|)on  the  luediiui  line  I'uils  to 
take  i^Iuce,  the  spinrd  eatml  remains  o|>en  at  that  situation,  and  pi-esents 
the  inuUbriusiUoti  known  as  Hpina  bifida.  This  may  consist  simply  in 
a  fissure  of  the  spinal  canal,  more  or  less  extensive,  in  which  case  it 
may  sometimes  bo  cured,  or  may  even  close  spoutJineonsly ;  or  it  may 
be  complicated  with  either  an  im|>erfect  development  or  complete  absence 
of  the  spinal  cord  at  the  same  spot,  ]>roducing  permanent  paralysis  of 
the  lower  extremities. 

The  entire  skeleton  is  at  first  carlilnginons.  The  first  points  of  ossiil- 
eation  show  themselves  about  the  Wginniny;  ii'f  the  second  month,  fdmost 
simultaneously  in  the  clavicle  and  llie  lowvr  jaw.  Then  come,  in  the 
following  order,  the  femur,  hnmevua,  and  tiljia,  the  suix^rior  maxilla,  the 
IXMlies  of  the  vertebne,  the  ribs,  the  vault  of  the  cranium,  the  scapula 
and  the  pelvis,  the  metacarpus  and  metatarsus,  and  the  phalanges  of  the 
fingers  and  toes.  The  bones  of  the  carpus  are  all  cartilaginous  at  birth, 
antl  do  not  begin  to  ossify  until  a  year  afterwanl.  According  to  Cru- 
veilhier,  the  calcaueum,  the  cuboid,  and  sometimes  the  astragalus,  bi-gin 
their  ossification  during  the  latter  perioils  of  f«etid  life,  but  tlie  remainder 
of  the  tarsus  is  cartilaginous  at  birth.  The  lower  extremity  of  the 
femur,  according  to  the  same  authority,  shows  a  point  of  ossification  at 
birtii ;  all  the  other  extremities  of  the  long  bones  Iwing  still  in  a  carti- 
laginous condition  at  this  time.  The  scaphoid  bone  of  the  tarsus  and 
the  pisiform  bone  of  the  carpus  are  the  last  to  commence  their  ossifica- 
tion, several  years  after  birth.  Nearly  all  the  bones  ossify  from  several 
distinct  points ;  the  ossification  spreading  as  the  cartilage  increases  in 
size,  and  the  various  bony  pieces,  thus  prwluced,  uniting  with  eacU 
other  At  a  later  |M?rioil,  usually  some  time  alTtcr  birth. 

The  lijnbs  ap|>ear  by  a  budding  process,  as  offshoots  of  the  external 
blastodernnc  layer.  They  are  at  first  mere  rounded  elevations,  without 
any  separation  between  the  fingers  and  toes,  or  any  distinction  between 
the  diUerent  articulations.  Subsequently  the  free  extremity  of  each 
limi)  becomes  divided  into  the  phalanges  of  the  fingers  or  toes ;  and 
afterwanl  the  articulations  of  the  wrist  and  ankle,  knee  and  elbow, 
shoidder  ami  hip,  appear  successively  from  below  U|>ward. 

The  lower  limbs  in  man  ajv  less  rapid  m  development  than  the  upper. 
Both  the  legs  and  the  jwlvis  arc  very  slightly  devdoptnl  in  the  early 
periotls  of  growth,  as  compared  with  the  spinal  c(ilnmn,  to  which  they 
are  attached.  The  inferior  extremity  of  the  spinal  column,  formed  by 
the  sacnim  and  coccyx,  projects  at  first  Ix'vond  the  fielvis,  forming  a 
tail,  which  is  curled  forwanl  toward  the  adbomen,  and  terminates  in  n 
pointed  extremity.  The  entire  lower  half  of  the  Wwly,  with  the  spinal 
colnran  an<l  appendages,  is  also  twisted,  from  left  to  right;  so  that  the 
pelvis  is  not  only  curle<l  forwartl,  but  also  faces  at  right  angles  to  the 
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direction  of  tlie  lR-n<l  aii<l  upjier  part  of  tlie  body.     Suhsequenlly  thl 
BpiiiiU  column  becomes  straigliler  and  loses  its  twisted  form.     At  the 

same  time  the  |X'lvi8  and  the  muscular  parts 
st-ated  iipoij  it  grow  so  mtich  faster  tiiau  the 
Bjuruin  !unl  iwox?  that  the  latter  lx«t*ome 
cuiicealL'd  uiitltT  the  adjoining  soil  pnrts, 
and  the  nnlimcntarv  tail  disap|)eai*s. 

The  ivU-gitment  of  the  embryo  is  at  first 
thill,  vascular,  ami  transparent.  It  afler- 
wijrd  becomes  thicker,  more  opaque,  and 
whitish  in  color.  Even  at  birth,  however, 
it  is  cuiisidtTably  more  vascular  than  in  the 
adult  condition,  ami  its  rtiddy  color,  due  to 
its  tmnsparcnc)'  and  the  abundance  of  ita 
capiHary  bloodvessels,  is  strongly  marked. 
Thi^  lirviis  bcn;in  lo  appear  alK)Ut  the  middle 
of  intiatitiTinti  life;  showing  thfmsclve« 
first  upon  tlie  eyebrows,  afterward  upon  the 
scalp,  trunk  and  extremities.  Tlio  nails  are 
in  process  of  formation  from  the  thir»l  to 
tlie  liflh  numth  ;  and^  acconling  to  Kdlliker, 
are  covered  with  a  layer  of  cpiiicmns  until  at\cr  the  latter  period.  The 
Bebaceons  matter  of  the  cutaneous  glandules  accumulates  u|K)n  the  skin 
after  the  sixth  UTontli,  and  forms  a  whitis^h,  scmi-soliil,  oleaginous  layer, 
tlie  vt'titix  roKcwHO,  whicli  is  most  abundant  in  the  flexures  of  the  joints, 
between  the  folds  of  the  integuiueut,  behind  the  ears,  and  upon  the  scalii. 


HrMAN  £Mn»yo,K huu I  one 
moDth  old.  Showloi;^  the  litri;o 
alse«  of  the  heml  nnd  uiiiht  |>«t«« 
of  the  lio<lyj  the  twiatcd  form  of 
the»|iinnJ  cxlumnv  the  ru(lliii<^nt> 
iiry  cuiidltlon  of  the  upper  itnti 
lou-er  extrcroltles  ;  and  the  ru<ll- 
tncatnry  tnil  nt  the  end  of  the 
■pioal  coluuiQ. 


CHAPTER  XY. 

DEVELOPMENT  OF  THE  ALIMENTARY  CANAL 
AND  ITa  APPENUAGEd. 


The  intestinal  canal  i«  formed,  as  already  desciiU'il  i  page  726),  from 
the  internal  Itlastodt-'nuic  layer  whicli  curves  duwiiwiird  and  invvanl  on 
each  side,  and  is  thus  converted  intu  a  fjliiidrical  tube,  t<>rniinatiu<:^  at 
eacli  extremity  in  a  cuWe-sae,  and  iiirlused  liy  the  oxtenml  l>l:iHL()dennic 
layer.  Thu  abdomiuid  walls  do  not  unite  with  euvh  oilier  u\Hm  the 
median  line  until  after  the  forjiiutioii  of  the  intestinal  canal  ;  so  that, 
during  a  certain  period,  the  abilomfn  of  the  embryo  is  widely  open  in 
front,  |tresenfiiij5  a  long  oval  excavation,  in  wliieL  the  intestinal  tube  is 
situated,  running  fr<mi  its  anterior  to  its  [losterior  extivnnty. 

Stomach  and  Intexline. — The  forinatiou  of  the  stomach  takes  place  in 
the  following  raatnier;  The  alimentary  canal,  originally  straight,  soon 
presents  two  latend  curvatures  at  the  iip[jer  part  of  the  abdomen  ;  the 
llrst  to  the  left,  the  second  to  the  right.  The  first  of  these  curvatures 
becomes  expanded  into  a  wide  sac,  projecting  lateially  from  ihe  median 
line  into  the  left,  hypochondrium,  forming  tbc  great  pouch  of  the 
stomach.  The  second  curvature,  directed  to  the  right,  marks  the 
boundary  between  the  stomach  and  the  diio<lennni ;  ami  tlie  tube  at 
that  jioint,  bccouung  constricted  and  furnished  with  an  unnsually  ttdek 
circular  layer  of  ruuf»cular  fibres,  is  converted  into  the  pylorus.  Im- 
mediately below  the  |iyloni3,  the  duodenum  turns  to  the  left;  and  these 
curvatures,  increasiiij;  in  num- 
ber  and  coni|»lexity,forra  the  con-  ^' 

volutions  of  the  small  intestine. 
The  large  inte»tine  a-saumes  a 
spiral  curvature;  ascending  ou 
the  right  side,  tiien  crossing 
over  to  the  lelt  as  the  transverse 
colon,  and  again  descending  on 
tlie  lelt,  side,  to  terminate  by  the 
sigmoid  Uexiire  in  the  rectum. 

The  curvatures  of  the  intes- 
tinal canal,  which  take  place  in 
an  antero-powtcrior,  as  well  as  in 
a  lateral  direelioii,  may  be  best 
studied  in  a  prollle  view,  as  in        F<»rmMion  of  the  al.«knt*kv  canal^ 

Fig.  287.      The  ttlxlominal    walls      «».  J*.  Commfncoment  nf  «mnlon.    C-,  c.  IntMtloe. 

are  here  Still  imix^rfectly  closed,    tr^::^\:\^JSi,'^:::  '  ^"""»«" 

(  no ) 
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section  of  the  head  nnd  iijjper  part  of  the  body.     Subsoqucnlly  tb« 
epiual  column  becomes  straigliler  and  loses  its  twisted  form.    Ai  the 

same  time  the  pelvis  and  the  mui>cultir  pnrt.« 
seatcil  iiiKMi  it  grow  so  much  fastt^r  tiiaii  the 
sncruin  and  coccyx,  thjit  the  latter  liecome 
cuncealcnl  under  the  adjoining  soft  p.irl«, 
and  the  rudimentary  tail  di8ap)>car8. 

Tlic  integuvient  of  the  embryo  is  st  first 
thill,  vascular,  and  transparent.  It  after- 
ward  becomes  thicker,  more  opaqae,  sad 
M'hitifih  in  color.  Even  at  birth,  bowcvrr, 
it  is  coiisidiTJibly  mure  vascular  than  in  liie 
adult  ci>n(litii>n,  and  its  ruddy  color,  due  to 
it!^  transparenc}'  and  the  abundance  of  its 
HirnAK  Embmto,  «bout  one     eapillarv  bh)od vessels,  is  stronfflv  markerf. 

Bioath  old.    Showing   the    Urije  i  .'  ■>  p.  .» 

■Ue  of  tht-  bend  nnd  upper  purla     Tilt:  jjjurs  hefjin  to  H]i|)ear  alxuit  tl>e  miiliUe 

of  iiitrantenne   life;    showing    themselvn 

first  npon  the  eyebrows,  afterward  npon  the 

scalp,  trunk  and  extremities.     The  naiUaic 

iti  |ni>ccs9  of  formation  fronti  the  third  to 

the  fifth  month  ;  and,  accor«ling  to  Kolliker. 

are  covered  with  a  layer  of  cpitU'ruiis  until  after  the  latter  jx-riod.    The 

sebaceous  matter  of  the  cutaneous  glandules  accumulates  upon  the  skin 

after  the  sixth  month,  and  forms  a  whitish,  semi-sulid,  oleaginous  Layer, 

tl»e  )*fr/iij-  fdntojtrt,  whit'li  is  most  ahiindjint  in  thf  fl»'xurts  of  the  jointi), 

between  the  folds  of  the  integument,  behind  the  ears,  and  upon  tbe  sc4dp. 


of  the  body  J  the  twlitcd  form  of 
theii]>innl  culuniD-,  the  rutllnieDt- 
nry  coDdltlon  of  tlii!  upper  and 
iower  cxtreinltlci;  nod  ihe  ruili- 
nentnry  tnll  <tt  ttie  end  of  The 
■pinal  column. 
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DEVELOPMENT    OF  THE    ALIMENTARY   CANAL 
AND  ITd   APFENDAGEsJ. 

The  intestinal  canal  is  fonnci),  na  nlready  <lcscrilKMl  i  page  72ft),  from 
the  internal  blnsttKlermio  laj't-r  wliicli  furvt-s  downwanl  hu<1  inward  oil 
eacli  side,  and  Lb  thutt  convertetl  into  a  cylindrical  tiilM',  tcnninnlin^  at 
each  extremity  in  a  cui-<le-sttc,  and  intrlosed  liy  ihu  external  lilaHi<Mlerniic 
layer.  The  aWominal  walls  do  not  unile  with  eaeh  other  upon  the 
median  line  until  after  the  formatiun  of  the  intestinal  eanai ;  so  that, 
during  a  certaiu  peritKl,  the  abdoinen  of  the  embryo  is  widely  open  in 
front,  presentiiij?  a  hmn?  i»vul  excavation,  in  wUi<h  the  intestinal  tube  is 
eituated,  niuning  from  its  unlerior  to  its  posterior  exlreniity. 

Stomach  and  Inlf^line. — The  formation  of  the  stomach  taken  place  in 
the  following  manner:  The  aiimenlary  canal,  originally  straight,  soon 
presents*  two  lateral  curvatures  at  tlie  npper  i)art  of  the  ulKloiucn  ;  the 
nn*t  to  the  lell,  the  second  to  the  right.  Tlie  first  of  these  curvatures 
lieoomeu  expanded  into  a  wide  sac,  projecting  laterally  from  the  mi'dian 
line  into  the  left  hypot:hondrium,  foruung  the  great  pouch  of  the 
stomach.  The  secontl  curvature,  directed  to  tin-  right,  marks  the 
boundary  between  the  stomach  ond  the  duodenum;  and  the  tube  at 
that  i)oint,  becoming  constricte<l  and  furniHhetl  with  an  unusually  thick 
circular  layer  of  muscular  fibres,  is  converted  into  the  pylorus.  Im- 
mediately lu'low  the  pvloru!?,  the  duodenum  turui  to  the  left,;  and  these 
curvatures,  increasing  in  num- 
ber and  complexity,  form  the  con- 
volutions of  the  sraall  intestine. 
The  largo  intestine  assumes  a 
spiral  curvature;  ascending  ou 
the  right  8i<le,  theu  crossing 
over  to  the  left  as  the  transverse 
colon,  and  again  desccn<Iing  on 
tlie  left  side,  to  terminate  by  the 
sigmc>i<l  flexure  in  the  rectum. 

The  curvatures  of  the  intes- 
tinal canal,  which  take  |>lace  in 
an  an  tern-posterior,  as  well  as  in 
a  lateral  dii-ection,  may  W  best 
studied  in  a  profile  view,  as  in 
Fig.  2K7.  The  alxlominal  walls 
are  here  still  imjK.'rfectly  closed, 


Fig.  287. 


a.  b.  (^ommrocfm^nt  of  ■innion.  e,  f,  lalvallo*. 
a  rhnrjnx.  t.  I'rinnry  bisrtder.  /  AiUntoli 
oreborton.    f.  L'u>bU|««l  t««tel«. 
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leaving  :i  wide  o{wiung  at  a,  6,  where  the  itit^guroeut  of  the  fcetu*  u 
cuiitinuuus  Mitli  tlic  cuni uienemneut  of  iht*  aniniotiu  luenibranc.    The 
inteslinc  makes  at  first  a  single  tingulnr  turn  forward,  and  o{j|x>sile  Uu! 
niost  proiiiiucnt  ijurtiuii  of  tills  atiglt.'  is  to  be  seen  tlie  stem  of  the  lOft- 
biliial  vesicli;  (y).     A  nLort  ilistaULu  btlow  this  point  the  iutestino  sob- 
se(|uently  enlargeii  in  cnlibru,  and  the  situation  of  this   eulargemeu* 
marks  tlie  touinieuceuKiit  of  the  colon.     The  two  portions  of  the  inU- 
tiuc,  after  this  peiio<l,  beeouje  widely  diflcrent  from  each  oUicr.    The 
U[)per  portiuii,  whk-h  is  the  Biuull   iulestiue,  grows  most  actirciv  ia 
the  direction  of  its  length,  and   tK.'come6  a  long,  narrow,  convoluted 
tube ;  while  the  lower  portion,  which  ia  the  large  intestine,  tncrcaMS 
rapidly  in  ilijiuieti-r,  but  elongates  less  than  the  former.     The  rectum  \i 
the  part  of  tlie  large  intestine  which  idters  least  its  form  ami  |>osition. 
It  elongates  comparatively  little,  retains  its  position  for  the  most  \w\ 
upon  the  uiediau  line,  and  as  its  name  indicates,  continues  to  follow  » 
nearly   straight  course;  presenting  only  a  moderate    anten>-i)o«terior 
curvature  corresi>ontling  with  the  hollow  of  the  sacrum,  and  a  aligbt 
lateral  obliquity,  from  its  npper  portion  which  is  placed  a  little  towonl 
the  left,  to  the  anus  which  is  situated  iiix)u  the  median  lints.     At  firrt 
forming  the  liliud  extremity  of  the  large  intestine,  it  subsequently  com- 
niunitates  with  Hie  exterior  by  a  perforation  wiiich   becomes  the  ana*. 
In  the  chick-embryo,  according  to  Burdach,'  the  perforation  of  the  anoi 
appears  on  the  fifth  day  of  incubation  ;  in  the  human  embryo  U  it 
forme<l  during  the  seventh   week.     In  certain   instances,  this  o{ienin^ 
fails  to  take  place,  and  the  rectum  is  still  clu9e<l  at  birth;   presenting 
the  mallbnnation  known  as  imperforate  anus,     if  the  rectum  be  otitCT^ 
wise  fully  developed,  it  may  sometimes  be  felt,  distended  "with  mcconinm, 
immediately  under  the  integument;  and  an  artificial  opening  may  he 
successfully  made  by  tin  incision  at  the  anal  region.     lu  other  CM^^I 
there  is  also  a  deficiency,  more  or  less  extensive,  of  the  rectum  itsoi^ 
the  large  intestine  terminating  in  the  upper  portion  of  the  pelvic  cavi^. 

At  the  point  of  jumtiun  I>etween  the  small  and  the  larg-e  intestine, • 
lateral  diverticulum  of  tlie  laltei'  shows  itself,  ami  increases  in  extent, 
until  the  ileum  seems  nt  last  to  be  insi>rte<l  obliquely  into  the  side  of  the 
colon.  The  ilivcrticnlian  of  the  colon  is  at  first  conical  in  shape :  bnt 
afterward  that  portion  which  forms  its  free  extremity  becomes  narrow, 
elongated,  ntid  suiiutimeu  twisted  upon  itself,  forming  the  appendix 
venuiformis  ;  while  the  remaining  |»ortion,,  which  is  continuous  with  the 
intestine,  beeoraes  exceedingly  enlargini,  and  forms  the  caput  coH. 

The  caput  coli  and  the  appendix  vermifonuis  are  at  Brst  situated  near 
the  umhilicuw ;  but  Ijt'twei-n  the  fourth  and  fifth  months  (Cruveilhief) 
their  position  is  altered,  an<l  they  beentne  fixed  in  the  right  iliac  regi<m. 
During  the  first  six  months  the  interntd  surface  of  the  smalt  intestine  l« 
smooth.  At  the  seventh  mouth,  the  valvula;  connlventes  begin  to  •(>• 
pear,  after  which  they  increase  slowly  in  size,  but  are  still  couipaxatirc^f 

'  Traitfr  de  Physiologic,  traduit  par  Jonrdaiu    Paria,  1838,  tome  iii,  |»p.  274,  i|g. 
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Fig.  288. 


undeveloped  at  the  lime  of  birth.  The  division  of  the  colon  into  saccult 
by  luMgitudiiial  and  transverse  bauds,  is  also  an  appearance  which  pre- 
sents itself  only  during  the  hist  hjilf  of  ftetal  life.  Previous  to  that 
time,  the  colon  is  smootii  and  cylindrical,  like  the  small  intestine. 

After  the  small  iiitt-stine  is  forined,  it  increases  rapt<lly  in  length.  It 
groW8,  at  this  tiint',  faster  than  the  walls  of  the  abdomen;  ao  that  it 
can  no  longer  be  fi>nt:iintil  in  the  abdominal 
cavity,  but  protrudes,  under  tlic  form  of  an 
intestinal  loop,,  or  hernia,  from  the  umbilical 
opening.  (Fig.  288.)  In  the  human  em- 
bryo, this  protrusion  of  the  intestine  can  be 
readily  seen  during  tiie  hitter  part  of  the 
second  month.  At  a  suhspfiuent  period, 
the  walls  of  the  abtlomen  grow  more  rapi<Uy 
than  the  intestine;  and,  gradually  enveloj*- 
ing  the  hernial  protrusion,  nt  last  reiDclose 
it  in  the  cavity  of  the  abdomen. 

Owing  to  imi>erfect  development  of  the 
abdominal  walls,  and  incomjilete  closure  of 
the  umbilicus,  !he  intestinal  protrusion, 
which  is  normal  during  the  early  stages  of 
foetal  life,  sometimes  remains  at  birth,  and 
thus  pi'odneea  congenital  Knihilical  hrrrria. 
As  ttie  parts  at  this  time  have  a  natural 
tendency  to  unite  with  each  other,  if  the 
heminl  ])rotriifiitm  be  rctnnjod  within  the  abdomen,  and  retained  by 
simple  pressure  for  a  sufficient  perio<l,  the  defect  is  usually  reraetlied, 
and  a  [>ennnnent  cure  etiectetl.  The  conditions  are  dillereiit  in  a  hernia 
in  the  adult,  where  it  is  due  to  pressure  from  within,  and  a  gradual 
yielding  of  the  fibrous  tissues.  As  the  natural  ptTio<l  for  the  closure 
of  the  alwlominnl  orifices  has  passed,  the  intestine  may  be  retained 
within  the  abdr»men,  in  such  cases,  by  mechanical  means,  but  usually 
escajjes  again  when  the  pressure  is  taken  off. 

The  contents  of  the  ivtestine,  which  accnmtdate  during  fa>tal  life,  vary 
in  different  parts  of  the  alimentary  canal.  In  the  small  intestine  they 
are  semifluid  in  consistency,  of  a  light  yellowish  or  grayish-white  color 
iu  the  duodenum,  yellow,  reddish-brown,  and  greenish-hrown  below.  In 
the  large  intestine  they  are  dark  greenish  and  pasty  in  consistency; 
and  the  contents  of  this  portion  of  the  alimentary  canal  have  received 
the  name  of  mernnimn,  from  their  resemblance  to  inspissated  poppy- 
juice.  The  meconium  contains  a  large  quantity  of  fat,  as  well  us  various 
insoluble  substances,  probably  the  residue  of  epithelial  and  mucous 
accumulations.  It  does  not  exhibit  any  trace  of  the  biliary  substances 
projier  (tnurocholat^s  and  glycocholates)  when  examined  by  Pelfen- 
kofer's  test;  and  cannot  therefore  be  regarded  tm  resulting  from  the 
accumulation  of  bile.  In  the  contents  of  the  small  intestine,  on  the 
contrary-,  according  to  Lehmann,  slight  traces  of  bile  may  be  found,  aa 
50 


>"«ta  I  Pio,  shnwlnif  thejiro- 
trudinc  loop  of  lnlc»tliie,ronninK 
umtitlicnl  hernin ;  from  a  ipccl- 
mcn  In  the  nuthor'a  poiMMlon. 
From  the  coDvesHy  of  Ihe  loop  » 
IbiD  fllniDPnt  )•  irca  pnitaliiK  to 
Iht  umhUicMl  vi'clolf,  whtvh,  to 
the  pig,  hut  a  Batteneil,  lenMlka 
form. 
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early  as  between  tliu  fll\h  and  sixth  moriibs.  We  have  found  distinct 
trat-es  uf  Lile  in  the  siiihII  intestine  at  birth,  but  it  is  even  tden  ta  ex- 
tremely small  quantity,  and  is  souielituus  altogether  absent. 

The  ujecoiiiuni,  IheivJuru,,  and  ihe  iutesliuid  cuutents  gencrallv,  oft 
not  composed  i)rinui|>ally,  or  even  to  any  measurable  extent,  of  the 
secretions  of  tde  liver,  Thvy  ai.i{H;ar  ratbei*  to  be  derive*!  i'nua  t\u- 
mucous  membrane  of  the  intesline.  Kven  their  3'eJlowish  and  ^rvt-ni^b 
color  does  not  depend  on  the  presence  of  bile,  since  tbe  jkullow  coUw 
fitist  »bow»  itself  about  the  uiiiklle  of  the  small  intestine,  aud  itut  nl  ib 
upper  extremity.  The  material  which  afterward  accumulutes  appc-an 
to  extend  from  this  point  upwanl  and  downward,  grudimliy  tilling  tbe 
intestine,  and  Ijeconiiug,  in  the  ileum  and  large  intestine,  darker  colorni 
and  more  past^'  as  gestation  advances. 

iL  is,  [lerbaps,  of  some  importance  in  thi^$  connecliou,  that  tbe  amni- 
otic Rn'h],  during  the  latter  half  of  fu5tal  life,  tiiids  its  way,  iu  greater  or 
less  abundance,  into  tbe  stomach,  and  through  that  into  tbe  intcjitiniJ 
canal.  Snvall  clieesy -looking  masses  are  sometimes  to  l>e  found  at  liirtii 
in  tbe  fluid  containeil  in  the  stomach,  which  ai'e  seen  ou  tnicroKCO|iic 
examination  to  be  [lurtions  of  tbe  vemi.v  easeoea  exfoliut«d  from  tin- 
skin  into  the  amniotic  cavity,  .ind  afterward  inlrfjduced  through  llit 
aj80]ihagns  into  the  stomacii.  According  t«i  Kblliker,  tbe  downy  haift 
of  the  ta-ttis,  exfoliated  from  the  skin,  are  often  swuJluwed  in  Mn-  ssmu 
way,  and  may  be  found  in  the  meconium. 

The  gnntric  juive  is  not  secreted  before  birth;  the  contt-tilM  uf  llu. 
stomach  being  generally  in  small  rjuantity,  clear,  nearly  culorle^^.  ;iii>l 
neutral  or  alkaline  in  reacti<»n. 

Livtr, — The  liver  is  developed  at  a  very  early  period.  Irs  size  m 
proportion  to  that  of  the  entire  bo<h'  is  much  greater  5n  the  early 
months  than  at  birth  or  in  the  ailidt  condition  In  the  fa?tal  pig  *« 
have  found  the  relative  size  of  the  liver  greatest  within  the  firr<t  month, 
when  it  amounts  to  nearly  12  per  cent  of  the  entire  weigJit  of  the  IjoIj. 
Afterwurd  it  grows  less  rajudly  than  other  parts,  and  its  ri'latire 
weight  diminishes  successively  to  10  }>pr  cent,  and  6  per  cent.;  being 
reduced  before  birth  to  3  or  4  per  cent.  In  man,  also,  the  weight  irf 
the  liver  at  birth  is  between  3  and  4  jter  cent,  of  that  of  the  euttfv 
body. 

The  glycogentc  ftmciion  of  tbe  liver  commences  during  fcttal  life. 
and  at  biith  the  tissue  of  the  organ  is  alaindanlly  saceh.'inne.  In  llw 
early  perioils  of  gestation,  however,  sngar  is  produced  in  tho  fretus  fmni 
other  sruiroes  than  the  liver.  In  very  y<iung  ftetnses  of  tlio  pig,  IvjUi 
the  allantoic  and  amniotic  fluids  are  saccharine  a  con.siderable  tifiK 
K'fij re  glucose  makes  its  ap|H'arance  in  the  llA-er.  Even  the  urine,  in 
half-grown  f(i»tal  pigs,  contains  an  appreciable  quantity  of  sugar,  and 
the  young  animal  is  normally,  at  this  period,  in  a  diabetic  eonditioo. 
The  glucose  disappears  before  birth,  as  shown  by  Bernard,'  fh)m  bolK 


'  LeQon&  de  Phyaiologie  Exp^rimentale.     Paria,  1855,  p.  399. 


AND    ITS    APPENDAOKS. 


779 


the  urine  and  tbc  amniotic  fluid  ;  while  tiie  liver  begins  to  prcKluce  Ihe 
Maicchanim  siibslaitee  which  it  vuiitaiiis  atler  birth. 

Lungtf^  Thoracic  Cainty,  and  Diaphragm. — 'I'he  antfiior  portion  of 
the  alimeutary  canal,  which  occupies  the  region  of  ttie  nutk,  is  Lhe 
(tsophftgus.  It  iti  straiglit,  unil,at  lirst,  very  thwrl ;  but  it  8u])soqueiitiy 
increases  in  Iviigth,  siiuultaueuusly  with  the-  growth  of  the  Deighboring 
parts.  As  the  wsophagus  lengthens,  the  lungs  bogin  to  be  dt-vclui'ed 
hy  H  protrusion  from  tJie  anterior  portion  of  Iho  a'sophngus,  represent- 
ing tilt"  criiniuenceuient  of  lhe  tniehea.  This  prutrusion  soon  divides 
into  two  fiyturueliieul  br:nieht'»,  whieh  themselves  elongate  and  become 
ivpeatedly  sulwlivided,  Coiming  the  broncliial  tulies  and  their  rauiilica- 
tions.  At  tir^t,  the  lungs  project  into  the  upper  part  of  the  alKhimiiial 
cavity;  for  there  is  stdl  no  distinetiuii  between  the  chest  and  ab<loinen. 
Aflerward,  a  horiicuutal  partition  Ix-gins  to  Ibmi  on  each  side,  at  the 
level  of  tlie  base  of  the  Ituigs,  which  gradnnlly  closes  together  to  form 
lhe  diaphragm,  ajid  which  finally  sliuts  otT  llie  cavity  of  llie  chest  from 
that  of  the  alKiomen.  Belare  the  closure  of  tiie  dinpliragm  Is  com- 
plete, an  openiug  exists  by  which  the  peritoneal  and  pleural  cavities 
I'limnitmlcnUf  with  each  other.  In  some  instances  tlie  ilevelopraent  of 
the  diapliragni  is  arrested  at  this  jKiint,  cither  on  one  side  or  tlie  other, 
and  the  opeuiiig  renmins  [>ennancnt.  The  alidominal  organn  then  par- 
tiidly  [irotriute  into  tiie  cavity  of  the  chest  on  that  side,  forming  ri>«- 
genilal  liinphrogmatic  hernia.  The  hing  on  the  atTecteti  side  usually 
remains  in  a  state  of  imperfect  develnpnunt,  Diaphmgmalic  hernia  of 
lilts  character  is  more  frequently  found  upon  the  left  side  than  upon 
the  right,  and  may  sometimes  conthiuc  until  adult  life  without  causing 
nerious  inconvenience. 

Urinartj  HhuUlf.r  and  Vrelhra. — Soon  after  the  formation  of  tbe 
Intestine  n  vascular  outgrowth  tnkcs  place  from  its  posterior  jKUtioti, 
which  grndually  protruries  from  the  oikmi  walls  of  the  abdomen,  until  it 
comes  in  contact  with  the  external  investing  membrane  of  the  egg 
(Fig.  287. /") ;  forming  sulieequently.  by  its  continued  ffrowth  and  ex- 
jmnsion,  Ihe  allantois  in  the  lower  animals,  the  chorion  in  m.m. 

The  ohnrion,  in  the  portion  immetliately  connecte«l  with  the  Iwxiy  of 
the  embryo,  has,  like  the  allantois,  the  form  of  a  hollow  cannl ;  but  as 
it  spreads  out,  to  constitnie  the  extenial  investment  of  the  rgg,  it  lakes 
the  shajie  nf  a  continuous  membrane,  forming  the  chorion  proper 
<p.  74fi).  The  tubular  cavity  of  its  connecting  portion,  the  umbilical 
conl,  subsequently  iwcomes  ol»liternted ;  the  obliteration  commencing 
at  its  outer  extremity  .ind  gratlually  pnjceeding  inward  until  it  reaches 
the  umbilii'iia.  Inside  the  umbilicus  it  still  proceeds  for  a  certain  dis- 
lance  and  tlicn  ceases.  Thus  the  original  protrusion  of  the  intestinal 
cnnal  within  the  abdomen,  which  gave  ri^e  to  the  allantois  and  the  cho- 
rion, is  divided  into  two  portions*.  The  first  portion,  or  that  Imme- 
diately connected  with  the  intestine,  remnins  hollow,  and  fonns  nfter- 
ward  the  urinary  hla<1drr.     The  si-cuud   [tortion,  bitwecii  the  iiriiiaiv 
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bladder  and  the  umbilicus,  is  consolidated  into  a  rounded  conif  wbkcd 
is  termed  tlie  tiravhus. 

Tiie  urinary  bladder  is  at  first,  accoixliugly,  a  pyriform  sac  (Fig 
887,  «),  coratnuuiciiliug  at  its  base  with  the  lower  portion  of  the  int£» 
tinal  canal,  and  coiiliniious  by  its  superior  pointed  extremity  with  th« 
guild  con!  of  thf  uraelnis,  by  means  of  which  it  is  attached  to  the  intfif- 
nal  siirraoe  of  Uie  iibdutuiiial  walls  at  the  situation  of  the  umliilitus. 
Afterward,  the  bladder  loses  this  eouical  form,  and  its  superior  fundus 
beeoines  in  the  adult  ronnderl  and  bulging. 

Devflopment  of  tftf.  Mouth  and  Face The  intestinal  canal  is  at  first 

a  cylindrical  tube,  closed  at  its  anterior  as  well  as  at  its  posterior 
extremity.  In  the  region  of  the  alxlomen,  which  in  the  earliest  {HjrioiU 
of  dt'Vflopmeut  constitutes  nearly  the  whole  length  of  tlie  l»o<ly,  ik 
blastork-rm  se]nirfttes,  as  previously  deHcribeil  (p.  7I1»).  into  two  laroiof, 
an  outer  and  an  inner.  The  outer  lamina,  consisting  of  the  external 
integument  and  the  subjacent  voluntary  musicles,  forms  the  parietcs  of 
the  abdomen.  The  inner  lamina  forms  the  mucous  membrane  of  the 
alimentary  eitnnl,  with  its  covering  of  involuntary  muscular  fibres. 
Owing  to  the  separation  of  these  two  luuiiuie,  tliere  is  formutl  the  fwri- 
toueal  cavity,  lietween  the  intestine  on  the  one  side  and  the  abdominiJ 
walls  on  the  other. 

But  in  tlu-'  anterior  part  of  the  body  of  the  embryo,  this  separation 
between  the  two  laminje  of  thf  blftsto<lerm  does  not  take  place.  Cuo' 
8e<|uentl3',  the  corresponding  purtion  of  the  aUmeuJary  canal,  namely, 
the  a'sopliagus,  remains  in  contact  with  the  surrounding  parts;  and  its 
anterior  rounded  t'xti-emity,  the  pharynx  (Fig.  2>*T,  d),  lies  immediately 
underneath  the  head,  covered  in  front  only  by  the  tissues  of  the  ext^-j-nal 
blastodermic  layer. 

At  this  time  there  are  formed,  on  the  sides  and  front  of  the  nock,  lour 
nearly  transverse  fissures,  the  cfrcical  fiaKurett^  leading  from  the  exte- 
rior into  the  cavity  of  the  pharynx.  These  Assures,  or  clefts,  are  an.\lo> 
gous  to  those  which  exist  permauently  at  the  same  situation  in  fishf^, 
where  the  gills  are  located,  and  by  which  the  water,  taken  in  at  the 
month,  is  expelled  through  the  sides  of  the  neck.  But  in  the  mamma- 
Ijau  embryo  tliey  have  only  a  temporary  existence  as  continuous  ojwrv- 
ings.  The  three  lower  Assures  disappear  entirely  by  the  subsequent 
adhesion  of  their  adjacent  eflges;  and  in  the  chick,  according  to  Foster 
and  Balfour,  are  completely  closed  by  the  seventh  day  of  incultetion. 
The  upi>er  tissure  is  converted  into  a  narrow  canal,  leading  from  the 
exterior  into  the  pharynx,  but  closed  about  its  middle  by  a  transverse 
partition.  The  outer  portion  of  this  canal  becomes  the  external  audi- 
tory meatus ;  the  inner  portion,  the  Enstaehian  tube.  The  transverM 
partition  is  the  membr.ina  tympani. 

The  cervical  fissures  in  man  are  especially  connected  with  the  form** 
tion  of  the  month  and  face.  Between  the  fissures  there  are,  of  cour«e, 
banrls  or  ridges  of  solid  tissue,  belonging  to  the  external  lamina  of  the 
blastoderm;  and  these  bands,  especially  the  upper,  increase  in  growth  to 
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■uch  an  extent  that  tliey  become  more  or  less  prominent  folcU,  and  have 
reeeiveti  Llie  name  ol' the  "  viscenU  fokls/'  Thelirst  viaceral  fold  grown 
rapiiUy  forwan.1,  uiut  Uividea  into  two  somewhat  diverging  processes  or 
otli»hoot8,  whii-h  couliuuc  to  become  more  and  more  pruuiiiicnt.  The 
oorrespondiiig  processes  from  the  right  and  left  sides  tenil  to  approach 
each  other,  uiid  to  iiiiiie  upon  the  median  line.  Those  of  the  lower  pair 
do  so  unite,  and  thus  form  the  inferior  maxilla^  Those  of  the  upjier 
pair  'vhieh  form  the  sujK-rwr  muxiUa,  unite,  not  with  each  other,  but 
with  au  intervening  process  which- grows  from  above  downward,  upon 
the  median  line,  lielwccn  them. 

By  this  growtlj  of  folils  or  processes  in  an  anterior  direetiQn,  and  by 
their  nnian,  above  and  Ix-low,  npoii  tlie  ine<Iian  line,  there  is  included 
between  them  a  depressed  space,  lined  with  a  continuation  of  the  citer- 
nal  blasUxlermic  layer,  and  situated  imme^liately  in  front  of  the  extremity 
of  the  irbarj-nx.  This  excavation  is  the  cavity  of  the  nwuth,  incloeed 
on  e;ich  sitle  l>y  the  processes  of  the  su|H-rior  and  inferior  maxilla',  widely 
open  in  front,  but  teiTninating  at  its  bottoni  by  a  blind  pit;  there  being 
as  yet  no  communication  between  it  and  the  interior. 

8ubse<piently  an  opening  is  fonued  between  the  bottom  or  back  part 
of  the  mouth  and  the  cavity  of  the  phar\iix,  by  a  perforation  through 
the  substance  of  both  blasto<lermic  lasers  at  that  point.  This  |)«rforap 
tion  takes  place  in  the  hunuin  embryo,  accor<ling  to  Uurdaeh,'  during 
the  sixth  week.  The  ojiening  thus  fonned  marks  the  situation  of  the 
fauces  ;  and  the  alimentiuy  canal  is  thus  m.nde  to  communicate  with 
the  exterior.  The  lining  membrane  of  the  month  is  consequently  de. 
rived  from  the  extenu-d  blasto<lermic  layer,  is  a  continuation  of  tbo 
extenial  integument,  and  the  muscles  sur- 
rounding it  arc  voluntary  muscles;  while  the 
mucous  membrane  of  the  pharynx  and  oeso- 
phagus is  derive<l  from  the  intenial  blasto- 
dennic  layer,  and  is  surrounded  by  involun- 
tary rauseles. 

The  completion  of  the  component  parts 
of  the  face  alK>ut  the  mouth  is  acei>Tn])lis]ied 
by  the  continuous  development  of  the  five 
bu<lH  or  pnx'csHcs,  nl>ove  descril>ed,  which 
grow  together  in  such  a  way  as  to  diminish 
the  size  of  the  originally  wide  oral  orifice, 
nnii  to  modify  its  form  in  various  directions. 
(Fig.  289.)  The  process  which  grows  di- 
rectly downwnrd  in  the  median  line  from  tlie 
frontal  region,  is  callnl  the  fnmtal  or  inter- 
maxillary process,  because  it  afterward  con- 
tninH,  in  its  lower  extremity,  the  intermnxillnrj*  bonen,  with  the  fonr 
up|ier  incisor  teeth.     The  su)>erior  maxillary  processes,  coming  from 


Fig.  289. 


HrwAH  EMniiTO.  »bout  oof 
month  oiti:  %hoxtia%  tjie  fi-owtk 
o(  tlk«  froatkl  procrM  downward, 
•  nd  Ihiit  ot  the  luporlor  ami  In- 
ferior niamin«ry  \^to(tMt*  fruni 
thi>  tide-  From  It  ■pvclmeu  la  (he 
author's  t>o**etilon. 


*  Trmit^  de  Phvsiolo^ie  ;  traduit  par  Jourdan.     Pane.  1833,  tome  iii.  p.  468. 


782 


DEVELOPMENT  OP  THE  ALIMENTARY  CANAL 


the  6i<les,  unite  with  tlie  intermaxillary  process,  to  form  the  nppcr  j»w. 
In  quadrupeds  Uie  iiiteruiaxillriry  bones,  coutainiiig  the  upper  incisor 
teeth,  reinaiu  ^iistiuot  frum  lliose  of  the  8U|H'rior  maxiliu,  the  Hue  of 
demarcation  b«tw««n  tliem  being  imlicateil  by  a  suture.  In  man,  «a  ft 
general  rule,  they  are  etxisolidated  with  each  other,  the  onl>'  permanent 
suture  Ijesug  that  on  the  meilian  line,  i)etween  tlie  right  ami  h'fl  halves 
of  the  upper  jniv.  Aceorrling  to  d'eotlVo}'  Sjiint-Ililaire,'  a  j>erniaiienl  line 
of  suture  souietimes  reinaius  hetvveen  ihe  iuteriuaxillary  and  the  suficrior 
niaxLllary  hont'S. 

The  two  inferior  mnxiUarv  procesfies  uuile  with  ench  otlier,  makinp 
the  lower  border  of  the  eavity  of  the  mouth,  and  form,  b^*  their  union 
upon   the  median  line,  the  inferior  maxilla.     In  qua(iru])ed8  the  two 

inferior    maxillary   bones   remain    jx^rma- 
Fijt.  290.  neutly  divided  by  a  median  suture;  but  in 

uian  they  are  consolidated  into  a  «<ing;le 
piece  tlnring  the  first  year  after  birlb. 

As    the   tnlermaxillary   ])rocc9s   grows 
from  above  downward,  it  becomes  double 
at   its  bnver  extieiuity,  and  at  the  same 
time  givea  ori»jin  to  two  lateral  ofTsboot^ 
wldnh  curl  round  and  inclose  two  circular 
fiiilices,  the  anterior  nares  (Fig.  290);  the 
offj^hoots    themselves    becoming   the   al« 
nasi.     The  external  bonier  of  the  ala  n.asi 
Bubaeqnently  adheres  to  the  superior  tnaxiU 
lary  process,  leavin*?  only  a  curved  creaae 
or  furrow  at  the  side  of  the  nose,  which 
marks  the  line  of  union  between  them.     In  manj'  of  the  quadrujieds, 
tliis  furrow  remains  partially  o^K'n,  extending,  as  a  curvilinear  cleft,  out- 
ward and  upwanl  from  the  oritlce  of  tiie  nostril. 

The  moulh  at  this  time  is  wide  and  gap- 
FiP-  201.  ing,  owing  to  the  incomplete  development 

of  the  nppcr  and  lower  jaw  and  the  com- 
p.'u-ative  insuflleiency  of  the  |ii>9  and 
cheeks.  The  soft  parts  afterwnitl  incren«! 
in  growth,  anil  thus  gradually  diminish 
the  size  of  tlie  oral  orifice  (Fig.  291 ).  The 
lips  and  cheeks  arise  by  folds  of  the  in- 
tegument and  subjacent  muscular  layers, 
whicli,  projecting  respi-ctively  from  alcove 
downward,  from  below  upward,  and  from 
behind  forwnnl,  form  the  permanent  bor- 
ilers  of  the  opening  of  the  mouth.  Th« 
n])}>i'r  lip  in  man  presents  a  median  furrow, 
bordered  by  two  slightly  elevated  ritlg« 


HkaD  i>i>  U  i  m  a  .\  Kmiiuiu 
»t  nbout  tlie  ilxth  week.  Vrom  a 
■peolmen  tn  tbeituthor'a  |>oiie«siun. 


U  ..  A  II    lif      II  l'  H  A  N     Kmiiuyo, 

Aliout  Ihe  end  nf  the  seeon<l  wonlti. 
—  From  %  B|:^ecllnen  lathe  •utjior'a 
|iOi»«iilun. 


'  Hieloire  dei  Anomalies  de  rOrpanization.     Paris.  1832,  tome  L  p.  5ei. 
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corres|X)iiding  with  the  iiuiun  of  the  superior  maxillary  Riid  the  inter- 
luaxillary  procusses.  Tlie  lower  lip,  liite  ihe  inlerior  muxillu,  is  com- 
pletely corisolidfited  upon  tbe  mudiaii  line,  and  usually  shows  no  trace 
of  its  <loulvle  origin. 

In  some  instances,  the  supei'ior  muxillnry  uml  the  intenn.ixillary 
'processes  fail  to  iinile  with  each  other,  gi\  ing  rise  to  the  nialfurniation 
known  as  harti-Up.  The  Assure,  in  cases  of  liaro-lip,  is  eonHe<iuently 
situated,  as  a  geneial  rule,  not  in  the  nuMlian  line,  tint  a  little  tr>  one 
Bi<le  of  it,  correspuniling  with  the  outer  edge  of  lire  iiiterniaxillary  pro- 
cess. Sometimes  the  same  delieicney  exists  on  ImjIIi  Mcles,  forming 
**<louble  hare-lip;"  in  which  case,  if  the  (issnre  extend  tliroiiph  the  hony 
struetiires,  the  central  jtiece  of  tlie  wujierior  maxilla,  detacheil  from  the 
remaiiidei',  contains  the  upper  inctaor  teeth,  ami  correspomls  with  the 
intermaxillary  bone  of  the  lower  animals.  In  one  instance,  observed 
by  Wyman,'  the  fissure  of  bare-lip  was  Bituated  in  the  median  line,  the 
two  intennaxiliary  bones  not  having  nnite<l  with  each  other. 

The  eyes  at  an  early  period  are  upon  the  siden  of  the  head  (Fig.  2S9). 
j\s  development  proceeds,  they  come  to  be  situated  farther  forward 
(Fig.  2'.K)),  their  axes  being  divergent  and  directed  obli<iiiely  forward 
and  outward.  At  a  still  later  pcriotl  they  are  placed  on  the  anterior 
|»lane  of  the  face  (Fig.  291),  and  have  their  axes  nearly  parallel  and 
looking  <lirectly  forward.  This  ch.ingc  in  situation  is  olfecteil  by  the 
more  rapid  growth  of  the  i>osterior  anil  lateral  portions  of  the  bead, 
which  enlarge  in  such  a  manner  as  to  alter  the  relative  [josition  of  the 
parts  seatetl  in  front. 

The  palate  is  formed  by  a  septum  lK*tween  the  mouth  and  narcs, 
which  arises  on  each  side  as  a  horizontal  otr>lioot  fron»  the  superior 
niHxilla.  The  two  plates  afterward  unite  U|ton  the  median  line,  forming 
a  complete  jiartitton  l»etween  the  oral  and  nas.-d  cavities.  The  right 
»m\  lell  nasal  passages  are  separated  from  each  other  by  a  vertical 
plate  (vomer),  which  grows  from  above  downward  and  fuses  with  the 
]ialatal  pbites  belnw.  Fi^Mitre  of  the  patatfi  '\^  caused  by  a  deficiency 
of  one  of  the  horiznutal  maxillary  plates.  It  is  accordingly'  situateii  « 
little  on  one  side  of  the  median  line,  and  is  frequently  associated  with 
hare-lip  and  Assure  of  the  u]>|»er  jaw.  The  fissures  of  the  palate  and  of 
the  jaw  are  often  continuous  with  each  other. 

The  anterior  ami  p<j9terior  arches  of  the  i)alate  are  incomplete  tran»- 
verse  partitions  which  grow  inwarfl  from  the  sides  of  the  fauces,  subse- 
quently to  the  iMirforation  of  the  |>harynx  and  Its  communiOHtion  with 
the  oral  cavity.  Owing  to  the  muscular  tissue  which  they  contain,  the 
orifice  of  the  alimentary  canal  thus  Iwcomes  capable  of  constriction  or 
enlargement,  accortling  to  its  condition  of  functional  aetivity. 

'  Transact ton^of  the  Boetoo  Society  for  Medical  Improvement,  March  9th,  1863. 
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The  first  trnce  of  a  urinary  ap|.>aratus  in  tii'^  embryo  consists  of  two 
lon^,  fusiform  organs,  wliifli  make  their  apix.'akiinee  in  the  alxiomcu  al 
n  very  early  |>erio(.l,  one  nii  eacli  siiie  tlic  spiuul  column,  uiul  wliieh  are 
known  by  the  nunie  of  tlie  iVoljffiaii  bodftts.     Tiiey  are  Tiilly  forinc<i,  in 
tlie  litiinan  subject,  toward  the  end  of  the  first  month  (Coste),  at  wliich 
time  tliey  are  the  largest  oigaiis  iu  the  aUloraeu,  extentUug  from  jast 
Wlow  Hie  heart,  nearly  to  the  posterior  extremity  of  the  bwly.     In  tlie 
fu'tal  pig,  when  thirteen  or  fourteen  millimetres  iu  length,  the  Wolffian 
bodies  are   roiuuled   and  ki<lncy-t*ha|M?il,  and  nns 
ciipy  a  large  part  of  the  alxlominal  cavity.    Their 
comljjned  weight  is  at  this  time  a  little  over  3  jn-r 
cent,  of  that  of  the  entire   bo<ly  ;    a    proponion 
which  la  seven  or  eight  times  as  large  as  that  of 
the  kidneys  in  the  adult  conditiun.      Therv  are, 
indeed,  at   tliis  period  only  three  organs  of  no- 
ticeable size  in  the  abdomen,  namely,  the  liver, 
which  has  Ix'gun  to  be  fonnc<l  at  the  upper  pari 
of  the  ahdominal  cavity;  the  intestine,  which  is 

KOtTAL    Pi  0,13    milU-  ,  ,  1      ^  '        1     .      1  . 

■Detr«i  lonp;  from  »  ipe-     fllicady    somcwhat   convobiU'd,    and    ocrupirs  a 
eimen  in  the  author'*  poe-    contral  position;  and  the  Wolffian   bo<li«^*,  which 

■eiiion. — I.  HeHrr.    3.  Aa-  .      ^  i      •  i      .1  ■      •         • 

t<-rior  limh.   B.  poiteri(.r     prf'ject  on  each  Side  the  spinal  colnmn 

limb.    4.  Woifflnn   boiiy.         The  Wolfiifin  bodies,  in  ihpir  intimate  strtictnr*. 

The  Abdoiainnl  WH)lBhn\-e         ,         ,  111  t    i      1  -i  .... 

been  out  nwoj,  In  order     closely  resemble  tJic  adult  kidney.      '|  hey  consist 
♦o  show  the  pe>*uioD  of    of  Secreting  tniuiles,  lined  with  enithelinm   rtio- 

the  Wolin»ii  boilfe*  .         .  .      ,-  ,      -  . 

nuig  transversely  from  the  inner  to  the  outer  r«lgra 
of  the  orgaus,  an<l  terminating  at  their  extremities  by  roiinde<l  dil.it.v 
tiong.  Into  each  of  these  dilated  extremities  is  reoeive«l  a  g-lobular  eoU 
of  capillary  bloodvessels,  or  glomeruluK^  similar  to  those  of  the  kidney. 
The  tnbulea  of  the  Wolffian  body  empty  into  a  common  excretory  dnct, 
■which  leaves  the  organ  at  its  lower  extremity,  and  comtnunicat<*s  with 
the  intestinal  canal,  at  the  point  where  the  diverticulum  of  the  allantuis 
is  given  off,  and  where  the  urinary  bladder  is  afterwarrl  to  be  sittiAted. 
The  principal  distinction  in  stnietiire,  between  the  WolfflAn  bodies  and 
the  kidneys,  consists  in  the  size  of  the  tnbnles  and  of  their  glomendi; 
these  elements  being  considerable  larger  in  the  Wcdffian  ho^ly  than  in 
the  kidney.      In  the   fuetal  [)ig,  when  3^  or  4  centimetres   in  length. 
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at  which  time  botli  organs  coexist,  the  dinineter  of  the  tubules  of  the 
WiiltUaii  hotly  ia  0.125  uiilli metre,  while  in  the  kiduey  of  the  muiuu  futvus, 
the  iIliiUiettT  of  thf  tiiljulus  is  only  O.uai  milliiui'tn!.  The  glumeruli  in 
the  Wollhaii  bodiuH  meusuru  U.55  millimetre  in  diiimetcr,  while  those  of 
the  k'tiney  lueasure  only  0.14  luillituetre.  The  Woltlitin  l>odie8  are  there- 
fore uiiaary  orgmis,  no  fur  us  regards  their  imutomical  strucluie,  and 
are  sometimes  known  by  the  name  of  the  "  fals*.-  kidneys."  There  U 
little  doiihl  Ihnt  they  perfomi,  at  this  early  ]>eriy(t,  a  iuiictinn  analogous 
to  th.it  of  the  kiiln.eys,  and  separate  from  the  Mood  of  »lie  einl>ryo  na 
exereinentitious  tluiil  which  is  disohargeil  Into  tUe  cavity  of  the  alltuitoiii 

Subseqiieiitly,  the  Woltlian  bodies  incn'ase  fur  a  time  in  size,  though 
not  so  r,'t|>idly  as  the  otlier  organs.  Their  relative  inngnttiide  con- 
Hequently  dimiuishes.  Still  later,  tliey  suffer  an  absolute  atrophy,  and 
Ijecomu  gruUunily  less  perceptible.  In  the  liuraan  enibiyo,  ihey  are 
iianlly  to  be  detectetl  after  the  end  of  the  second  month  (I^onget),  and 
in  the  quadiUiM'ds  they  completely  ilisappenr  long  Ix-fore  birtli. 

The  kidneys  are  formed  just  liehind  tlie  W(»lllhin  boilies,  and  are  at 
first  entirely  concealed  by  them  in  a  front  view,  the  kiilneys  being  at 
this  time  not  more  than  one-fourtU  or  one-fifth  part  the  size  of  the 
\V<»lIlian  bo<lies.  (Fig.  293.)  The  kidneys 
Miibseipiently  enlarging,  while  the  Wolffian 
bodies  diiniiiiah,  the  proportion  lietween  the 
two  organs  is  reversed  ;  and  the  Wolffian 
Itodies  ai'pear  as  small  rounded  masses,  sit- 
iuite<l  on  the  anterior  surfare  of  the  kidneys. 
(Figs.  294  an«l  295).  The  kidneys,  during 
this  perifxl,  grow  more  rapidly  in  nn  upward 
than  in  a  downwanl  direction,  so  that  the 
Wolffian  IxMlies  come  to  be  situated  near 
their  inferior  extremity. 

The  kidneys,  during  the  ancceeding  pc- 
rio<^ls  of  fretal  life,  l>ecome  in  turn  very  largely 
developed  in  proportinn  to  the  rest  of  the 
internal  organs;  attaining  a  size,  in  the  fcctaJ 
jtig,  equal  to  more  than  two  \}er  cent,  in  weight  of  ihe  entire  1)ody, 
This  proportion  aaain  diminishes  liefore  birth,  owing  to  the  inereased 
tevelutnnent  of  other  parts.  In  the  hnm.in  fretus  at  birth,  the  weight 
of  the  two  kidneys,  taken  together,  is  6  parts  per  thousand  of  that  of 
the  entire  body. 

Internal  Orrjanit  of  Grnfrntinn. —  .\bnut  the  same  time  that  llie  kid- 
neys  are  fonne<l  behind  the  Wolffian  hodies,  two  oval-sliaped  i»rgan8 
make  their  appearance  in  front,  on  the  inner  side  of  the  W*oUBau  bodies 
and  between  them  and  the  spinal  column.  These  bodies  are  the  inter- 
nal organs  of 'generation ;  namely,  the  testicles  In  the  male,  ami  the 
I' varies  in  the  female.  Ai  first  they  occupv  the  same  situation  and 
))re9ent  the  same  appearance,  whether  the  fa'tus  is  afterwartl  to  be 
male  or  female.  (Fig.  294.) 


tooK.  Krom  »  ■peclmea  to  Ihe 
•urhor'i  poMmaion.  —  I.  Wulf- 
llivo  bo«lf.    S.  KlUary. 
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Okkkratiok,  in  a  ftptnl  pig 
T'^i  centlmetrfB  lonif.  From  ii 
■prelmcn  In  tlio  niithor's  poi- 
■esdon.  —1,  1.  Kt<lneyi.  3,  2. 
Wolfflnn  boil  let.  :f,i  Inlornnl 
orffKna  o(  Kpnemtinn ;  teallclcs 
or  ovnrli-*,  4  I'rtnttry  bUilder 
turned  over  la  front,  b.  lotea- 
tine. 


A  short  distance  above  the  internal  organs  of  generation  there  coa> 
mences,  on  each  side,  a  narrow  tube  which  i*un>*  from  above  downw;tril 

nlong  the  anterior  bonier  of  tlie  Wolffian  Inniy. 
iiumetbately    in  front  of,  and  parallel  «iU) 
the  fxcrL'turj'  duct  of  this  organ.     The  two 
tuliuH  then  n|iprouch  each  other  l)tlow  ;  liwl, 
ji lining  iiijon  the  ujeiliau  line, euaptv.  together 
with   the  ducts  of  the  WollHan  boilie*,  into 
the  base  of  the  allantoic,  or  what  irill  after- 
ward  be  the  urinary  bladder.      These  loin* 
werve  aa  ihe  excretory  ducts  of  the  internal 
organs  of  generation  ;  and  -will  afterward  l«» 
come   the  vaga  dfjerentia   in  the  male,  ami 
the  Fallojnan  tul/eu  In  the  r«.'niale.     AcconJ- 
iiig  to  Coste,  the  vasa  defereutra  at  an  early 
period  are  disconnected  with   the  tes.tieU!*: 
and  originate,  like  the  Fallopian  tubea,  by 
free   extremities,  presenting   eacli     an   open 
orifice.     Afterwanl   the  \asa  defcrentia  be- 
come iidlierent  to  the  testicles,  and  establisk 
a  communication  with  the  tiibnli  serainiferi.     In  the  female,  the  Fallo- 
pian tubes  remain  jiormunently  disconnected  with  the  ovaries,  except  by 
the  edfje  of  the  fimhrijited  extremity;  which  in  nmny  of  the  lower aol- 
mala  becomes  closely  adherent  to  the  ovary,  and  envelopd  it  more  or 
less  completely  in  a  distinct  sac. 

Malf  Orijanif  of  Generation  {  Descent  of  the  Tegticles. — In  the  male 
fa?tii3  there  now  commences  a  change  of  place  in  the  internal  onpui* 
of  generation,  wliich  is  known  as  the  *'  descent  of  the  testicles."  In 
consequence  of  this  change,  the  testicles,  which  are  at  firat  placed 
near  the  niifblle  of  the  alKiomeii  and  in  front  of  the  kidneys,  come  »l 
Inst  to  l>e  sitimteil  in  the  scrotum,  outside  an<l  below  the  abdominal 
cavity.  They  also  Ix'comc  inclosed  in  a  distinct  serous  sac,  the  tunica 
vaginalis  testis.  Tliis  apparent  movement  of  the  testiclea  is  aocoiiK 
plishoil  in  the  same  manner  as  that  of  the  Wolffian  botlies,  namely,  by 
a  dispioiiortionfite  growth  of  the  miiUUc  and  upiier  portions  of  llie 
abdomen  aiul  of  tiie  tissues  above  the  testicles,  so  that  the  r«latire 
position  of  the  orgjuis  becomes  altered. 

IJy  the  upward  enlnrgeinent  of  the  kidneys,  both  the  "Wolffian  bodiei 
and  the  testicles  are  soon  fmind  to  occupy  an  inferior  position.  (Fig. 
2950  -At  the  same  lime,  a  slender  rounded  conl  (not  represented  in  the 
figure)  passes  from  the  lower  extremil}'  of  each  teatide  in  an  ontwaiii 
and  (biwnsvard  direction,  crossing  the  vas  deferens  a  short  distance  aborv 
its  union  with  its  fallow  of  tlie  opposite  side.  Below  this  point,  the  cori 
spoken  of  eoutiiines  to  run  obliquely  outward  and  downward;  and, 
passing  tlirougli  the  abdominal  walls  at  the  situation  of  the  ingul 
canal,  is  inserted  into  the  subcutaneous  tissue  near  the  symphysis  pal 
The  lower  part  of  this  cord  becomes  the  gubernaculum  testie.     It  coo- 
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TiON  111  a  fcetAlplf  neiirif  to  riM)Tini<-tre« 
lung:.  ProDi  ft  aiireiinpn  in  the  nulhor't 
po»»<'»»lon.— J.  1.  Kidney*.  J.2  WullBKn 
bodie*.  a,  3.  Tcitlolct.  i.  Urlonrf  bUd> 
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taiiiB  muscular  fibres,  which  uiay  be  e« 
(luring  tlie  ktter  half  of  iittra-uteiiite 
liAi.  At  the  |turiotl  of  birth,  liowever, 
or  eoon  aflerwiud,  they  Uuvc  usually 
dLsappcare4). 

That  [JortioH  of  the  excretory  tul)e 
of  the  tesltde  whieli  U  Hituated  out- 
side the  crossing  of  the  giihernacnluni, 
is  destined  to  become  afterward  coii' 
voluted,  and  converted  into  the  epi- 
ditfymiii.  Tlnit  wljich  in  situated 
inside  the  Kame  point  remains  com- 
paratively straight,  Imt  tHJComes  con- 
siderably elongated,  and  ia  finally 
known  as  the  van  deferenn. 

As  the  testicles  descend  still  far- 
ther ill  the  alKlomcn,  they  continue  to 
grow,  while  the  WolRhin  bodies,  on 
the  contrary,  become  smaller  ;  and  at 
last,  when  the  testicles  have  arrived  at  the  internal  inguinal  ring,  the 
Wtilflhm  V»odi(>s  have  altogether  disappeared,  or  have  ln'coine  so  altered 
that  they  are  no  longer  recngiiizable.  In  the  hnmnn  fcrtns,  the  testicles 
reach  the  internal  inguinal  ring  about  the  termination  of  the  sixth 
month  (Wilson). 

Ihiring  the  Hucceeding  month,  a  protrusion  of  the  peritoneum  takes 
place  through  the  inguinal  canal,  in  advance  of  the  testicle;  the  last- 
named  organ  still  continuing  its  descent.  As  it  passes  into  the  scrotum, 
loops  of  muscular  fibres  are  given  off  from  the  lower  border  of  the  in- 
ternal obliiiuG  muscle  of  the  alHlomen,  extetiding  downward  with  the 
testicle,  upon  it  ami  uiwn  the  elongating  spennatic  cord.  These  eon- 
stitdtu  afterward  the  cremaster  muscle. 

At  lust,  the  testicles  descend  qtnte  to  the  bottom  of  the  scrotum. 
The  convoluted  [>ortion  of  the  efferent  <bict,  namely,  the  epididymis, 
remains  attached  to  the  body  of  the  testicle ;  while  the  Vas  deferens 
passes  upward,  in  a  reverse  direction,  enters  the  abdomen  tlirough  the 
inguinal  canal,  again  Iwnds  downwanl,  and  joins  its  fellow  of  the  o|)|k> 
site  aide;  after  which  they  both  0|>en  into  the  prostatic  ]>orLion  of  the 
urethra  by  distinct  orifices,  situated  on  either  side  of  the  nieilian  line. 
At  the  same  time,  two  diverticula  arise  fi'om  tiie  me^lian  portion  of  the 
Tiisa  defen-ntia,  and,  elongating  in  a  liackwani  direction,  beneath  the 
base  <»f  the  bladder,  become  develoi>ed  into  saceuhilod  reservoirs,  the 
vexicu lee  HfmtnalfH. 

The  left  testicle  is  a  littler  later  in  its  descent  than  the  right;  but  it 
nfterwanl  passes  farther  into  the  scrotum,  and,  in  the  ailult  condition, 
nsnally  hangs  a  little  lower  than  the  corresponding  organ  on  the  oppo> 
site  8i<le. 

After  the  testicle  has  passed  into  the  scrotum,  the  serous  pouch. 


788      DEVELOPMENT    OF    THE    WOLFFIAN    BODIES,    ETC 


Fijr.  ■-"••»'.. 


Kormntion  «f  the  Trwif  a 
V  AM  I  Si  A  I,  I  8  Tk«ti8  —  1. 
TeiiUcl*  ncurly  (H  Ihi*  bottom 
of  the  tororum.     2   Cavify   of 


wliiob  preceded  its  descent,  remains  for  a  time  ia  oommumcatton  viUi 
the  iieiituiieul  lavity.     In  miiny  of  the  qiia<liMi|M?d8,  as,  forvs 
rubliit,  llii-s  condition  in  iiernijuieut ;  and  the  testicle  may  lie  :i 

drawn  duwiiward  into  the  scrotum^  or  retracted 
into  the  abdomi.ii,  by  the  action  of  the  guhtr- 
iiaculiim  t«nd  the  c remaster  luusc^le.  In  tLe 
iiiijuttn  foetus,  the  two  opposile  surfares  of  ibe 
peiiiunval  pouch  approuch  eacli  other  at  the 
inguinnl  cunal,  furiuing  at  that  point  a  cnn- 
striction,  wliieh  partly  shuts  oil"  the  testicU 
IVoni  the  cavity  of  the  alMlumen.  liy  a  cvia- 
tinuntion  ot  this  process,  the  serous  sarfaon 
conne  in  contact,  and,  adliering^  togi'Ui«'r  «t 
this  sitnation  (Fig.  290,4),  f«»rai  a  kind  of 
cicatrix,  by  whii-ii  the  cavity  of  the  tunica  *»- 
giiifllis  (2)  is  shut  utf  from  the  geueral  caTitjf 
of  llie  |>erilonoi]m(  3).  The  tuuicit  %'ngiiialt> 
testis  is,  thei'efore,  originally  a  part  of  tiM 
tunicfi  vnpinsiii.   jL  «>vit)r  of    iK-ritonenin,  from   which    it    is    sulisi-qnentlr 

pcrltooruni.       4.     ULiUli'mtitJ      '  .     .  l  ii        '  «•      -  ■ 

aeck  of  prrnoneiii  inc.  Separated   by  the   adhesion    ol     its    o[>posile 

walla. 

The  neparntion  of  the  tnnicji  vaginalis  testis  from  the  p«rilonciini  in 

usually  f'Dmph'tcd  in  the  human  fcutns  before  birth.     Uut  sometimes  it 

fails  to  lake  place  at  the  usiial  lime,  and  the  inlet^tine  is  then   liable  to 

protrude  into  the  scrotinn,  in  front  of  the  8|>ermatic   corcl^  giving  ri'^ 

to  vongenital  viijnirtal  hernia,  <  Fip.  297.) 
Tiie  parts  implicated  in  this  iniihormatiuD 
liave  still,  as  in  tiie  case  of  congenital  umbili- 
cal horiiia,  a  tendency  to  unite  with  each  other 
riiid  obliterate  the  opening;  and  if  the  intes- 
tine Ik?  retained  by  pressure  in  the  envily  "f 
the  alHlomon,  cicntrizatiim  ustmlly  takes  place 
ut  the  inguinal  canal,  and  a  cure  is  cflectnl. 

Femait'  Organs  of  Oi'tieratinn. —  At  an  earij 
pt.Tio<l  of  develo[>ment,  the  ovaries  have  the 
same  external  apiiearance,  and  occnpy  the 
same  position  in  the  abdomen,  as  the  testicles 
in  the  opposite  sex.  The  desci-nt  of  the  ovaries 
also  takes  place,  to  a  great  extent,  in  the  saine 
manner  with  tiie  correspon<]ing  change  of 
When,  in  the  early  part  of  tliis  desceut,  ibey 
have  readied  the  level  of  the  lower  edge  of  the  klilnoys,  acortl,  ann1og(»u« 
to  the  gnbernacultun,  mi\y  be  seen  [H'oeeeding  fr(»m  liieir  lower  exlremilT, 
oroHsing  the  efferent  duet  on  each  side,  and  passing  downward^  to  b* 
attached  to  the  snlicntanoous  tissues  nt  the  situation  of  ttie  ingntaal 
ring.  That  part  of  the  duct  situated  outside  the  crossing  of  this  ronl, 
becotnes  convoluted,  and  is  converted  into  the  Fallopian  tube  ;  while 


Hkrkia.^I  Teiticle    V,2,2. 
InteftUne. 


position  of  the  testicles. 
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tlini  whicb  is  inside  the  same  point,  is  developed  into  the  uUsruit.  The 
upper  portion  of  the  cord  itself  i>evomea  the  ligament  0/  tfie  ooary ;  Its 
lower  portion,  the  round  ligarnent  of  the  lUtfvug. 

As  the  ovarios  continue  titeir  descent,  thej  pass  below  and  behind  the 
^Fallopian  ttilK's,  whith  peiiorm  at  thv  same  time  a  movement  of  rota- 
lion,  from  Ix'foie  backward  and  from  al>ove  downward ;  Win  whole, 
Ltogether  with  the  ligaments  of  the  ovaries  and  the  round  li>>;ament8, 
■beinij  envelojKMl  in  double  folds  of  peritoneum,  which  enlarge  witii  the 
growth  of  the  purls  iiicluiled  between  thcra,  and  conbtitute  finally  the 
broiul  Ufjamnnfif  of  the  uteruts. 

While  these  changes  are  taking  place  in  the  adjacent  organs,  the  two 
lateral  halves  of  the  tilerus  fuse  with  each  other  uj>on  ll»e  nn-dian  line, 
and  I K-t'oim*  covered  wilh  an  ainindaiit  laVer  of  rauj^cular  libres.  In  the 
quadrui)ed!i,  the  uterus  remainai  divided  at  its  np|>or  portion,  running 
out  into  two  long  conical  tuljes  or  cornua  (Fig.  228),  presenting  the 
form  known  as  the  ui^rnn  bicoriiitt.  lu  the  human  species,  the  fusion 
of  the  two  lati-rul  halves  uf  tiie  organ  is  nearly  complete;  so  that  the 
uterus  picseiits  externally  a  somewhat  rounded,  llattened  and  triangular 
figure  (Fig.  220),  with  the  ligaments  of  the  ovary  and  the  roun«l  liga- 
ments passing  oil'  from  its  »u|>erior  angles.  Internally,  the  cavity  of 
the  organ  Klill  |)rcsent8  a  strongly  marked  triangular  form,  the  vestige 
of  its  original  division. 

Occasionally  the  human  ut'Crus  in  the  adult  condition  remains  divided 
hy  a  vertical  septum,  running  from  the  middle  of  its  fiin<l«9  ilowtiuanl 
towani  the  os  internum.  TUc  org.in  may  even  present  a  partial  external 
division,  correspontling  with  the  situation  of  the  internal  septum,  and 
producing  the  malformation  known  as  "  uterus  bicornis,"  or  double 
tJterns. 

The  OS  intornnni  and  tlie  03  externum  are  pi'odticc«l  by  partial  constric- 
tions of  the  original  generative  passage  ;  and  the  anatomical  distinctions 
between  the  body  f)f  the  uterus,  the  cervix,  and  the  vagina,  arise  from 
the  dillercnt  mo<le8  of  development  of  the  mucous  membrane  and  mus- 
cular tunic  ill  its  corresponding  portions.  Hnring  fotnl  life,  the  neck 
of  the  uterus  grows  faster  th.-in  its  binly;  so  that,  at  the  periixl  «)f  birth, 
the  organ  is  far  from  presenting  the  form  which  it  exhibits  in  the  adult 
condition.  In  the  human  fcetus  at  term,  the  cervix  uteri  constitutes 
nearly  two-tl;ird8  of  the  entire  length  of  the  organ;  while  the  Inxly 
forms  but  little  o«er  one-tliird.  The  cervix,  at  this  time,  Is  larger  in 
diameter  than  the  l>udy;  so  that  the  whole  organ  presents  a  tapering 
form  from  below  upward.  The  arbor  vita?  uterina  of  the  cervix  is  at 
birth  Very  folly  developed,  and  the  mucous  membrane  of  the  body  is 
also  thrown  into  three  or  fiMir  f<dd8  whieh  radiate  upward  from  the  os 
internum.  The  cavity  of  the  cervix  is  filled  with  tmusparent  scmi^solid 
mucus. 

The  position  of  the  uterus  at  birth  is  different  from  llmt  which  it 
assumes  in  adult  life;  nearly  the  entire  length  of  the  organ  Ix-ing  above 
the  level   of  the  symphysis  pubis,  and  its  inferior  extremit}'  passing 
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below  that  point  only  by  about  bix  milUmetres.  It  10  also  aligliUy  ante- 
flexed  at  the  Junction  of  tJie  Iwdy  and  cervix.  After  birth,  the  nternt, 
togetlier  with  its  appendages,  continues  to  descend ;  and  at  the  period 
of  puberty  its  fundus  is  situated  Just  below  the  level  of  the  sympbyat 
pubis. 

The  ovaries  at  birth  are  narrow  and  elongated  in  form.  They  oontun 
at  this  time  an  abundance  of  eggs ;  each  inclosed  in  a  Graafian  follicle, 
and  averaging  .04  millimetre  in  diameter.  The  vitellus  is  imperfiectly 
formed  in  most  of  them,  and  in  some  Is  hardly  to  be  distinguished.  The 
Graafian  follicle  at  this  period  envelops  each  ^g  closely,  there  being  as 
fluid  between  its  internal  surface  and  the  exterior  of  the  egg,  but  only 
the  thin  layer  of  cells  forming  the  ^  membrana  granulosa.*'  In«de  tlni 
layer  is  to  be  seen  the  germinative  vesicle,  with  the  germinative  spot, 
surrounded  by  a  faintly  granular  vitellus,  more  or  less  abnndant  in  di^ 
ferent  parts.  Some  of  the  Graafian  follicles  containing  eggs  are  as  laige 
as  .05  millimetre;  others  as  small  as  .02  millimetre.  In  the  very 
smallest,  the  cells  of  the  membrana  granulosa  appear  to  fill  entiidy  tbi 
cavity  of  the  follicle,  concealing  the  rudiments  of  the  primitive  eg^ 
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There  are  three  distinct  formis  assuineU  hv  the  circulatory  system 
during  iilifferfnt  ptTifKls  of  life.  These  dirterenl  loims  of  the  circulation 
are  coriiifcltHl  with  the  manner  in  which  nutrilion  ami  the  renovation  of 
the  bloiKl  are  accomplished  at  dilferent  e|K>chs;  and  they  follow  eiich 
other  in  the  prog'-ess  of  development^  as  diifereot  organs  are  emploj-ed 
in  turn  to  acconipusb  tiie  above  functions.  The  firnt  form  is  that  of  the 
vitelUne  circulatioHy  which  exists  at  a  |)eriod  when  the  vitellus  is  the 
source  of  nutrition  for  the  embryo.  The  second  is  the  placental  circular 
lion,  which  la^ts,  in  man  and  the  mnnimalians,  through  the  greater  part 
of  fVutal  life,  auti  is  characteriztnl  by  the  existence  of  the  placenta;  the 
tliinl  is  the  connilt?tc  or  adult  cirrulation,  in  wiiich  tlie  renovation  and 
nutrition  ot  the  blood  arc  provide<l  for  by  the  lungs  and  the  intestiiiAl 
canal. 

Vitelline  Circulafion.^^Whrn  the  body  of  the  embryo  has  Wgnii  to 
be  formed  in  the  centre  of  the  blastoilenu,  a  nuinlter  of  bUxxlvesaela 
shoot  out  from  its  sides  and  ramify  over  the  neigh- 
boring^ parts  of  the  vitelline  sac,  forming  l>y  their 
inosculation  an  abundant  vascular  plexu'^.  Tlie  area 
occu|>ie<l  by  this  plexus  around  the  f(Vtus  is  the 
"  area  vasculosa."  In  the  egg  of  the  fish  (Fig.  29S), 
the  area  vascidosa  occupies  the  whole  surface  of  the 
vilcllu.s,  outside  the  lM>dy  of  the  embryo.  A  number 
of  arteries  pass  out  from  each  Ride,  supplying  the 
vuHcuhir  network ;  and  the  blood  is  returned  from 
it  to  the  embryo  by  a  priiieipal  vein  which  is  seen 
passing  upward  along  the  front  of  the  egg,  and  enter- 
ing llie  bo<ly  bcntMith  tlu-  hca«l 

In  the  egg  of  the  fowl,  the  area  vascnlosn  spreads  gradually  over  tbe 
vitelline  6nc  from  within  outward.  It  is  at  first  limited  on  its  extenml 
border  by  a  terminal  vein  or  sinus,  which  collects  the  greater  part  of 
the  bloo<l  from  the  vnsrular  plexus  on  each  side,  and  returns  it  tu  the 
interior  of  the  embryo  by  a  double  or  single  trunk,  entering,  as  in  the 
fish,  beneath  the  head.  Another  vein,  of  sm.sller  sire,  enters  the  body 
of  the  embryo  near  its  posterior  extremity ;  and  a  number  of  others, 
still  smaller,  along  the  sides.  All  these  vessels  gradually  change  in 
relative  imfiortnnco,  as  the  development  of  the  embryo  procee<Is. 
Especially  the  terminal  sinus  becoincs  less  distinct  as  the  area  vaacu- 
losa  extends  farther  over  the  vitelline  sac,  and  the  anterior  and  poa- 
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terior  venous  trimka  disappear  more  or  less  completely,  to  be  replaced 
in  itnport:iiu:K  by  some  of  those  which  enter  upon  the  sides.  The  anoi 
vasetilwsa  is  tlicrelore  nn  appendage  to  the  circ-iilatory  apparatus  of  lh« 
embryo,  spread  out  over  the  siu  face  of  the  vitelius,  and  absorbing  fron 
it  the  reqnisiLe  muteriala  for  nutrition. 

In  man  and  the  mammalians,  the  first  formation  uf  the  area  Tasculoa 
is  not  essentially  dillerent  frum  that  presented  in  Qshes  aud  birds.  Bol 
owin«5  to  tlie  small  size  and  rapid  exhaustion  of  the  vitcllus  as  a  flomw 
of  nuurislinietit,  tliis  form  of  tiie  circulation  never  acquires  a  high  degre» 
of  devt'loptnent,  ninl  soon  becomes  retrograde.  It  presents,  howetmr, 
certain  raodificntiuns,  which  are  of  importance  as  indicating  the  niuda 
of  origin  of  various  parts  of  the  permanent  vascular  systtun. 

These  raoditications  relate  mainly  to  the  arningeraent  of  the  artcriM 
and  veins  distributing  tlie  blood  to  the  external  vascular  plcxa«,ud 
returiiint;  it  llietiee  t<*  the  body  of  the  embryo.  Aa  the  embryo  and  titt 
entile  vgg  increase  in  size,  there  are  two  arteries  and  two  veins  ttUich 
becotiie  larger  than  the  others,  iind  which  subsequently  do  the  whok 
work  of  conveying  the  blood  to  and  from  the  area  vasculosa.  The  tw» 
arteries  emerge  from  the  l.-iterul  edges  of  the  embryo,  on  the  right  and 
left  sides  ;  while  the  two  veins  enter  at  about  the  same  point  and  Denrij 
puridlel  with  tliera.  These  four  vessels  are  termed  the  oniphalu-mesfn- 
IfHc  arlerie.s  and  veins. 

The  nrrangi-ment  of  the  circulatory  apparatus  in  tlie  interior  of  tlu* 
body  at  this  time  is  as  follows:  The  heart  is  situated  at  the  mctlixfl 
line,  immediately  beneath  the  head,  and  in  front  of  the  oesophagus.  It 
receives  at  its  lower  extremity  the  united  trunks  of  the  two  omphalo- 
mesenteric veins,  and  at  its  uj)pcr  extremity  gives  otT  two  vessels  trhvA 
nlrtiost  immudiiitely  divide  into  two  sets  of  latend  arches,  hendiug  back- 
ward along  the  sides  of  the  neck,  anil  again  uniting  into  two  trunlu 
near  the  anterior  surface  of  the  ^-erteljral  coluuni.  These  trunks  thai 
run  from  above  downward,  in  a  nearly  similar  direction,  on  each  sid* 
the  median  line.  They  are  cflllcd  the  vertebral  arteries^  on  account  of 
their  situation,  which  is  parallel  with  that  <if  the  vertebral  column. 
They  give  oft",  throughout  their  course,  small  lateral  branches,  wbicb 
Bupjily  the  iKKly  of  the  foetus,  and  also  two  larger  branches  —  the 
om|ilial't.meseiitertc  arteries — which  pass  out,  as  above  doscribetl,  iolo 
the  area  vascnlosa.  The  two  x  ertebral  arteries  remain  separate  io  \\w 
upper  part  of  the  body,  but  fuse  with  each  other  a  little  beneatb 
the  level  of  the  heart ;  so  tliat,  hi-lnw  this  point,  there  remains  but  une 
large  artery,  the  aortn,  running  from  above  downward  along  the  median 
line,  giving  off  the  omphalo-nii'sentcric  arteries  to  the  area  vasculosa. 
and  supplying  smaller  branches  ti*  the  body,  the  walla  of  the  intestine. 
and  the  other  organs  of  the  embryo. 

Tliis  ia  the  condition  which  marks  the  first  or  vitelline  circulatioit 
A  change  now  begins  to  be  established,  by  which  the  vitelius  is  super- 
seded, ns  an  ori;an  of  nutrition,  by  the  pbicenta;  aud  tho  second  or  jA^' 
cental  cireulatioii  takes  its  place. 
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lilmffrmn  i>f  the  Y  lit  NCI  l-.Moiiio  a  .^  i« 
ITS  VssNBLH,  ihiiwinK  the  ciroul^lion 
of  the  ucnhhIcKl  vrstclr,  nnil  alto  That  ol 
the  atlnnlol*,  b«sinolDC  to  b«  formed 


Placental  Circulation. — Afler  tbe  umbilical  vesicle  has  been  formed 
by  the  process  alfeady  <Iescribed  (page  73S),  a  pari  of  the  vitelltis  re- 
mains iticlitded  ill  it,  while  the  rest  id  retained  iu  the  abdumen  and 
inclosed  in  the  intestinal  cAnal.  As 
tliese  two  orgRiis  i  umliilical  ve^icU' 
and  intestine)  are  oiiginally  |mrls  of 
the  same  vitelliiie  sou,  tliey  remain 
Kilpplied  by  the  aaino  vascular  sys- 
tem, namely,  the  ompUalo-mesentt-rir 
vessels.  Tliuse  which  remain  within 
the  alMJomen  of  the  fu«lns  supply  the 
mt'scntery  mid  intestine;  but  the 
larger  trunks  pass  outward,  and 
ramify  upon  the  walls  of  the  iim- 
liilical  vesicle.  (Fig.  200.)  At  first 
there  are,  n8  above  mentioned,  two 
omphalo-nK'senteric  arteries  emerg- 
ing fiom  the  body,  and  two  omphalo- 
mesenteric veins  returning  to  it ;  but 
afterward  the  two  arteries  are  re- 
jilaccd  by  a  common  trunk,  while  a 
similar  change  takes  place  in  the  two  veins.  SuKsequcntly,  therefore, 
there  remains  but  a  single  artery  and  a  single  vein,  counecting  the 
internal  and  external  portions  of  the  vitelline  circtdation. 

The  vessels  belonging  to  this  system  are  called  the  omphaIo-me<»en- 
teric  vessels,  because  a  part  of  them  {omphalic  vessels)  ])as8  outward, 
by  the  nrabilieus,  or  "otnptinlos,"  to  the  uml)ilieul  vehicle,  while  the 
remainder  {mesenteric  vessels)  ramify  upon  the  mesentery  and  the 
intestine. 

At  Brst,  the  circulation  of  the  umbilical  vesicle  is  more  important 
than  that  of  the  intestine;  and  the  omphalic  arter)*  and  vein  ajipear 
aeronlmg'iy  as  large  trunks,  of  which  the  mesenteric  vessels  arc  fiuwll 
branches.  (Fig.  299.)  Afterward  the  intestine  enlarges,  while  the  urn* 
bilienl  ve-Niele  diminishes;  and  the  proportion  between  the  two  sets  of 
vessels  is  therefore  reversed.  The  inescntoriu  vessels  then  come  to  \» 
the  |)rincipal  trunks,  while  the  omphalic  vessels  are  minute  brnnehe•^ 
running  out  along  the  stem  of  the  uml)ilical  vesicle,  and  ramifying  iJl  % 
few  scanty  twigs  upon  its  surface.     (Kig.  300). 

In  the  mean  time,  the  allantois  is  formed  by  a  protrusion  from  the 
lower  ejctivmity  of  the  intestine,  which,  carrying  with  it  two  arteries 
and  two  veins,  passes  out  by  the  anterior  opening  <if  the  iKxly,  and  enmea 
in  contact  with  the  external  membrane  of  the  egg.  The  arteries  of  the 
rtllantola,  terme«l  the  vwbiNcal  ayterien^&re  8U|»plied  by  branches  of  the 
abdominal  aorta  ;  the  umbilical  veins,  on  the  other  hand.  Join  the  meser*> 
teric  veins,  and  empty  with  them  into  the  venous  extremity'  of  the  heart. 
As  the  umbilical  vesicle  diminishes,  tbe  allantois  enlarges  ;  and  the  Iat» 
ler  is  converted,  in  the  human  subject,  into  a  vascular  chorion,  part  of 
51 
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which  is  doToted  to  the  formation  of  the  placental.  (Fig.  300.)    A«  tbf 
pUcentA  soon  becomes  the  only  source  of  nutrition  for  the  fceti 
vessels  increase  in  size,  nnd  prepondernte  over  nil  the  other  |»art> 
circulatory  sybtem.     During  the  eurly  periods  of  the  ronnalion  of  U» 

Fig,  300. 


DUfcntm  or  Ihe  EMnnro  asp  iTf  Vi!8aiti.i«;  showing  tlie  gecond  or  pli^rntitt  r\m' 
htlon,  The  intc«tiu«  hrt*  bernine  furtlicr  (lCTelo|>c<),  «ii<l  the  memMitrrle  arlcrtea  h*>« 
enUrgml,  while  Ihe  urobtliOAl  rcclclo  nikI  itt  vnsculnr  brnnchea  are  reilacvd  la  fttsr.  Tk* 
urge  umbilical  arTerieii  *rc  tceo  pauiug  out  to  Ihe  plsceatk. 

placenta,  there  are,  a?  almve  tnentionetl,  two  nnihilical  arteries  and  two 
umMlieal  veins.  SuhsfipKnitly  one  of  the  veins  disap|)ears,  and  ih* 
whole  of  the  blood  is  retunietl  to  the  fnetus  by  the  other,  which  becomes 
enlarge«l  in  pmpoitiivn.  For  a  lonj?  time  previous  to  birth,  there  air, 
therefore,  in  the  iimliilieal  cord  two  uuibilical  arteries,  aiid  but  one 
unibilieal  vein. 

Adult  Ch'fufafinn, — The  plaeentiil  cirenlation  is  exohnnged,  at  tlie 
period  of  birth,  for  tlie  third  or  a<hdt  circulation.  ThiA  is  distinguished 
by  tlie  disap|irnrance  nf  tlie  placenta  and  the  vessels  connected  with  it, 
and  by  the  entrance  into  activity  of  the  lungs  and  the  alinientary  caital, 
as  the  organs  of  nntritiou  and  neration  for  tlie  blood.  A  larg^e  propor- 
tion of  the  lilood  i^i  nccorirm;.rly  turned  into  different  channels,  and  t« 
distributed  to  r>r«;ans  whii-h  were  bt'Tiire  l)iit  scantily  siipplietl.  This 
change  differs  from  that  which  preceded  it  mainly  in  its  snddenDeML 
The  transition  from  the  tirst  to  the  scconrl  form  of  circiilntion  is  » 
gradual  one;  the  vitellns  and  HMd)ilical  vesicle  <Uminisbing;  as  the  pl»* 
centa  enlarges,  and  the  two  organs,  with  their  bloodvessels,  coexisting 


for  a  cerlaiii  period.  But  at  tbc  time  or  birth  the  placenta  is  detachtxl, 
and  tiie  liiiif^s  brought  into  play,  with  comparative  suddenness;  and 
nlrhon^h  the  ixihnouurj  eircululioii  and  respiration  are  not  establishe<] 
in  fitll  activiiy  uiiltl  iiti  inl4.'i-vui  of  Kouie  dayi^  has  ehipttetl,  yt-t  the  pliw 
cenla  is  at  onr-e  wirli<lrawji  iVoin  the  circulatory  systt'm,  and  its  office  is 
as.Hiuned  by  the-  Ititigs,  tlu;  .nkin,  and  the  iilitm-ntary  ctnal. 

Tht!  <'otnpur:itively  sudden  ehiinges  whii-h  take  phice  at  birth  have, 
however,  l>een  already  proviil«i<l  I'tir  by  the  gradual  development  of  the 
necessary  orgajin.  This  is  accompanied  by  corres|>onding  alterations  iu 
both  the  arterial  and  venous  systems. 

fJeurfopwfui  of  thi*  Arlerinl  SyaU'm,  —  At  an  early  |>erio<1  of  develojv 
meut,  the  main  arterial  trunks,  alter  passin;?  off  from  the  anterior  ex- 
tremity of  the  heart,  curve  ba<:kHarTl  in  two  sets  of  nearly  |)arallel 
branches,  toward  the  vertebral  oolnmn.  afti?r  which  they  again  become 
K>n<ritudin:d,  and  receive  the  name  of  the  "vertebral  arteries."  The 
curved  brancln's  which  pass  alonjr  the  sides  of  the  neck,  from  front  to 
rear,  are  called  the  cervical  arches.  'TUvy  run  iu  the  substance  of  the 
visceral  folds  existing  in  this  situation  (page  781 ',  and  arc  neparated 
fronj  each  other  by  the  intervening  cervical  fissures.  In  the  chick- 
embryo,  according  to  Foster  and  lialfotir,  three  cervical  arches,  in  the 
three  np|>er  visceral  folds,  have  l>cen  formed  by  the  end  of  the  second 
day  of  incubation.  During  the  thir<J  and  fonrlh  tlays,  the  first  ami 
second  cervical  arches  Iwcome  oliliterated,  but  a  fourth  and  a  fiflh  I>e- 
conie  developed  at  the  fjanie  time,  in  the  substance  of  the  corresponding 
visceral  fohls.  Thus  there  are,  in  all,  five  vascular  cervical  arches  ;  but 
only  three  are  to  be  found  coexisting  at  any  one  time. 

In  flshi's,  the  cervical  arches  remain,  a.s  permanent  blooil vessels  snp- 
plyijjjT  the  gills,  generally  four  in  number  on  each  side,  wjmctimea  five. 
In  birds  and  mammalians,  some  of  tbem  disappear  during  the  further 
progress  of  develojiment,  or  leave  only  certain  arterial  inosculations  in 
the  atlnlt,  as  vestiges  of  their  existem-e  during  the  embryonic  condition. 
.Some  of  them,  on  the  other  hand,  remain  as  |)erraancnt  vascular  trunks 
or  branches,  forming  important  parts  of  the  adult  arterial  system. 

The  details  i-clating  to  the  growth  and  Biibseqncnt  mollification  of 
the  cervical  arches  are  not  all  dcscrilie*!  in  the  same  manner  by  different 
oVtservers ;  and  there  seems  to  Ik*  some  variation,  in  tliis  respect,  in  the 
mammalian  eudiryo,  as  compared  with  that  «»r  binls.  The  general  fea- 
tures, however,  of  the  process  of  transf<)rmalion  are  as  follows. 

The  two  ascending  trunks,  on  the  anterior  part  of  the  neck,  from 
which  the  ccrvictd  nrclios  are  given  off,  Itecome  the  carotid  arteries. 
The  first  and  swond,  that  is,  tlie  two  upper  cervical  an-hes,  on  each 
«j<lc,  dl8api>ear  as  alK>vc  mentioned,  or  remain  only  in  the  form  of  small 
and  inconstant  arterial  inosculations.  The  third  art*h  becomes  the  sub- 
clavian artery,  giving  off,  in  an  upward  direction,  the  permanent  verte- 
bral artery,  an<l  continuing  outward  as  the  axillary  artery,  to  supply 
the  upper  limb.  The  fourth  cervical  arch  undergoes  very  different 
changes  on  th<!  two  opposite  sidea.     On  the  left  side  it  becomes  enor* 
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mouslj  eularged,  giving  off,  as  scconilary  branches,  all  tlio  arterial 
trunks  going  U>  tiie  Ik'jwI  ami  uii|ifr  limlis,  uiul  is  thu»  couvertc<l  into 
the  pennam.'iit,  arch  of  (he  uvrla.  On  the  viglit  side  the  correspoixliiig 
arch  grows  smaller,  uud  ultimately  disrtppcArs ;  90  that  at  la»t  ibere  i» 
only  ft  single  aortic  uruJi,  nitnuted  to  tht  lel\  of  the  median  line,  ai>il 
coi)tintioiV8  Iwluw  with  Ihv  thonicic  norlu. 

The  fifth  or  last  cervical  «rch  becoiu^H  on  ench  Biile  tlie  pulmonary 
artery ;  its  extemiil  portion  tin  the  right  side  di»apiK.'aring  at  a  terj- 
enrly  period,  but  on  ll»o  left  remHiiiing  lor  a  certain  time,  as  the  ilucliu 
arteriosus,  U-tween  the  pulmonary  artery  and  the  aorta. 

Notwithstauding  that  the  cervical  urcUtB  are  at  first.  Its  tUcir  name 
implies,  all  situated  in  tlie  ivgifni  of  the  neck,  their  rewnind  or  penoa- 
ru'tit  representatives  in  iUe  eoiuplete  Torm  of  the  arteriiil  system,  cojue 
to  be  ]>l!iced  farther  downward,  and  are  even  found  in  the  cavity  of  ibe 
chest.  This  is  due  to  the  varyino^  rapiility  of  growth  iu  ditfertrnl  part?, 
at  the  Buocessive  periods  of  embryonic  develo|.imcnt.  The  tUorux  it 
lir.-st  has  no  existence  sis  a  distinct  i)ortion  of  the  trnnk;  the  heart 
bein-r  placwl  imtiu-diatvly  bfUi-atli  thi*  head,  and  aru-rwapj  cbanj^iri_- 
relative  position  as  the  dcvelo|.>ment  of  ihe  lungs  gi>e9  forwanl  aii'l 
walls  of  the  chest  expand  to  cover  them.  The  neck,  with  the  cesoplia- 
gus  and  trachea,  also  elongates  iu  an  upwanl  direction,  so  that  the  v.is- 
cular  organH  at  first  plaeeit  in  the  cervical  region  allerwartl  oc-cupy  a 
poeiiiou  lowi'V  tJowiu  In  Oshes,  where  the  cervical  arches  are  |>enua- 
nent  and  where  no  lungs  are  develo{RHl,  therp  is  no  thoracic  cavity,  ani 
the  heart  remains  Kituulecl  at  the  most  anterior  portion  of  the  trunk,  just 
beliiml  the  gills. 

CorroH ponding  changes  take  place,  during  this  time,  in  the  lower  part 
of  the  body.  Here  the  aLidorainal  attrta  runs  umlivided,  upon  Uie  nie- 
diau  line,  quite  to  the  end  oT  the  spinal  column  ;  giving  off  on  each  sidf 
lateral  branches,  which  supply  the  intestine  and  the  parictes  of  the  boly. 
When  the  albtntuis  begins  to  be  devebipctl,  two  of  these  latcrjil  branches 
accompany  it,  and  become,  consequently,  the  umbilical  arteries.  These 
vessels  increase  so  rapidly  in  size,  that  they  soon  ap|)ear  as  rliviiiioina 
of  the  ao^rtiii:  trunk ;  while  the  original  continuation  of  the  aorta, 
running  to  the  end  of  the  si)iiial  cohuun,  appears  as  a  email  branch 
given  off  at  the  point  of  bifurcation.  The  lower  limbs  are  snpplied 
by  two  small  branches,  given  otf  from  tlie  umbilical  arteries  uear  their 
origin. 

^^^  Up  to  this  time,  the  pelvis  and  posterior  extremities  are  bnt  slightly 

^H         developed.     Subsequently  they  grow  more  rnpidty,  in  projiortion  to  the 
^^P        rest  of  the  body,  and  the  arteries  which  supply  them  eidarge  in  a  corre- 
^^         Bpond tug  manner.    That  portion  of  tlie  umbilical  arteries,  lying  Inrtwci 
■  the  bifurcation  of  the  aorta  and  the  origin  of  the  I)i*anehe8  going  to  t 

I  lower  extremities,  becomes  the  common  iliac  arteries,  which  in  their 

I  turn  afterward  divide  into  the  umbilical  arteries  proper,  and  the  fenoorals. 

I  Subsequently,  in  acconlance  with  the  continued  gr'>wth  of   the  pehis 

I  and  lower  extremities,  the  relative  size  of  their  bloodvessels  is  stiU 
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furtlior  iticrcaiMMl ;  and  at  last  tlie  nt'lerinl  syBtcni  in  tliis  pari  of  the 
ticxiy  assume!^  r.lie  arraugi'motit  which  belungs  to  the  luttt-r  poriods  of 
gestatiuu.  Tlie  aorta  divides,  as  l)i.'forc\  it>lo  the  two  cumiiiun  iliac 
arl«rics.  These  diviiUt  iitLo  ilie  extoriiai  iliucs  8tipi>lyiiig  the  lower  cx> 
trcfDlties,  and  the  iiitiTital  ilitieti  8U|i|)lyiiig  the  pelvi.s;  and  this  divibion 
is  so  iihicL'd  tliat  the  itiiibilic:d  or  liy|j«)gastric  arteries  ari^e  from  the 
iileriial  ili^ics,  of  which  they  now  a])|H;:ir  to  Imj  secondary  branehcs. 

After  the  hiith  of  the  f<L-tiis  ancl  the  separation  of  the  placentn,  the 
fiy|»ogustr»c  arteries  become  partially'  atrophie<l,  and  are  converted,  in 
the  ndult  condition,  into  solid  cords,  running  ui)ward  to  the  unibilicus. 
Their  lower  purtiou,  however,  remains  pervious, 
and  gives  olf  arteries  sii|>|»lying  the  iinuar^-  blacl- 
der.  The  terminsil  ccjntinualion  of  the  original 
nixiuminal  aorta,  is  the  arteria  eat-ra  media,  wliich, 
in  tlie  adult,  runs  downward  on  tlie  anterior  sur- 
face of  tlie  sacrum,  6upplyii)g  branches  to  the 
rectum  aud  to  the  anterior  sacral  nerves. 

Deoehpment  of  the  Venoun  Systf^m. — According 
to  the  observations  of  Co!*te,  the  principal  veins  of 
ttie  body  consist  at  first  of  two  loujr  venous  trunks, 
the  tifrtebral  t^fiim  (Fig.  301),  which  run  along  the 
ttides  of  the  vertebral  column,  paiallel  with  the 
vertebral  arlerios.  They  receive  in  succession  all 
the  intercostal  veins,  and  empty  into  the  heart  by 
two  lateral  trunks  of  equal  size,  the  canals  of  Cu- 
vier.  When  the  inferior  extremities  become  de- 
vcliiped,  their  two  voin^,  returning  from  below, 
join  the  vertebral  veins  near  the  posterior  {N^rtion 
of  the  IkmIv  -,  and,  crossing  them,  afterward  unite 
with  eacl>  other,  thus  conslituling  another  vein  of 
new  formation  (Fig.  302,  a),  which  runs  upward  a 
little  to  the  right  of  the  me<lian  line,  and  emptier 
by  itself  into   the  lower  extremity  of  the   heart. 

The  two  branches,  by  means  of  which  the  veins  of  Uie  lower  extremi- 
ties tlnH  unite,  become  afterward  the  common  iliac  veins;  while  the 
single  trunk  (a)  resulting  from  their  union  iM-eomes  the  ee/m  cora  in- 
ferior. SulwwMpu'ntly,  the  vena  cava  .nferior  becomes  very  much  larger 
than  the  vertebral  veins;  and  its  two  branches  of  bifurcation  are  after- 
ward represented  by  the  iliac  veins. 

Above  the  level  of  the  heart,  the  vertebral  and  intercostal  veins  re- 
tain their  relative  size  until  the  development  of  the  siijierior  extremities 
has  commenccKL  Then,  two  of  the  intercostal  veina  increase  in  diameter 
(Fig.  302),  and  become  converteil  into  the  right  ami  left  suU-lavians; 
while  those  portions  of  the  vertebral  veins  situnterl  above  the  8ubcla- 
vians  become  the  right  and  left  jugular  veins.  Just  below  the  junction 
of  the  jugidars  with  the  sulKrlavians,  a  small  branch  of  commuuication 
now  apjiears  between  the  two  vertebraU  (Fig.  302,  6),  parsing  over  from 


Pl«lCi^ii*  oi  the  X  n- 
voir*  Sr«T«M  in  It* 
•i^rlf  eoDditlon  ;  ibovf  ■ 
ln<  the  vertpbrol  vpIb* 
rmjiljrlng  Into  the  heart 
liy  two  Ur«r*)  trunk*, 
the  "  oanali  o(  Cuvlcr." 
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Vksottii  S  vRTKJflTurtlier 
Advnoootl,  ihowlDK  the  for- 
mnlion  nf  the  tlinc  itml  >ul>- 
olnvina  criUB  —a.  Vela  of 
nrw  furmntinR,  which  b«- 
«om4>fillie  inreriorveofteAVA. 
b.  TrAMVcrse  branch  of  new 
formAtion,  which  Afrt'rw.ird 
beoDnipa  the  tcrt  v «on  tono- 
lalDiilii. 


Fig.  303. 


Further  development  of 
the  ViEworB  Stbtkm. — 
The  vertobfrtl  velD»  »te 
much  dlminiahed  in  alie, 
Ktid  the  oAUAl  cf  Cuvlcr,  aii 
Ihe  left  aide.  Is  ^rAiliinlly 
dlsappcAring.  c.Trnnjiver»o 
brunch  of  new  formntlon, 
wljtch  Is  to  b«eome  the  vcua 
•sygoi  mtnoT. 


left  to  right,  ami  emptying  into  the  right  vert^ 
bnil  win  a  little  aliovtj  the  U-vel  of  the  heart; 
so  that  a  purl  of  the  bluod  CDnitng  from  tlte 
lert  side  o(  tbe  bemi,  niid  the  left  upper  extre- 
mity, still  passes  down  the  lelt  vertA-bral  vein 
to  tlie  liL'art  upuu  its  own  i>.idi',  t^hilv  a  part 
crosses  over  by  the  cuiiiuiuiiieating  branch  (/»), 
and  is  finally  uonveye<l  to  the  bc^rt  by  tb« 
right  descending  vertelual.  iSoun  nfterwjini, 
this  braueh  of  euiimuinicalion  enlarges  so 
rapidly  that  it  iiiepoiulerates  over  tbe  left 
8iiIM?rior  Vertebral  vein,  Troui  which  it  origi- 
naled  (Fig.  303),  and,  serving  then  to  convey 
all  the  lilood  tVuui  the  left  side  of  the  he:»d  ami 
letTt  upper  extiemity  to  tbe  right  side  above  the 
heart,  it  lieconies  the  left  vtna  tnnonitnala. 

On  the  left  side,  that  portion  of  the  8n|>erior 
vertebral  vein,  wliieli  is  below  tbe  sulK-laviun, 
remains  as  a  small  branch  of  the  vena  iunoiui- 
nata,  receiving  the  »ix  or  seven  upper  inttr* 
cosUd  veins;  while  on  the  right  side  it  l^econn.** 
excessively  eiilarge<l,  receiving  the  bloo<l  of 
lx)th  jiigulaj-s  nml  both  sulHavians,  and  is  con- 
verteil  into  tiie  I'tna  cai-'a  KUpertof. 

The  left  canal  of  Cuvier,  by  which  the  leJl 
vertebral  vein  at  first  comnmnicates  with  t 
heart,  is  subsequently  atnjpbied  and  ublit<-mt«<(V 
while  on  tlie  right  side  it  becomes  ext-esftively 
enlarged,  and  forms  the  lower  extremity  uf  the 
vena  cava  superior. 

Tlie  siiiHTittr  and  inferior  vense  cavnp,  acconl- 
ingly,  <lo  not  coiTcspond  witli  each  other  so  far 
as  regards  tbeir  mode  of  origin,  and  fire  not 
to  be  reganled  as  ann logons  veins.  The  »up^ 
rior  vena  cava  is  one  of  the  original  verlcb 
veins  ;  while  the  inferior  vena  cava  is  a  vessel  of 
new  formation,  resnlting  from  the  nniur\  of  two 
lateral  trunks  coining  from  the  inferior  extre- 
mities. 

The  remainder  of  the  vertebral  veins  finally 
assume  the  condition  shown  in  Fig.  304,  which 
is  the  ertin[)lete  or  adtdt  form  of  the  ven 
circulation.     At  the   Inwer  jiart  of   the  «U1 
men,  the   vertebral    veins   send    inwfird    sini 
transverse  blanches  of  commn ideation   to  I 
vena  cava  inferior,  between  the  poiuts  at  whiih 
they    receive    tbe    intercostal    veins.       These 
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Fig.  3<)4. 


branches  of  cutnmunicaliuii|  by  increasing,  in  size,  ln-iome  tliu  luvibar 
wing  (r),  which,  in  the  mlulC  condition,  coiuuiunicute  with  ench  utiier 
by  arched  brunches,  a  sliort  distiincc  to  llie  side 
of  the  vena  cava.  Al)ove  the  level  of  the  luiubiir 
arches,  tlie  vertehrai  veins  retain  liieir  origiiml 
direction.  That  upon  the  riybt  side  still  re- 
ceives all  the  right  interccistal  veins,  and  lieeotnes 
the  r'tvrrt  azijijott  major  (  8  J,  It  also  receive;*  a 
small  brunch  of  coniaiuniealiou  from  its  fellow 
uf  the  left  side  (Fig.  3U3,  c),  and  this  bmnch 
Boon  enlarges  to  such  an  extent  ns  Ut  brin^ 
over  to  the  vena  azygoa  major  all  the  blin><l  of 
the  five  or  six  lower  intercostal  veins  of  the  left 
side,  becoming,  in  this  w-ny,  the  v«nn  azytjna 
viinor  (»).  The  six  or  seven  upper  intert-ostal 
veins  on  the  lell  side  still  empty,  as  liefore,  into 
their  own  verL4-brid  vein  (jo),  which,  joining  the 
left  vena  innomiuata  ab«jve,  is  known  its  the 
ifupt-rior  inlfrvueital  Vfin.  The  left  cnnnl  of 
Cuvier  has  by  this  time  entirely  <lisap|H'ared  ; 
80  that  all  tlie  venous  Mood  now  enters  the 
heart  by  the  superior  «nd  the  inferior  vena  cava. 
Hut  the  ori<^inal  vertebral  veins  are  still  con- 
tinuous thron^lioiit.  thouj^h  much  diminished  in 
size  at  certnin  jnjints ;  since  botli  the  greater 
and  lesser  nzyizoiis  veins  inosculate  below  with 
the  superior  bimbar  veins,  and  the  Mn]>erior  in- 
tercoHtid  \ein  inosculates  Ik'Iow  with  the  lesser 
nzypous,  iM-fore  it  crosses  to  the  right  side. 

There  are  still  two   parts  of  the  circidatory 
apprvratus,  the  devt-lopraent  of  which  jjrcsents 

|>eculi.MriM«'s  snfflciently  in>portant  to  be  descrilM'd  separately.  These 
are,  first,  the  liver  and  the  <lnctns  venosus,  and  secondly,  the  heart  and 
ductus  arteriosus. 

7%»*  Hepatic  CirrvJnHnn  n»({  Durhi.i  Fft- 
noffi'K. — The  liver  appears  at  a  very  early 
period,  in  the  np|ier  part  of  the  abdomen,  as 
a  mass  of  glandular  and  vascular  tisnue,  «le- 
tpIoimmI  around  the  up|HT  f»orllon  of  the 
oraphalo-tuesentt-ric  vein,  just  Ix-Iow  it<«  ter- 
mination in  the  heart  (Fig.  .soft).  As  soon 
as  the  organ  has  attnineil  a  eonslderable 
size,  the  omphnb)-mcs«>nteric  vein  ( i )  breaks 

ni>  in  its  interior  into  a  eapill.nrv  plexus,  *"''y  '*""  **'  "••  H»rATie 
the  vesM'ls   of    which    again    unite    into   a     n.«««nt,r»cvt.in,  i  n-pntn-vru.. 

venons  trunk,  whiih  eonvevs  tin-  blood  to  «•>!»•'»  ThodnffiHiim..  .howt 
..,.„„  .     ,    ■  ,     .  th'  •HiMtloii  of  the  fuluni  um> 

the   beart.      1  he   ompbalo-meseuteric   veiu    buicni  veiti. 


Ailiilt  conttltloii  of  lh« 
V  k  N  «  r  N  8  V  B  T  K  ¥  .  —  I. 
Ricril  nurlel^  ut  thit  lii-nff. 
S.  \>hK  cAvi*  vuiwrior.  8,3. 
J<i|;ul<«r  vrln*  4,4  8ul<cln- 
vinn  vein*.  6.  Venn  cwrn 
lafprlor  o,  0.  UUe  vi'liii, 
7.  I.iimbi«r  vpliin  8.  Venn 
■ffKo*  HKiJtir.  9.  Xtan 
niyoro*  minor.  10  siuperlor 
tnl«r<?att«l  vc.a 


Fig.  305. 
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below  the  liver  then  become^  the  portal  vein  ;  while  above  the  liver,  and 
between  that  organ  and  the  heart,  it  i-ecuives  the  name  of  the  ht^pahc 
vein  (a).    The  liver,  accordingly,  is  at  this  time  supplied  with  blood 

entirely  by  the  portal  vein,  coming  from  the 
Fig.  306.  umbilical  vesicle  and  the  intestine;  and  all 

the  blood  derived  from  this  source  passes 
through  the  hepatic  circulation  before  reach- 
ing the  venous  extremity  of  tlie  heart. 

But  soon  afterward  the  allaiitois  makes 
its  appearance,  and  becomes  developed  into 
tlie  placenta;  and  the  umbilical  vein  re- 
turning from  it  joins  the  omphalo-mescnteric 
vein  in  the  substance  of  the  liver,  and 
takes  part  in  the  formation  of  the  hepatic 

HBFATIC       ClKCtTLATTOS  ,,  ,  o-  a1  i    •!•        I  •    i 

farther  ndvRnced.  - 1.  Portal  Capillary  plcxus.  bince  tlie  umlulical  vesicle, 
vein.  2  Umbilical  vein.  8.  He-    however,  becomes  atrophied,  while  the  int»- 

pRtlo  rein.  '  .        .  .  '      ^, 

tine  remains  inactive,  at  the  same  time  that 
the  placenta  increases  in  size  and  in  functional  imi>ortnnce,  a  peiioA 
arrives  when  the  liver  receives  more  blood  b\'  tlie  umbilical  vein  than  by 
the  portal  vein.  (Fig.  306.)  The  umbilical  vein  then  passes  into  the 
liver  at  the  longitudinal  fissure,  and  supplies  the  left  lobe  entirely  with 
its  own  branches.  To  the  right  it  semis  ofl'  a  large  branch  of  communi- 
cation, which  opens  into  the  portal  vein,  and  partially  supplies  the  right 
lobe  with  umbilical  blood.  The  liver  is  thus  supplied  with  blood  from 
two  different  sources,  the  most  abundant  of  which  is  the  umbilical  vein; 
and  all  the  blood  entering  the  liver  circulates,  as  before,  through  its 
capillary  vessels. 

But  tlie  liver  is  much  larger,  in  proportion  to  the  entire  body,  at  an 
early  period  of  fujtal  life  than  in  the  later  months.  In  the  fcctal  pig, 
wiien  very  young,  it  amounts  to  nearly  twelve  per  cent,  of  the  weight 
of  the  whole  body ;  while  before  birth  it  diminishes  to  seven,  six,  and 
even  three  or  four  per  cent.  For  some  lime,  therefore,  during  the 
latter  part  of  fcetal  life,  much  more  blood  returns  from  the  placenta 
than  is  required  for  tlie  capillary  (;ircidati(m  of  the  liver.  Accordinglv, 
a  vascular  duct  or  canal  is  formed  in  its  interior,  by  which  a  portion  of 
the  placental  blood  is  carried  dir(?ctly  through  the  organ,  and  conveved 
to  the  heart  without  having  passed  through  the  hepatic  capillaries.  This 
canal  is  the  Ductus  vtmosun. 

The  ductus  venosus  is  formed  by  a  gradual  dilatation  of  one  of  the 
hepatic  capillaries  (at  6  Fig.  307),  which,  enlarging  excessively,  be- 
comes converted  into  a  wide  branch  of  communication,  passing  from  the 
umbilical  vein  below  to  the  hepatic  vein  above.  The  circulation  through 
the  liver,  at  tliis  period,  is  as  follows  :  A  certain  quantity  of  venous  blood 
still  enters  through  the  portal  vein  (i),  and  circulates  in  a  part  of  the 
capillary  system  of  the  right  lobe.  The  umbilical  vein  (2),  bringing  a 
much  larger  quantity  of  blood,  enters  the  liver  a  little  to  the  left,  and 
the  blood  which  it  contains  divides  into  three  principal  streams.     One  of 
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them 


Fig.  307. 


Hkpatic  Oi  RorLATiON  iluring  tli* 
Utter  (inrt  of  fictol  Itfp.— 1.  Purtnl  retit. 
S.  Trnibllical  vrln.  8  I^fl  braneh  uf  um- 
blllril  vein.  i.  RIkM  brunch  of  uinblll- 
c«l  win,  6.  Uuciuii  v«no9U*.  S  Ht|)iillo 
Tcin. 


Fig.  308. 


p.nsses  through  the  lett  branch 
(a)  into  the  c-apilluriuid  of  the  left 
lolie;  MMolher  turns  oJf  lliruufrh  the 
right  l>r:uH-U  ( < ),  atxl,  joininji  tlie 
Moo<l  of  tlie  jioJtMl  Vfiii,  cirt'iilates 
through  tlie  enpill.'ini-s  of  the  riglit 
k)lx* ;  while  tin*  third  passes  iliiet'tly 
oiitvan]  thrott^rU  the  (]iicti)>i  vi'Iiohds 
(ft )  iukIi  rc'jichi's  tlie  hcpiitii-  vpiii  with- 
out hnvin<r  |>a.Hse(l  through  any  part 
of  the  ca|>lUarv  plexu!). 

TJiis  coiKlitiijii  of  the  hcprttic  cir- 
culatioii  coiitinnes  iiiilil  birth.  At 
that  time,  two  iiiijKntaiit  chnn^cs 
take  plaee.  First,  the  plawiital  eir- 
ciihttion  is  cut  otf;  and  secomUv.  a 
liitieU  larger  qiiatitity  of  Itluod  ihtin 
before  Ix'jiiius  to  cireuhite  through  the 
vesaels  of  tlie  lunfj.H  and  the  intestine. 

The  8ii|H*rahnn!latice  of  Idood,  previously  cominj{  from  the  placenta,  is 
now  diverted  U)  the  luiiirs;  while  the  intestinal  canal  becomes  the  sole 
source  of  supply  fur  the  hepatic  venous 
blood.  The  following  cluinyes,  there- 
fore, t.'ike  phice  at  birth  in  the  vessels 
of  the  liver.,  (Fig.  30S.)  First,  the  um- 
bilical vein  Blirivel^  and  beei>mes  con- 
verted into  ft  solid  conl  (  2 ).  This  cord 
may  be  seen,  in  the  adult  condition, 
running  from  the  intenml  snrfnee  fif  tho 
alHlondnal  wnlls,  .st  Ihe  nnilMlieus,  to 
the  longitudin.'d  fissure  of  the  liver.  It 
is  then  known  under  the  name  of  the 
routiil  litjamrnt,  Se<^ondly,  the  ductus 
venosus  .lino  Tn'ooines  oMiterated. 
Thirdly,  the  l»lood  entering  the  liver  by 
tlie  [mortal  vein  ( 1 )  |)a.H.Hes  otf  by  its 
right  branch, as  Itefore,  to  the  right  lobe, 
But  in  ihe  left  branch  ( *  )  the  course  of 
tl»e  blocnl  is  reversed.  This  was  for- 
merly the  right  braneh  of  the  umbilical 
vein,  its  bloo<l  pnsHing  in  a  direction 
from  led  to  right.  It  now  bei-onies  the 
left   branch  of  the  portnl  vein  ;  and  its 

blood  passes  from  right  to  left,  to  be  distributed  to  the  capillary  vessels 
of  the  left  lt»V)e. 

Acconling  to  nu}\  the  umliiHcal  vein  is  comidetely  closed  at  the  end 
)f  the  fifth  dav  aller  birth. 


it;  I 
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Aclnit  form  of  Har  ATIR  Oi  Krn> 
LATio.'^.— I.  Portiil  vtln.  1  OliUtc- 
riiti><l  umbUiriU  vrln,  U>rm\nf  Ihp  mund 
Hicilinpcil ;  the  POhtlnuittldD  r>l  thf*  (Int. 
tnl  llii<*«  tbroitah  thr  llvrr  Khowra  iiie 
■  niiKtlon  of  Ihe  €>hllt»r»tpd  dtirtuii 
«rno*UB.  Z.  HrpAtlc  veiu.  4  Left 
traacb  of  portal  veto. 
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The  Hearty  and  Ductus  Arteriosus. — Wiicn  tb( 
is  firat  established,  tiie  beait  is  a  simple  tubular 
ing  the  veius  at  its  lower  extremity,  and  giving  < 
its  upper  extremity.  In  the  progress  of  growtl 
upon  itseir*,  so  that  the  entrance  of  the  veius  an 
ries  come  to  be  placed  more  nearly  upou  the 
(Fig.  310)  ;  but  the  entrance  of  the  veins  (i) 
below,  while  the  exit  of  the  arteries  ( a  )  is  in  fn 
The  heart  is  then  a  simple  twisted  tube ;  and  th< 
it  in  a  continuous  stream,  turning  u|)oa  itself  at 
and  emerging  by  the  arterial  orifice. 


Fig.  309. 


Fig.  310. 


Enrlleit  form  of  the 
FsTAL  Hbabt.— 1. 
VenouB  extremtty.  3. 
Arterial  extremity. 


FiBTAI.  HXABT,  bent 
upon  itiielt.— 1.  Venous  ex- 
tremity. 2.  ArterlM  extre* 
mlty. 


Soon  afterward,  the  single  cardiac  tube  is  di 
canals,  riijht  aud  left,  by  a  longitudinal  partition 
inner  surface  of  its  walls  and  follows  the  twiste 
itself.  (Fig.  311.)  This  partition,  which  is  indii 
dotted  line,  extends  a  short  distance  into  tlie 
primitive  arterial  trunk,  dividing  it  into  two  late 
is  in  communication  with  the  right  side  of  the  h 
lea. 

The  pulmonary  branches  (s,  s)  are  given   off 

artori.il   tnink  near  its  origin;  and  tlie  longiti 

spoken  of,  is  so  placed  that  both  tiicsc  branches 

and  ai'C  both,  consoquon" 

divisirm  of  the  aitery  v 

the  right  side  of  the  hoai 

Tho  first  portion  of  tl 

divided  into  two  i)ar.illel 

I:ir  curvature,  which  jo 

dislance  beyond  the  ori 

branches.     Tlic  left  latoi 

rial  trunk  is  the  commcnc 

v.-^.,  TT„  tm  ,        while  its  riirht  lateral  di 

r  (BTA  L    HK  A  RT  »tlll  fsr-  ~ 

ther  developed.  -  1.  Aort^.     tlio  pulmonary  artorv  (2 

2    Pulmonary  artery.     3.  3.       f,nd    left    piilinonarv  brai 
Pulmonary     liranchea.      *■       ,  A  ,         '    .    . 

Ductus  arteriosus.  Clvstautc  from  vta  on<TlU. 


Fi<r.  312. 
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Fig.  313. 


Z 


Ha  ART  or  InrAYT,  aliowlof 
tlip  tnodr  of  (lli»|i|M<iirnn<>e  of  the 
arrerlnl  duel  nfter  hirih. —  I.  A<irtii. 
X.  PitlmiMinry  «rlery.  S.  S.  Fuliiia. 
aitry  brmielira.  4.  Uiiclua  arlcrlo- 
ku»  becoming  obliterated. 


pttlmuiinr^'    truitk^i)  vrUi^^h   io  boyond   tbc  origin  of  the  pulmonary 
braui'ltea,  and  whicti  commuuicHtes  iVcvl^*  with  tbu  aorta,  is  tbe  Ductua 

The  ductus  arteriosas  is  at  first  as  lurge  as  the  puluionnry  fruuk 
itsclt';  and  nearly  tbu  whole  of  tUu  blixxl  ooiuing  from  the  riglit  vun* 
trick',  pHi^sus  tbruiigli  tbe  tirtcrtal  duct, 
and  I'liU't's  the  nortu  witliout  going  to  tlio 
lungs.  Hot  us  tlie  lungs  Iwcome  devcl- 
0[»i'd,  the  |ndinotiary  lirKticlics  increase  iu 
proportiou  to  the  pultuoaars  truuk  and  to 
tbeductu.s  arteriosus.  At  the  termination 
of  fiuiiil  IJIV  in  luuu,  the  ductus  ark-riosiiH 
is  alioiit  as  large  uh  eitber  one  of  the  pul- 
moniiry  briitiches  ;  and  n  considerable  por- 
tion of  tiie  l)lood,  tlierefore,  coming  from 
the  right  ventricle,  still  ]i:(SHe8  onn':»rd  t<i 
tlie  aorta  witliout  being  distributed  Ut  the 
lungs. 

Ikit  at  the  period  of  birth,  the  lungis 
enter  upon  the  pv-rforroance  of  tlie  func- 
tion of  respiration,  and  imrae<liately  re- 
quire a  greater  supply  of  blood.  The 
right  and  left  |JUhnonarv  brunches  tlieii  enlarge,  so  as  to  lK»conie  the 
two  princijial  divisions  of  the  pubaoiniry  trunk.  (Fig.  313.)  The  ductus 
Rrteriosim  at  llie  same  time  contracts  to  such  an  extent  that  its  cavity 
is  obliterated;  and  it  is  finally  converted  into  an  imiiervloits  cord, 
which  remains  until  ailult  life,  running  fr<»m  the  point  of  bifurcation  of 
the  pnhuooMry  artery  to  the  under  side  of  I  he  nrch  of  the  norta.  The 
obliteration  of  tlie  arterial  duct  is  complete,  at  latest,  by  the  tenth 
week  after  birth.  ^Guy.) 

The  two  auricles  are  8epnrat.ed  from  the  two  ventricles  by  transverse 
fle)>ta  wliich  grow  from  the  internal  surface  of  the  cardiac  walls;  but 
these  septa  remaining  incomplete,  tlic  auricido-vcntricular  orifice*  con- 
tinue i»ervious,  and  allow  tlie  passage  of  the  blood  from  the  auriclt^  to 
the  ventricles. 

The  interventricular  septum,  or  that  which  pcparates  the  two  ven- 
tricles from  each  other,  is  coinplct<?<l  at  an  early  dale;  but  the  inter- 
nnricular  septum,  nr  that  situated  hotwei-n  the  two  auricles,  remains 
incomplete  for  a  long  time,  Wing  perforated  by  an  oval-shaped  o|Kning, 
the  fnrnnifn  omlr,  allowing,  at  this  situjitton.  a  free  passage  from  the 
right  to  the  lell  .side  of  the  heart.  Tbe  existence  of  the  foramen  ovale 
and  of  the  ductus  arteriosus  gives  rise  to  a  peculiar  crossing  of  the 
streams  of  bbxHl  in  passing  through  the  heart,  which  is  charucteristio 
of  foetul  life,  and  which  m:\\  U*  described  as  follows; 

The  two  venae  cava;  in  the  fcetus  do  not  ofHMi  into  the  right  auricle  on 
the  same  plane  or  in  the  same  direction  ;  for  wliile  the  superior  vena 
cava  is  situated  anteriorly,  and  is  dirocte<l  downw.ird  ami  for««.t*l.^vVv"ie. 
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inferior  is  situatwl  posteriorly,  and  passes  intotlie  auricle  in  a  direction 
from  rigbt  to  left,  trunsversely  to  tLe  axis  of  the  heart.  A  nearly  ver 
tical  ourtuin  or  vsilvi;  nl  llic  saniu  time  projects  l^ebind  tlie  orific**?  of  tbe 
siijwrior  vena  cava  aii«l  in  front  of  the  orifice  of  ilii;  interior.  TIjIb  t-ur- 
tuin  i«  formed  \>y  tUe  lower  and  rigbt  band  edge  of  tbe  se[>luin  of  ilie 
auricie.s,  wbieb,  as  above  nieiilione<i,is  incomplete  at  tbis  time,  and  which 
terminates  inferiorly  and  towanl  ttic  riglit  iu  a  crescentic  liorder,  leaving 
an  oval  opeiiim;,  the  foramen  ovule.  The  stream  of  bloo«l,  coming  from 
tbe  sii[>er]ur  vena  cava,  falls  in  front  of  lliis  curtain,  and  pas^ses  dowjj. 
ward,  throiigli  ihe  aurieulo-ventrieular  orilice,  into  tbe  right  ventricle. 
I5ut  the  iuCerior  vena  cava,  being  farlbor  back  and  directe<l  transversely^ 
opens,  pro]ierly  Hpeaking,  not  into  tlie  right  auricle,  but  into  tb<rlefl; 
for  its  stream  of  IthKni,  fdling  behind  the  curtain  above  nientioned, 
passes  acroHtt,  through  tbe  foramen  ovale,  into  the  cavity  of  the  IvA.  aiiri^ 

ole.     This  direction  of  the  current 
Fig-  314,  of  blood,  coming  from  the  inferior 

vena  cava,  is  further  secured  bv  a 
8piH.'ial  membranous  valve,  «liielj 
exists  at  this  period,  terme<l  the 
Euglachian  valoe.  This  vain*, 
which  is  very  thin  and  transjKirent 
(Kig.  314,/},  is  attacbofl  to  tiio  an- 
terior bonier  of  Ibo  orifice  of  the 
inferior  vena  cava,  and  tenninates 
by  a  crescentic  e<lge,  directed  to- 
ward tlie  lefl ;  thus  standing  tin  an 
Incomplete  membranous  partition 
between  the  cavity  of  tlie  inferior 
vena  cava  and  that  of  the  right 
aiuicle.  A  bougie,  placo<i  in  the 
inferior  vena  cava,  as  shown  in  Fi^. 
314,  lies  quite  beitind  the  En»t«- 
ehian  valve,  and  pasHfs  thron)ili 
the  foramen  ovale,  into  tbe  left 
auricle. 

The  two  stream*  of  Moo^l,  tbeiv* 
fore,  coining  fr<nn  the  superior  aJi4 
interior  venie  cavee,  cross  each  othiT 
upon  entering  the  beHri,  Thi« 
crossing  does  not  take  place  in  tbe 
cavity  of  tbe  rigbt  auricle  ;  but,  owing  tu  the  position  and  direction  of 
the  two  veins,  the  stream  coming  from  the  superior  vena  cava  enti-rs  tlie 
right  auricle,  while  that  from  the  inferior  passes  almost  directly  into 
tbe  left. 

It  also  appears,  from  the  relative  position  of  the  aorta,  pulmonar 
artery,  and  dnetus*  arteriosus,  at  tbi:^  time,  that  the  arteria  innominat 
together  with  the  ktl  catoUd  aud  left,  subclavian  arteries,  are  given  off 


Hkabt  or  Tn«  H^MA^  F'txiu,  nt 
tho  «ni!  of  liiv  »lxth  month  ;  from  a  Rfiooimen 
in  Ihc  nuthor'ii  |>oiicRiion.-Hi.  laferior  VMin 
OAvn.  6.  AiitiiTlor  vena  mvn.  e.  OvUj- of 
the  riRht  Aurlolo,  luld  open  from  the  rronC. 
i.  A|i|>PDilix  aiiriruUrlR.  e.  Unvltj-  of  the 
riKliI  %-entrlclp,  iilta  IaI<]  ojten  /.  EuRtnchiAn 
tbIv«.  The  bougie  which  la  pUced  Id  the  in. 
ferlor  venit  eftvn,  eitii  be  lecn  paccinK  (H-hind 
the  Emtuchl^n  v/<lvc,  Ju»t  below  the  point 
Imllefited  by  /,  then  cromtnK  behind  the 
ciivity  of  the  rlirht  >urli-te,  through  the 
furAmen  ovaU*,  to  tLie  lefr  ilde  uf  the  heart. 
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IIIOgrHIU     u(     llir     I' I  HI    (LA  Till, t 

TBRoran  thb  Kitai  llaAiir. 
—a  Suprrior  rrnn  rnv.v  b.  Infrrwir 
Tenn  cnrit.  e,r,r,r.  Arch  oT  th«  aorlii 
ami  Iti  tirnnrhrt.  4.  Pulmottiktj 
uricry. 


from  the  arch  of  the  aortji,  In^fore  its  juiutioii  with  tlie  ductus  arteriosus ; 
Hiui  tliiti  arraiigi-nieiil  fatises  tlie  bluod  of  tlie  twu  veiie  cavw,  not  u»ly 
to  eiittT  the  lieart  in  «Iiltui«!nt  diivctiuUJi,  but  h\ho  to  Iw  <ii»»trUmle4i,  iiftf  r 
k-aviiig  the  vriitticlcs,  to  tiiHt'reiit  p:trls  of  tlie  bo«ly.  (Kig.  Bio.)  The 
bloixl  of  the  sui»frior  vena  cava  ]i!isst'9 
through  Ihe  right  auricle  tluwnward  into 
thu  right  ventricle,  thence  through  the 
|>u3iiiou)iry  nrt«ry  and  ductiitj  arteriosus, 
into  the  tlinnicic  aorta;  while  the  blood 
of  the  inlerior  vena  cava,  entering  the 
left  auricle,  passes  into  the  left  ventiicle, 
thence  iiitu  the  arch  of  tlie  aorta,  and  is 
distributed  tu  the  licid  and  n|iix3r  extre- 
mities. The  two  Btreams,  therefore,  in, 
]iassit)g  through  the  heart,  cross  each 
other  ImjIIi  behind  mid  in  front.  The 
venous  blood,  returtditg  from  the  he.'id 
and  upper  extremities  by  tiio  8U|)erior 
vena  cava,  ])assc9  through  the  thoracic 
an<l  alHloniinnl  aorta  nrul  the  uinl»ilic:d 
arteries,  to  the  lower  part  of  the  biMly, 
and  to  the  placenta;  while  that  returning 
from  the  placenta,  by  the  inferior  vena 

cava,  is  distribuied  to  tlie  head  nn<l  up|»er  extremitiet),  through  the 
vessels  given  olf  fror.i  Ihe  arch  of  the  aurtu. 

This  division  of  the  direains  of  blonil,  during  a  certain  perio<I  of  ffctal 
life,  is  ho  coniiiiete  that  Ileid,'  on  injecting  the  inferior  vena  cava  with 
red,  and  the  8U|>erior  with  yellow,  in  u  human  f«vtus  of  seven  months, 
found  that  the  red  injeitioii  hail  p.issed  through  the  furauien  ovale  into 
the  left  auricle  and  ventricle  snd  the  arch  of  tlic  aorta,  and  had  filletl 
the  vessels  of  the  hearl  and  upper  extremities ;  while  the  yellow  hod 
passed  into  the  right  ventricle,  pulmonary  artery,  ductus  arteriosus,  ami 
thoracic  aorta,  with  only  a  slight  adndxture  of  red  at  the  |>o»terior  pait 
of  the  right.  anri<-le.  All  the  brnnchcs  of  the  thoracic  and  alidouiinat 
aorta  were  filleil  with  yellow,  while  the  whole  of  the  red  liud  pusbed  tu 
the  upper  part  of  the  bfKly. 

We  have  re|ieated  this  experiment  several  times  on  the  ftetal  pig, 
when  ab4Mit  one-half  and  three-quarter*  grown,  hrst  taking  the  pret  au- 
lion  to  wash  out  the  heart  and  large  vessels  with  a  watery  injection, 
iraraedlately  after  the  removal  of  the  foetus,  and  before  the  blood  had 
lieen  allowed  to  coagulate.  The  injections  used  were  bine  for  the  supe- 
rior vena  cava,  and  yellow  for  the  inferior.  The  two  syringes  were 
managed,  at  the  same  time,  by  the  right  and  left  hands;  their  noizles 
l>eing  held  in  place  by  the  fingers  of  an  assistant.  When  the  points  of 
the  syringes  were  introduced  into  the  veins,  at  equal  distnuces  from  the 
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henrt,  and  tho  two  iujections  made  with  equal  rapidity,  it  was  found 

that  the  itrtuiixtiirL'  of  the  colors  was  so  slight,  that  at  least  ninett-eii- 
twenlieths  ul'  the  yellow  iujeetioii  hail  passe*!  iiilo  the  left  auricle,  and 
iiiiieteeii-twi-ntieUis  of  the  blue  into  the  right.  The  pulinoiiary  artery 
and  iliR-liis  arteriosus  contained  a  sirnilar  proporiiou  of  blue,  and  the 
arch  of  the  aorta  or  yellow.  In  the  thunicic  and  alMlotninal  aorta,  bow- 
over,  there  was  aiwjija  an  admixture  of  the  two  coloi-a,  generally  iu 
about  e<iii;d  proportions.  This  may  be  owing  to  tho  smaller  size  of  the 
head  and  njiper  extrennties  in  the  pig,  aa  compai-eil  with  those  of  the 
hninaii  f(Ptns,  which  would  [jrevent  their  receiving  all  the  blood  conitug 
from  the  left  ventricle;  or  to  some  difference  in  the  manipulation  nf 
these  experinienli*,  in  which  it  is  not  always  easy  to  imitate  cx.sctl 
the  force  and  rapidity  of  the  difterent  currents  of  blooil  iu  the  livjn 
body.  These  results,  however,  leave  no  doubt  of  tho  fact,  that,  up  U> 
an  advanced  stage  of  ftetal  life,  by  far  the  greater  portion  of  the  blood 
coming  from  the  inferior  veoa  cava  passes  liirough  the  foramen  ovalr, 
into  the  left  side  of  the  heart;  white  by  far  the  greater  portion  of  that 
coming  from  the  head  and  up|)er  extremities  passes  into  the  right  side 
of  the  heart,  and  tlience  outwiird  by  the  pulmonary  trunk  and  ductus 
arteriosus.  Toward  the  latter  jioriods  of  gestation,  this  division  of  the 
venous  currents  becomes  less  complete,  owing  to  the  following  causes. 

First,  the  lungs  increasing  in  size,  the  two  pulmonary  arteries,  as  wvll 
as  the  imlinouarj'  veins,  enlarjije  in  proportion;  and  a  greater  quaulil 
of  the  blood  coining  from  the  right  Aentricle,  instead  of  going  onw.ird) 
through  the  tUietua  arteriosus,  passes  to  the  lungs,  and,  returnijig  thence 
by  the  pidmonary  veins  to  the  left  auricle  anil  ventricle,  Joina  the  Btreai% 
])as.sing  out  by  the  arch  of  the  aorta. 

Secondly,  the  Eustachian  valve  diminishes  in  size.  This  valve,  which 
is  %'^ery  large  at  the  end  of  the  sixth  month,  subsequently  becomes 
atrophied  to  sucli  an  extent  that,  at  the  end  of  gestation,  il  has  either 
tlisnppenrei],  or  is  reduced  to  the  coudition  of  a  narrow  membrunoiM 
ridge,  which  can  exert  no  inHuence  on  the  current  of  the  blood.  Thm 
the  cavity  of  the  ijiferior  vena  cava,  at  its  U])per  extremity,  ceases 
be  separated  from  that  of  the  right  auricle;  and  a  passage  of  blood  firom 
one  to  the  other  may  more  readily  take  place. 

Thirdly,  the  foramen  ovale  becomes  jjartially  closed  b}-  a  valve  whi 
passes  across  its  orifice  from  behind  forwartL  This  valve,  which  begioe 
to  l>e  formetl  at  a  very  early  period,  is  the  valve  of  the  foramen  ovale. 
It  consists  of  a  tinn,  fibrous  sheet,  which  grows  from  the  po8t.erior  sur^ 
face  of  the  auricular  cavity,  a  little  to  the  left  of  the  foramen  ovalt-,  and 
projects  into  the  left  auricle,  presenting  a  thin  crescentic  bonier,  au 
taclied,  by  its  two  extremities,  to  the  auricular  sefjtum  upon  the  left 
side.  The  valve  does  not  at  first  interfere  with  the  flow  of  blootl  from 
right  to  left,  since  its  e<lge  hangs  loosely  into  the  cavity  of  the  left 
auricle.     It  only  opposes  regnrgitation  (Vomleft  to  right. 

But  as  gestation  advances,  while  the  walls  of  the  heart  continue  to 
enlarge,  and  its  cavities  expand  in  every  direction,  the  fibrous  bundles, 
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forming  the  valve,  do  not  elongate  in  proportion.  The  valve,  accord- 
ingly, l*ecoiiied  drawn  downward  more  closely  toward  the  foramen  ovale. 
It  thus  comes  in  contact  with  the  edges  of  the  inter-anricuhir  soptum, 
and  unites  with  its  suIihUuk-o  ;  the  julhesioii  taking;  place  fust  at  the 
lower  ami  posterior  pitrtioii,  uud  proeee<ling  grailuully  upward  and  for- 
ward, so  that  the  passage  from  the  right  auiiule  to  the  left  becomes  con- 
stun  tly  moro  oblique  in  direction. 

At  the  same  time  there  is  an  alteration  in  the  jwsition  of  the  inferior 
vena  cav:i.  This  vessel,  which  at  lirat  looked  transversely  toward  the 
foramen  ovale,  Itccomes  directed  more  obliquely  forward ;  and  thus,  the 
Kusliichian  valve  having  nearly  disap|wared,  a  pait  of  the  bloml  of  the 
infuiior  vena  cava  eiileis  the  right  auricle,  while  the  renuiinder  still 
passes  Miroiigh  the  eipr.dly  oblique  opening  of  the  foramen  ovale. 

At  birtli  a  change  lakes  place,  by  which  the  foramen  ovale  is  com- 
pletely occhide<l,  and  all  the  blood  coming  through  the  inferior  vena 
cava  is  turned  into  the  rigiit  auricle. 

The  change  depemls  upon  the  commencement  of  rospimtion.  When 
this  occurs,  a  much  larger  quantity  of  blood  is  sent  to  the  lungs,  and 
of  course  returns  fi'om  them  to  the  left  auricle.  The  left  auricle, 
being  thus  filled  with  Mootl  from  the  lungs,  no  longer  admits  the 
entranecofa  further  quan lily  from  the  right  auricle  through  tlie  fora- 
men ovale;  and  the  valve  of  the  foramen,  pressed  backwanl  against  the 
edges  of  the  septum,  becomes  nf\cr  a  time  adherent  throughout,  and 
thus  obliterates  the  opening.  The  cutting  olf  of  the  placental  circula- 
tion ditiiiiiishcs  at  the  same  time  the  quantity  of  bloo*l  arriving  at  the 
heart  by  the  inferior  vena  cava.  It  is  evi«lent  that  Uie  same  quantity 
of  blood  which  pivviously  returned  from  the  placenta  by  the  inferior 
vena  cava  on  the  right  side  of  the  inter-auricular  septum,  now  returns 
from  the  lungs,  \>y  the  pulraonarj'  veins,  upon  the  led  side  of  llie  same 
septum  ;  and  it  is  owing  to  nil  these  circumstances  combine<l,  tiiat,  while 
before  birth  a  portion  of  the  blootl  always  passed  fr^)m  the  right  auricle 
to  the  left,  titrough  tlie  foramen  ovale,  no  such  passage  takes  place  alter 
birth,  since  the  pressure  is  then  equal  on  both  sides  of  the  auricidar 
septum. 

The  ffetal  circulation  is  then  replace«l  by  the  adult  circulation,  repre- 
sented in  Fig.  31C. 

That  portion  of  the  inter-auricidar  sejjtum,  originally  occU|»ied  by  the 
foramen  o\ale,  is  accordmgly  constituted,  in  the  a<lult  condition,  hy  the 
valve  of  the  foramen  ovale,  which  has  l>ecome  adherent  to  the  etlgett  of 
the  septum.  The  se)>tum  in  the  adult  heart  is,  therefore,  thinner  at  this 
spot  than  elsewhere  ;  and  presents,  on  the  side  of  the  right  auricle,  an 
oval  depression,  termetl  the /o#»a  ooa/iti,  which  indicates  the  site  of  Uie 
original  foramen  ovale.  The  fossa  oralis  is  surrounded  by  a  slightly 
raised  ring,  the  anvvhtu  noali"*,  representing  the  curvilinear. etlge  of  the 
original  inter-auricular  septnin. 

The  foramen  ovale  is  sometimes  completely  obliterated  within  a  few 
days  after  birth,  but  often  remains  partially  pervious  for  several  we«skA 
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or  months.  Wc  have  a  Bpetimen,  taken  from  a  child  one  year  ajwl  uin« 
moiitlia  oM,  in  winch  tUe  opening  is  still  very  distinct ;  an<l  it  is  not 
uiii'reqnent  to  lia<l  a  siuall  aijeiture  existing  even  in  adult  liCu.     la  these 

Fig.  316, 


IilHRrsm  of  the  Auult  (;i«iCLATin»  THBoron  Till  Hk  art. — a,  a.  Sup#nor  "oi 
Inferior  vrnic  cuvn?.  6.  Rlf^ht  ventrlolp.  c.  Pnlmonnry  irtfry,  illvlUing'  lalo  right  aMl  Irit 
hmnchci,    d    Puluionnry  vein.    (.   Left  venfrlc Ic    /   Aorfn. 


instances,  althonglj  the  nrlhcsion  {iiid  soli. Tifical ion  of  the  intor-ntiriculnr 
septum  may  not  be  coni|tlete,  yet  no  ndmixtnre  of  blood  takes  place 
Itetweeu  the  ripht  nm\  left  si(ies  of  the  hcirt;  since  tlie  direction  of  the 
passage  is  always  very  <jhltque,  nncl  its  vnlviilar  arraneement  prevents 
any  regurgitation  from  left,  to  rigltt.  The  complete  fUlhig  of  tlie  left 
auricle  with  mtcrifll  liloml,  letuniinp  from  tlie  linisfs,  also  oppoM>s  8 
complete  obstacle  to  tbu  entrauuti  uf  venous  bioud  from  tUe  right 
auricle. 


CUAPTER   XyiII< 


DEVELOPMENT    OF    TUE    BODY  AFTER    BIRTH. 


Tre  Dewly-born  infuDt  is  still  far  from  having  arrived  nt  a  state  of 
complete  dovelopment.  TL«  cliaiiges  through  which  it  has  pitMSMi  Miiile 
in  the  tVetal  coinlitiou  are  followetl  by  oIIkts  during  the  periods  of 
infancy,  childhood,  and  adolescence.  The  anatomy  of  the  organs,  both 
internjd  and  extenwd,  their  physiologieal  functions,  and  even  the  morbid 
dcraiigeinents  to  wliicli  ihey  are  suliji'ct,  continue  to  undergo  gradiud 
and  progressive  alterations,  tiiroughout  the  entire  course  of  sulksei^uent 
life.  The  history  of  <levelopiuent  extends,  properly  speaking,  from  the 
earliest  organization  of  the  embryonic  tissues  to  the  complete  formation 
of  the  adult  both'.  The  ]xfriotl  of  birth  marks  only  a  single  epoch  in  a 
constant  seriea  of  changes,  bona*  of  which  have  preceded,  while  many 
Others  are  to  follow. 

The  weight  of  the  newly-born  infant  is  about  seven  pounds.  The 
midille  ]><»iiit  of  the  body  is  m-firly  at  the  umbilicus,  the  head  and  upper 
exlTLUiities  being  still  large,  in  proportion  to  the  lower  extremities  and 
tiie  pelvis.  The  abdomen  is  larger  and  the  chest  smaller,  in  propoition, 
than  in  the  adult.  The  lower  extremities  are  still  parl.i;dly  curved  in- 
ward, so  tliat  the  soles  of  the  feet  look  obliquely  toward  esieh  t/thcr, 
instead  of  btitig  ilirected  horizontally  downward,  as  at  a  subsequent 
|>ericKl.  Rotli  the  arms  and  the  legs  are  curle<)  npwanl  and  forwani 
over  the  chest  and  the  ivbdomen,  and  all  the  joints  are  in  a  semi-llexed 
position. 

The  process  of  respiration  is  im]>erfeelly  jxTformed  for  some  time 
after  birth.  The  expansi(m  of  the  pulmonary  vesicles,  and  the  changes 
in  the  circulatory  apparatus  which  take  |>lace  at  the  time  of  birth,  far 
from  bring  instantaneous,  are  always  mnrc  or  less  gradual  in  character, 
ami  require  an  interval  of  several  d;iys  for  their  completion.  Ht-spira- 
lion  seems  to  be  accomplished,  during  this  perio<i,  to  a  considerable  ex- 
tent throO}{h  the  skin,  which  is  remarkably  soft,  vascular,  arid  rud<ly. 
The  animal  heat  is  less  actively  generi»t*>«l  than  in  the  adult,  mid  re- 
quiivs  to  be  sustained  by  careful  protection,  and  by  contact  with  the 
body  of  the  mother.  The  young  iidant  sleeps  during  the  greater  part, 
of  the  time;  and  even  when  awake  exhibits  comparatively  few  mani- 
festations of  intelligence  or  perception.  The  spet'ial  senses  of  sight 
and  hearing  are  dull  and  inexcita'We,  and  even  consciousness  seems 
present  only  to  a  limited  extent.     VoUmtarv  mo\,\oTv  v^^  %v'an>?».'C\«w  ^x^ 
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nearly  absent ;  aiid  the  almost  coutitant  irregular  luovements  of  the 
limbs,  observable  at  this  time,  are  mainly  automatic  Nearly  all  Uic 
nervous  phenumiiiui  i^resientetl  by  the.  uewl^'-born  iutant,  are  of  a  similar 
nature.  The  motions  of  ils  haiuls  itnd  feet,  the  act  of  siiekliiig,  and  even 
its  cries  :tt)ii  tlie  eoiiturlioiis  ul' its  face,  are  rellex  iu  their  origin,  and  ilo 
not  indicate  the  eiisteiiee  of  active  vuUtton,  or  distinct  peiveption  <>r 
external  objects.  There  is  at  Grst  but  little  nervous  connection  with 
the  external  world,  a»d  the  system  is  ulinust  exclusively  occupied  wilii 
the  functions  of  nutrition  nud  respiration. 

The  dttTcrence  in  organization  between  the  newly-])orn  infant  and 
the  adtilt  may  be  represented,  to  some  extent,  by  the  following  list, 
Trhich  gives  tlie  relative  weight  of  the  most  important  internal  organs 
at  the  period  of  biitli  and  in  luhdt  ai|;e ;  the  wiM<;bt  of  the  entire  iKwIjpJ 
being  reckone*!,  in  each  ease,  as  1 1)00.  The  relative  weight  of  the  adult" 
organs  has  been  ealcnlated  from  the  estimates  of  Cruveilhier,  Solly,  and 
Wilson,  that  of  the  organs  in  tlie  fuetus  at  term  from  our  own  observa- 
tions. 


FratuB  nt  term. 

Adult 

entire  body 

.       KWOOIl 

1000-00 

etiffphuloii 

14H.no 

23.U0 

liver 

37.00 

2y.«M) 

hnart 

7.77 

4.17 

kidneys    . 

6.00 

4.00 

Hiipra-reiisil  cajvsidee 

1.03 

0.13 

thyroid  ghiml  . 

0.60 

0.51 

thymus  glunil  . 

3.00 

0.00 

It  appears  tlmt  most  of  the  internal  organs  diminish  in  relative  size 
after  birth,  owing  i>rincij)ally  to  ibe  iiiereased  development  of  the  osse>l 
ous  and  mnsfniiir  systems,  lioth  of  wliicli  are  in  an  imperfect  coniHtion 
throngliout  inlra-uterinc  life,  Imt  come  into  activity  during  cliiidbood 
and  youth. 

Tlie  reiiiidns  ofthe  iimbilinal  conl  begin  to  wither  within  the  first  day 
after  biilii,  and  become  eomplcti-ly  dcsiceatotl  by  ahout  the  thir<i  d:iy. 
A  superficial  idi^eraliim  tln^n  tuki-s  place  at  tlie  point  of  its  attaebmenl, 
and  it  is  separated  and  thrrvwn  off  within  the  first  week,  After  tlie 
separation  of  the  cord,  the  umbilicus  becomes  completely  cicatrized  by 
tlie  tenth  or  tweirtli  day.  ('^"y.) 

An  exfolirttiun  and  renovation  of  tbeentiele  take  jilac*  over  the  whole 
body  soon  after  birtii.  Acconling  to  Kolliker,  the  e3-ela.shGa,  and  pro- 
bably all  the  hairs  of  Ibo  boily  and  head,  are  tlii'owu  olf  and  replaceil 
by  new  ones  within  the  tirst  year. 

The  teeth  in  the  newly-borti  infant  are  but  partially  develoit«<l,  being 
still  inclosed  in  their  follicles  and  concL-ak'd  beneath  the  gutns.  They 
are  twenty  in  number,  namely,  two  incisor,  one  canine,  and  two  molar 
teeth  on  each  side  o^f  t':iili  jaw.  At  birth  there  is  a  thin  layer  of  den- 
tine and  enamel  covcHug  their  ti[vper  surfaces,  but  the  \hk\y  ofthe  t,<K»th 
ami  its  fangs  are  formed  subsequently  by  progressive  elongation  aud 


-foriue<i  teeth  emerge  from  tin- 
l^nis  III  the  lolJuwing  unler.  1  Lie  eeniral  iiieii^urs  in  the  seveuth  month 
after  birth  ;  the  lateiul  inei^iors  iu  the  eighth  month  ;  the  anterior  molurs 
at  the  eml  of  the  lirbt  year;  the  ciinines  at  a  year  and  a  hiilf;  aiitl  tiie 
Heeoiul  nixilars*  at  two  years  (Kolliker).  The  eni|)tioii  of  the  teeth  in 
the  low*T  jaw  geuerall>  i)recedes  Ijy  a  sliort  time  tliat  of  the  correspond- 
ing teeth  in  the  uppt-r  jaw. 

During  the  seventh  year  a  change  )>egins  to  take  place  by  wliich  tlie 
flrnt  set  of  teeth  art:  ttirown  oil' and  tfj>hiee<l  by  tlie  sceon<l  or  permanent 
het,  which  are  ilillerent  in  niitnlH:!-,  .size,  and  shape  ('nun  the  preeeiling. 
The  anterior  permanent  molar  tooth  first  bhows  itself  just  behind  the 
posterior  temporary  molar,  on  each  side.  This  happens  at  about  six 
and  a  half  yearn  after  birth.  At  the  end  of  the  seventh  year  the  luitUlle 
incisors  are  thrown  otl"  and  replaced  by  corresp«nnling  jK-rmanent  teeth, 
of  hirger  size.  At  the  eighth  year  a  similar  exchange  takes  [daee  in  the 
lateral  ineisors.  In  the  ninth  ami  tenth  years,  the  anterior  and  second 
iDoltirs  are  n'plaeed  by  tlie  anterior  nnfl  second  permanent  bicuspid 
leeth.  In  the  twi'lt^h  year,  the  caiune  teeth  are  changed.  In  the  thir- 
teenth year  the  secitnd  permanent  molara  show  themselves;  and  from 
the  seventeenth  to  the  twenty-first  year,  the  thirrl  molars,  or  "  wisdom 
ti*ctl»,"  emerge  from  the  gums,  at  tlie  posterior  e.\treniitien  of  the  d<'ntal 
arch.  (Wilson.)  The  jaw,  therefore,  in  the  adult  condition,  contain!! 
three  leeth  on  eacli  sitle  more  than  in  childhoo«l,  making  in  all  thirty- 
two  permanent  teeth ;  namely,  on  each  side,  above  and  below,  two 
incisora,  one  cfininc,  two  bicnjipids,  and  three  |x'rraanent  molars. 

The  generative  a|iparatu.s,  which  is  Btill  inactive  at  biilli,  U^gins  to 
enter  upon  a  condition  of  functional  activity  from  the  fifteenth  to  the 
twentieth  year.  The  entire  configuration  of  the  bo<ly  alters  at  this 
perio<l,  and  the  distinction  lietwoen  the  sexes  becomes  more  mnrkeil. 
The  lieard  is  developed  in  tin'  male;  nn<l  in  the  female  the  br<-at?ts  as- 
sume the  size  and  form  characteristic  of  the  condition  of  puberty.  The 
voice,  which  is  shrill  and  sharji  in  infancy  nnd  childhood,  becomes  deeper 
in  tone,  and  the  coiintt-nanee  assumes  a  more  setlate  expression.  After 
this  periwi,  the  muscular  sysU-m  incrca.sps  still  fnrtln-r  in  size  and 
strength,  and  the  consolidation  of  the  skeleton  also  coniitiues  ;  the  bony 
union  of  its  various  parts  not  l>eing  entirely  .nceomplished  nntil  the 
twenty-fifth  or  thirtieth  year.  Finally,  all  the  different  organs  of  the 
btMly  arrive  at  the  adult  condition,  and  lb©  entire  process  of  develop- 
ment is  then  com]»lete. 
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A  BDOMEN,  moTPment  of,  in  iimpira- 
i\         tion,  27t) 
AbilotninnI  plHt«!i,  725 
Abdominal  pregiiiiiicy,  711 
Alxlnininal  renpiratiun,  276 
Ahduc«nH  nerve,  .^SS 
Absorption,  IKH 

by  blootlveHHels,  194 

bv  laclealH,  liHJ 

of  fat,  192 

of  liquids  by  animal  Mubstances,  359, 
365 

of  oxygen  in  respiration,  2Kl 
AhKorption-bandH,  207 
Accommodation,  of  the  eye,  for  vision  at 

ditferent  distances,  029 
Acid,  carbonic,  (JO,  128,  129,  130,  283,  296, 
744 

lactic,  118,  158 

cholic,  104,  10.1 

glycocholic,  104 

taurocholic,  lOS 

hippuric,  111 

meconic,  142 

oxalic,  3!»;» 

uric.  111,  38S 

pliosphoric,  51 
Acid  ami  alkaline  animal  flniilH,  00 
Acid  fermentation  of  urine,  393 
Acidity,  of  gastric  juice,  138 

of  urine,  382 
Action  of  arrest,  .168,  .171 
Adipose  tissue,  72 

digestion  of,  168,  188 
Adult  circulation,  32(1,  794 

establishment  of,  K07 
Air,  ({uantity  of,  used  in  respiration,  280 

alterations  of,  in  respiration,  280 
Air-cells,  of  lungs,  274 
Air-cliaiulN^r,  in  fowl's  egg,  691 
Ala  cinerea,  506,  &.'>? 
Albumen,  h6 

vegetable,  87 

in  millc,  118 

in  saliva,  141 

in  the  bloiNl,  25!) 

in  urine,  385,  ."UtU 

of  the  egg,  how  pro<luceit,  690,  721 
Albnminose,  87,  Kio 

priHiuced  in  digestion,  160,  168 

in  tlie  blontl-plasm.a,  2W» 

intiTference  with  Trommer's  test,  87 

with  itHline-test  for  starch,  88 
Albuminous  matters,  79 
Alimentary  canal,  131 

development  of,  727,  775 
Alkalies,  ertVct  of,  on  urine,  386 
Alkaline  carbonates,  51 


Alkaline  flnids,  of  the  animal  system,  50 
Alkaline  phosphates,  49 
Alkaline  fermentation,  of  the  urine,  394 
Alkalescence,  of  the  blood,  50,  51,  260 
Allantois,  739 

formation  of,  741 

in  fowl's  egg,  742 

function  of,  743 

in  fcBt^l  pig,  7.'>5 
Ammonio-magnesian  phosphate,  in  de- 
composing urine,  395 
Ammonium  carbonate,  in  decomposing 

urine,  394 
Amnion,  7^ 

formation  of,  740 

enlargement  of,  745 

contact  of,  with  chorion,  746 
Amniotic  fluid,  74(> 
Amniotic  folds,  746 
Amoeba,  265 
Amoeba  princeps,  256 
Amceboid  movements  of  white  globules 

of  the  blood,  255,  256 
Arophioxus,  251 
Aniphiuma  tridactylum,  blood-globules 

of,  252 
Ampulla,  of  the  semi-circular  canals,  656 
Analysis,  of  animal  tluids,  .'i5,  .'{6 
Animal  charcoal,  as  a  decoloriier,  94 
Animal  functions,  25 
Animal  heat,  300 

quantity  of,  prodare<1,  302 

mode  of  generation  of,  :  05 

normal  variations  of,  303 

local  production  of,  307 
Animalcules,  infusorial,  676 
Annulus  ovalis,  807 
Anterior  columns  of  spinal  coni,  435,445, 

460 
Anterior  pyramids,  4^8 
Anus,  formation  of.  7'.:7,  779 

imperforate,  776 
Aorta,  development  of,  796 
Aphasia,  486 

Appetite,  disturbed  by  anxiety,  171 
Atiuatic  respiration,  'J72 
Aqueous  humor,  612 
Arlior  vitffi  uterina,  6S(3 
Arch  of  aorta,  formation  of,  796 
Arches,  cervical,  795 
Area  pellncida,  724 
Area  vascul«»sa,  742 
Arrest,  actiim  of,  5«»,  571 
Arteries,  .%10 

pulsation  of,  331 

movement  of  blood  in,  .130,  338 

omphalo-mesenteric,  79J 

vertebral,  7•Ji,';^» 


814 


INDEX. 


Art<>iieH,  umbilical,  793 
Art«rial  iirehHure,  XiH 
Arterial  8y8tein,  330 

(levelopment  of,  7S5 
Articulatiun,  couditiona  of,  480,  iOO,  M5, 

579 
Arytenoid  cartilages,  278 
AHplij-xia,  :;81 
Aiuxia,  locomotor,  4(36 
Attitude,  4G4 
Auditory  apparatiiH,  &19 
Auditory  nerve,  551 
Auditory  hairs,  666 
Auriculo-veiitricnlar  valvos,  320 
Axiti  cylinder,  403 
Azygou8  veins,  formation  uf,  799 


BACTERIUM  TERMO,  83,  680 
Batrachiaus,  red  bloo«I-globules  of, 
252 
Bile,  201 

physical  characters  of,  'ZOS 

spectrum  of,  207 

composition  of,  211 

quantity  of,  218,  219 

reactions  of,  with  gastric  Juice,  159, 
222 

functions  of,  2*21 

alteration  and  reabsorption  of,  in  in- 
testine, 220,  223 

secrctii>n  of,  in  the  fcetus,  777 
Bile-t«8t,  Omelin's,  9S 
Biliary  matters,  in  urine,  388 
Biliary  salts,  106,  211 
Bilifiilvine.  H8 
Bilipliaiinis  98 
Biliniliinc,  9H,  200 
Biliverdino,  !)8,  LOfi 
Binocular  vision,  037 
Bladder,  nrinary,  closui-e  andevacnation 
of,  468 

formation  of,  in  foetus,  779 
Blastoderm,  723,  7;W 

folds  of  the,  731 
Blind  8])ot,  of  the  retina,  620 
Bloud,  243 

roil  globules  of,  243 

spectrum  of,  248,  1:60 

diacnosis  of,  'IKi 

white  globules  of,  2'4 

plasma,  257 

coagulation  of,  2G0 

quantity  of,  2«7 

alterations  of,  in  respiration,  293 

temperature  of,  300,  :'.08 

cooling  of,  ill  lungs  and  skin,  308 

circulation  of,  318 

occurrence  of,  in  the,  urine,  302 
Blood-.stains.  recognition  of,  263 
Bones,  composition  «>f,  45 

ossitlcation  of,  45,  773 

of  the  middle  ear,  ti.'.0 
Brain,  of  rei)tile,  436 

of  bird,  437 

of  (iiiadruped,  437 

of  man,  433,  441.  -71 

fissures  and  convolutions  of,  472 

rapidity  of  nervous  action  in,  4.'M» 

remarkable  cases  of  injurv  to,  479 

of  idiots,  481 

developmtut  of,  IG^ 


Branchiie,  272 

Bread,  119 

Broad  ligaments,  of  uteruH,  formation  of; 

789 
Broucbi,  division  of,  '27A 
Bronchial  toben,  aliimate,  273 
Brunner's  ghrads,  IKO 
Butter,  119 
Butyrine,  119 


CA17AL.  metlullary,  725,  736,  769 
Canal  of  Scblemm,  609 
Canals,  semicircular,  656 

of  Cnvier,  797 
Cane  sugar.  67 
Capillary  bloMlvessela,  343 

inoeculatioa  of,  345 

motion  of  blo<id  in,  346 
Capillary  circnlation,  .H43 

causes  of,  348 

rapidity  of,  349 

local  variatioiiH  in,  351 

peculiarities    of,    iu   ciiflcrent  nirfs, 
363 
Capsule,  internal,  475 

external,  476 
Caput  coli,  formation  of,  776 
Carbo-hydrateti,  56 
Carbonate,  lime,  46 

aminoninm,   ia    decompoidng  nrinr, 
394 
Carbonates,  alkaline,  51 
Carbonic  acid,  60, 128, 1:19,  ISO,  283, 287.91 

in  the  breath,  283 

in  the  bloo<1,  296 

origin  of,  297 

mc^e  of  prodnction  of,  298 

daily  quantity  of,  283 

exhaled  by  the  akin,  286 

by  the  egg,  during  incnbatinn,  744 

alisorlMMl  by  vegetablcM,  60.  i;n.  -.TO 
Cardiac  circulation,  in  adult,  32i>  MW 

in  the  foBtus,  803 
Carnivorous  animals,  reRpirntion  of,  2rt 

urine  of,  62,  112 
Carotid  arteries,  formation  of,  7115 
C  a  seine,  88 
Catalytic  action.  81 
Catoptric  images,  in  the  eye,  632 
Cellulose,  of  starch,  56 
Centre,  nervous,  definition  of,  415 
Cereal  grains,  composition  of,  1:9 
Cerebellum.  493 

effects  of  injury  to,  494 

function  of,  49$» 

development  of.  770 
Cerebral  ganglia,  4.'?7,  47*;,  4C1 
(.'erehral  vesicles,  7oy 
Ccrebiine,  103 
Ccrebro-spinal  system,  432 

(leveloi)mei>t  of,  76U 
Cerebrnin,  471 

deveh»pnient  of,  77t» 
Cervical  arches,  795 
Cervical  fissures.  7KO 
Cervix  uteri,  693 

ill  the  foetiis,  789 
Chalaza^,  of  fowl's  epo;    GJH) 
Cheese,  118 

Chest,  movements  of,  in  respiration,  2J« 
C\\\^«.uv.v,  ot  ovtic  nerves,  516 
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Ohick,  tlevelopment  of,  729- 
Cliloritle,  puiHHKiuin,  W,  384 
(/liloriile,  8<Hliuni,  47,  'Mi 
Cliloropbylle,  lol 
Cliolepyrrliine,  98 
OholeHierine,  7ft 
Chondrine,  91 

Chorda  don«!ili8,  725,  7U,  ::i6,  772 
Cliunlii  tyrnp<iiii,  549 

influence  of,  on   circiiliiiiun  in  nub- 
mnxillary  k'-'^'k'*  ^^ 

on  the  iienne  of  taHte,  5o0 
CLordro  vociiles,  movement  of,  in  respira- 
tl(m,  L'77 

action  of,  in  vocalization,  569 

otiHtriictioii  of  fslottiH  liy,  after  section 
of  tlif)  pneumoga8tric  nerves,  563 
Chorion,  746 

villositieH  of,  747 

Hoiirce  of  vaHcnInrity  of,  748 

union  of,  witli  decidna,  763 
Olioroid  coat,  of  the  eye,  610 
Cli.vle,  73,  192,  367 

alworption  of,  1!)2 

in  the  lactealH,  197 

in  tlie  bloo4l,  199 
Cliyme,  169 
Cii-.-ilri<;iil»,  689,  729 

segmentation  of,  730 
Ciliary  m uncle,  (ilO,  6:;4 
Ciliary  nerves,  683 
•Jirouiation,  3iK 

in  ttie  heart,  318 

in  the  arteries,  330 

in  the  veins,  MO 

in  the  capillaries,  343 

riipidjty  of,  350 

local  variations  of,  351 

pecniiarities  of,  in  diflV-rent  parts,  353 

placental.  759,  793 

vitelline,  791 

adult,  7i^ 
Circulatory  apparatus,  318 

development  of,  791  | 

Claustrum,  476  , 

Clot,  formation  of.  262 
Coagulation,  81 

of  fllirine,  81,  80,  258  i 

of  albumen,  86  i 

of  mills,  118  I 

of  pancreatine.  175  ' 

of  ptyaline,  141,  142 

of  lihxNl,  26U 
Cochlea,  660 
Cold,  resistance  to,  by  animals,  300,  314 

effect  of,  when  long  continued,  312 
Coll.igen,  91 
Coloring  matters,  91 

of  the  hlo<Ml,  95 

of  the  skin,  97 

of  bile,  98,  9<>,  20(5 

of  urine,  99 

of  the  corpus  luteum,  100 

of  green  plants,  101 
ComniisHure.   gray,  of  the  spinal  cord, 
436 

whit4>,  of  the  spinal  cord,  4:(5,  445 

transverse,  of  the  cerebrum,  477 

of  thecerebellnin,  494,  500 
Composition,  of  Febling's  liquor,  64 

of  different  articles  of  fiwHl,  118 

of  the  daily  ration  of  food,  126 


Composition,  of  saliva,  141 

of  human  parotid  saliva,  144 

of  gastric  juice,  167 

of  pancreiUic  juice,  173 

of  intestinal  juice,  183 

of  bile,  211 

of  the  re<i  blood-globules,  247 

of  blood-plasma,  267 

of  cutaneous  perspiration,  316 

of  lymph,  :)67 

of  lymph  and  chyle,  369 

of  the  urine,  378 
.  Congenital  diaphragmatic  hernia,  V7d 
Congenital  inguinal  hernia,  7^8 
Congenital  umbilical  hernia.  777 
Contraction,  of  stomach  durin(,  digestion, 
167 

of  the  blootl-cU.t,  261  • 

of   the    diaphragm    and    intercostal 
muscles  in  resjiiration,  S75 

of  the  posterior  crico-arytenoid  mus- 
cles, 278 

of  the  ventricles  of  thw  !ienrt,  324 

of  the  muscles  after  de-ith,  419 

of  the  sphincter  anl,  4o7 

of  the  rectum,  44>7 

of  the  urinary  bladder,  468 

of  the  pupil,  under  the  influence  tf 
light,  4U(>,  618,  624,  611,  634 
Convolutions,  of  the  human  brain,  475 
Cooking,  efi'ect  of,  on  albuminous  mi.ttera, 
82 

on  meat,  121 

on  vegetables,  123 
Cord,  spinal,  43.3,  443 

umbilical,  763 
Cornea,  «509 

Corpora  striata,  437,  476 
Corpora  WoliSana,  7?4 
Corpus  callosum,  47" 
Corpus  dentatum,  493 
Corpus  geniculatum,  intemuii<  kuJ  ox- 

ternum,  516 
Corpus  luteum,  713 

of  menstruation,  713 

of  pregnancy,  717 
Corti,  organ  of,  '662 
Cranial  nerves,  611 

class!  flcation  of,  613 

general  arrangement  an.l  origin  of 
679 
Creatine,  106 
Creatinine,  107,  382 
Cremaster  muscle,  787 
Crossed  action,  of  spinal  cord,  464 

of  optic  nerves,  621 

of  optic  tul)ercles,  622 

of  the  oculomotorius  nerves.  623 

of  the  facial  ner^'es,  646 
Crossing,  of  fibres  in  medulla  oblongata, 
4;{9,  4.V> 

of  sensitive  fibres  in  spinal  cord,  465 

of  fibres  of  optic  nerves,  616 

of  streams  of  blood  in  the  foetat  heart. 
803 
Crystalline  lens,  613 
CryStallizable  nitrogenous  matters,  102 
Crystals,  of  stearine,  70 

of  palmitine,  71 

of  cholesterine,  77 

of  soilium  glycocholate,  105 

oi  sodium  taurovholuktte^  V<if& 
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Cryatalfi,  of  biliary  matters,  from  ■mKlI 
int«Htine,  217 

of  creatine,  1U7 

of  creatinine,  107 

of  area,  109 

of  Bodinm  urat«,  382 

of  uric  acid,  385 

of  lime  oxalate,  394 

of   auiiDonio-uiagueMian   phosphate 
306 
CnmnluB  prollgernn,  706 
Cupola,  of  the  coclilea,  66r> 
Cuticle,  exfoliation  of,  after  birtb,  810 
Cuvicr,  canalH  of,  797 
Cysticercoit  vellaloaiB,  673 


DEATH,  a  necesaary  couBeqnenc«  of 
life,  668 
Decidua,  7S0 

vera,  781 

reflexa,  751 

anion  of,  with  chorion,  7S3 

vera  and  retiuxa,  contact  of,  765 
DeouHitation.  of  cerebro-apinal  oerve  fl- 
Itren,  433 

of  anterior  oolamns  of  spinal  cord, 
444,440 

of  anterior  pyramids,  439,  404,  603 

of  sensitive  fibres  in  the  spinal  cord, 
400 

of  optic  nerves,  440,  019 

of  the  patheticus  nerves,  025 

of  the  facial  nerves,  046 
Degeneration,  fatty,  of  the  decidua,  766 

of  the  aterine  muscular  fibres,  at^er 
«ielivery,  767 
Deglutition,  151,  508,  079 

retarded  by  division  of  Steno's  duct, 
14H 

refiex  action  of,  008,  065,  566 
Dentition,  first,  810 

second,  811 
Deposits,  iu  tlie  urine,  390 
Descent,  of  the  testicles,  786 

of  the  ovaries,  788 
Development,   of  the  impregnated  egg, 
721,  740 

of  allantois,  740,  741 

of  chorion,  74(5 

of  decidua,  7'»0 

of  placenta,  71)3 

of  lUTVons  system,  750 

of  eye,  771 

of  ear,  772 

of  skeleton,  772 

of  limbs,  77;J 

of  integument,  774 

of  alimentary  canal,  770 

of  nrinary  passages,  779 

of  liver,  778 

of  facH,  7«0 

Of  Wolffian  bodies,  784 

of  kidneys,  7H5 

of  internal  organs  of  generation,  785 

of  circulatory  apparatus,  791 

of  arterial  system,  795 

of  venous  system,  7S>7 

of  hepatic  cin^dation,  799 

of  the  heart.  802 

of  the  Ixidy  after  birth,  809 
Dextrine,  69 


Diabetes,  243 

in  the  foetus,  778 
Diaphragm,  action  of,  27ff 

formation  of,  779 
Diaphragmatlo  herni»,  oongeniial,  TS9 
;  Diagnosis,  of  blood,  203 
'  Diastase,  09, 142 
Dichroism,  of  bile,  206 
Dicrotic  pulse,  330 
Diet,  influence  of,  on  nnttition,  116 

on  the  prodacts  of  re»pirHtion,  3^6 

on  formation  of  urea,  110 

on  formation  of  sodium  aimte.  111 
Digestion,  131 

of  starch,  60,  140,  160,  175 

of  fats,  168,  176 

of  sugar,  184 

of  albnminnaa  matters,  160,  168, 177 

of  meat,  168 

of  milk,  169    . 

of  vegetable  tissa(>(i,  189 

time  required  fur,  17U 
Digestive  apparatus,  of  fowl,  132 

of  ox,  133 

of  man,  134 
Dilator  pupillse,  611 
Direct  and  indirect  vision,  ^8 
Discus  proligerus,  706 
Distance  and  solidity,  appreciation  of,  6W 
Diurnal  variation,  in  exhalation  of  car- 
bonic add,  28S 

in  prOducUon  of  urva,  109 

in  density  and  aci<lity  of  thearine  376 
Dorsal  plates,  724,  7S2 
Double  vision,  630,  (i40 
Ductus  arteriosus,  802,  803 
Ductns  cochlearis,  061 
Ductus  venosus,  799,  800 
j  Duodenal  fistula,  217 
I  l)uo<lenaI  glands,  180 
I  Duration,  of  luminous  impulaea  necessarv 
for  sight,  644 

of  musical  sounds  neeesstiry  for  hear* 
ing,  666 


EAR,  external,  649 
middle,  649 

internal,  604 

development  of,  772 
Earthy  phosphates.  44> 

in  urine,  47,  383,  300,  395 
Egg,  6K0 

contents  of,  386 

where  formed,  687 

pre-existence  of,  in  ovary,  703 

development  of,  at  puberty,  7(i4 

ripening  and  dischat^e  of,  705,  707 

impregnation  of,  698 

development  of,  after  imprecnation 
721 

attachment    of,    to   nterint)    mucoa* 
membrane,  753 

discharge  of,  at  delivery,  765 

condition  of,  in  foetus  at  term,  790 
Eggs,  as  food,  123 
Elasticine,  92 
Embryo,  formation  of,  721 

position  of,  in  the  fowl's  e^r.  733 
Embryonic  spot,  724 
Emulsion  of  fats,  68 
\         b^  v^ucreatic  juice,  175 
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Encephalon,  471 
Entlolympli,  6ri8 
EnttoHinuHitt,  :itfO 
EiuloBuiunieler,  361 
Entozoa,  U72 

encyHteil  and  sexleiw,  673 

reprotluvtitin  of,  074,  67ft 
Epileptty,  frum  injury  of  the  Hpinal  cord, 

461 
Epiderniis,  exfoliation  of,  after  birtb,  810 
EpididyiniH,  6!^K 

formation  of,  787 
Epithelium,  of  Halivary  glands,  139 

in  saliva,  141 

of  gastriu  follicleii,  l.-iS,  IM 

of  intestine,  during  digestion,  103 

of  the  membranous  labyrinth,  656, 
6.'i7 

of  the  ductus  cochlparis,  662 
Equilibrium,  seuHe  of,  600 
Eustachian  tube,  654 
EuMtachian  valve,  h04 
Evacuation,  of  the  rectum  and  bladder, 

467 
ExcrementiiiouB  substances,  374 
Excretine,  IKM 
Excretion,  374 

Exfoliation,  of  cuticle  after  birth,  810 
Exhalation,  from  the  lungs,  43,  288 

from  the  nlcin,  4.1,  'M6 

from  the  fowl's  egg,  during  incuba- 
tion, 743 
Exhaustion,  of  muscles  and  nerves,  by 

repeated  irritation,  420 
Exosmosis,  361 
Experiments  on  living  animals,  26 

direct  and  indirect  results  of,  28 
Expiration,  movements  of,  276 
Eye,  ti08 

intlammation  of,  after  division  of  tri> 
geminus  nerve,  036 

development  of,  771 


FACE,  motor  nerve  of,  839 
sensitive  nerve  of,  026 

development  of,  780- 
Facial  paralyxis,  Ml,  M3 
Fallopian  tuWs,  692 

formation  of,  7H6,  789 
Farinaceou"*  sulmtances,  00 

digestion  of,  60,  149,  UO,  ITS 
Fat,  68 

absorption  of,  102 

emuUion  of,  6K,  170 

decomposition  of,  in  the  Mood,  199 

necessarv,   as  an   ingredient    of  the 
food,  115 
Fatty  degeneration,  of  the  decidua,  766 

of  uterine  muscular  fibres,  after  de- 
livery, 707 
Feces,  1«7 

Fecundation,  of  the  egg,  608.  711 
Fehling's  test  for  glucose,  04 
Female  generative  organs,  085 

development  of,  788 
Fenestra  rotunda,  65.1 
Fenestra  ovalis,  (VIS 
Fermentation,  i>4 

of  bread,  120 

of  saccharine  urine,  386 

acid,  of  urine,  303 


Fermentation,  alkaline,  of  urine,  394 
Fibrine,  85 

of  the  blood,  207 

coagulation  of,  86,  208,  261 

disiipi>earance  of  in  livernnd  kidneys, 
266 

nsel'nlness  of,  206 
Fibrinogen,  260 
Fibrino-plasiic  matter,  265 
Fifth  pair  of  cranial  nerves,  026 
Fissure,  frontal,  488 

of  Kolando,  473 

of  Sylvius,  472 

parietal,  473 
FlHsure  of  the  palate,  783 
Fissures,  cervical,  7t0 
Fistula,  gastric,  156 

pancreatic,  172 

duodenal,  217 
Fixation,  point  of,  in  vision  with  both 

eyes,  638 
FluoreM-ence,  of  the  bile,  206 
Kcetus,  development  of,  7uU 
Follicles,  salivary,  139 

gastric,  152 

of  Lieberktihn,  180 

Oraaflan,  687 

uterine,  760 
Food,  113 

daily  quantity  of,  124 

effect  of  cooking  on,  121,  123 
Foramen  ovale,  803 

valve  of,  800 

closure  of,  807 
Force,  nervous,  rapidity  of  tmnsmission 

of,  420 
Fossa  ovalis,  807 
Fovea  centralis,  023 
Functions,  20 

animal,  32 

vegetative,  31 

of  the  teeth,  136 

of  saliva,  147 

of  gastric  juice,  160,  160 

of  pancreatic  juice,  174 

of  intestinal  juice,  184 

of  bile,  221 

of  iH-rsplratlon,  317 

of  the  crystalline  lens,  614 

of  the  semicircular  canals,  608 

of  the  cochlea,  663 


GALVANISM,  action  of,  on  mnscle& 
418 

on  nerves,  419 
Oanglia,  cerel>ral,  437.  476,  491 

spinal,  440,  583 

of  tlie  sympathetic  system,  583 
Ganglion,  Gasserinn,  028 

gfiiicnlatuni,  04H 

impar,  .%80 

Jugular,  0,'S7 

ophthalmic.  .'>83 

otic,  084 

petrosal,  553 

Beinilunar,  6M 

sphenopalatine,  584 

spiral,  <M>:i 

sultniaxillary,  0''4 
Qangliiinic  system  of  nerves,  432,  582 
Oasseriau  ganglion,  &2H 
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Gantilo  fliitala,  166 

Gaatric  rollicles,  162, 183, 164 

Oaatrio  Juice,  162 

mode  of  obt«ininK,  157 

compoaition  of,  167 

action  of,  on  the  food,  ISO,  106 

mode  of  secretion  of,  161 

daily  qoantlty  of,  164 

roabeorption  of,  170 
Gelatine,  36 

Roiirce  of,  91 

effect  of  feeding  animals  on,  117 
Generation,  668 

npontaneooB,  670 

of  infuHoria,  679 

of  entozoa,  672 

Bexual,  682 
Qenn,  683 

Germinal  membrane,  72S 
Oerminatire  veaicle,  686 

dinappearance  '>f,  in  matnre  egg,  721 
Germinatire  spot,  686 
Gills,  272 
Glnudik  uf  Briinner,  180 

saliTary,  138 

peptic^  ISS 

of  small  intestine,  190 

lymphatic,  3fi6 
Glandula3,  ngminat«B  and  tolitariae,  190 
Globules,  red,  of  the  blood,  243 

appearance  of,  under  tlie  microscope, 
244 

mutual  adhesion  of,  246 

action  of  water  on,  246 

composition  of,  247 

sise  of,  in  different  animals,  260 

function  of,  264,  294 
Glohultfs,  white,  of  the  blood,  1:54 

auioehoid  inovemcntH  of,  255 
Globules,  of  lymph,  369 
Glomernii,  of   the  WulfiSan  bodies   and 

kidney.x,  784 
GlosRcvpharyngeiil  nerve,  553 
Glottis,  movements  of,  in  respiration,  277 

in  vuoiilization,  6<>5 
Glottis,  closure  of,  after  division  of  the 

pnfumogastric  nerves,  56:{ 
Gl  noose,  62 

formation  of,  in  the  liver,  232 

detection  of,  in  the  urine,  386 
Gluten,  in  wheat  dour,  86 
Glyierine,  (SO,  231 
Glycine,  104 

Glycocholate,  sodium,  lOt 
Glycocholic  acid,  104 
Glycogen,  (51,  22H 

conversion  of,  into  sugar,  232 
Glycogenic  function  <»f  liver,  228 

*  in  the  foetus,  778 
Gmelin's  bile-test,  98 
Graaflan  follicles,  687 

structure  of,  706 

rui)ture  of,  in  ovulation,  707 

in  menstruation,  710 

condition  of.  In  fcetus  at  term,  700 
Granulose,  of  starch  grains,  rs 
Gray  snltstance,  of  the  nervous  system. 

400,  413 
Groove,  medullary,  724,  732,  736,  709 
Gnbernaeulum  testis,  787 
Gustatory  nerves,  533,  554,  601 


HAIRS,  andltnrT,  606 
Hairs,  formstiuu  of,  in  foetiw,  774 

exfoliation  of,  dariDs    Inira-atisriM 
life,  778 

exfoliation  of,  after  Urtb,  810 
Hare-lip,  783 

Headache,  pathology  of,  BSl 
Hearing,  aense  of,  648 

organ  of,  648 
Heart.  318 

of  raammalians,  319 

of  man,  319 

circulation  of  blood  through,  320 

sounds  of,  322 

movements  of,  824 

impulse  of,  326 

development  of,  802 
Heat,  vital,  of  aninialit,  SCO 

of  plants,  301 

bow  produced,  305 
Hemaphseine,  99 
Hematoidine,  98 
Hemianiesthesia,  492 
Hemiplegia,  457,  458,  492 

with  aphasia,  41^ 
Hemispheres,  cerehrai,  496,  471 

cases  of  it^ury  to,  479 

effect  of  removal  of,  482 

effect  of  disease  of,  481 

functions  of,  479 

centres  of  motion  in,  487 

development  of,  770 
Hemoglobine,  96 

spectrum  of,  248,  260 
Hemorrhage,  arrest  of,  by  coaealation  of 
flbrine,  266 

from  the  placenta.  In  parturition,  76S 
Hepatic  circulation,  1:01 

development  of,  799 
Herbivorous  animals,  respiration  of,  2^6 

urine  of,  52,  112 
Hernia,  congenital,  diaphragmatic,  779 

inguinal,  788 

umbilical,  777 
Hibernation,  311 

respiration  in,  282 

production  of  bent  in,  305 
Hippurate,  sodium.  111 
Hippuric  acid.  111 
Honey,  composition  of,  67 
Hydroliiliruliine,  99 

Hydrocnrbonaceous     proximate     princi- 
ples, 55 

source  and  destination  of,  78 
Hygroscopicity,  of  albuuiinouH  matters,  f^O 
Hypersesthesia,  after    injury    to    spinal 

cord,  •166 
Hypoglossal  nerve,  674 


IDIOTS.  »>rain  of,  481 
Images,  catoptric,  in  the  eye,  632 
Images,  negative,  646 
Imperforate  anus,  776 
Impregnation,  of  the  egg,  698,  711 

of  the  female,  700 
Impulse,  of  the  heart,  326 
Incisor  teeth,  1.36,  138 
Incus,  6M 

Infant,  newly  born,  condition  of,  WO 
Infusoria,  ()76 

xttV'^wluction  of,  679 
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Inguinal  hernia,  congenitAl,  788 
Inorganic  proximate  principles,  49 

source  and  tlttKtinalion  of,  64 
iDOSculation,  of  veins,  341 

of  capillaries,  'Mrt 

of  nerves,  4uft,  406 
Inspiration,  niovera«»nts  of,  275,  278 
Instinct,  nature  of,  501 
Integument,  respiration  by,  285,  809 

devel<»pment  of,  774 
Intoilectual  powers,  4s4 
Inti-stine,  of  fowl,  132 

of  man,  134 

secretions  of,  IKO 

digestion  in,  1H4 

epitlielium  of,  1S)3 

development  of,  <2T,  775 
Intestinal  juice,  180 
I«Hline,  action  of,  on  starcli,  68 

ill  the  urine,  38U 
Iris,  610 

movements  of,  400,  518,  524,  611,  634 

formation  of,  772 
Iron,  in  benioglobine,  96 

in  the  food,  97 

in  melanine,  98 
Irritability,  nervous,  417 

muscular,  418 
Island  of  Keil,  473 


JACOBSON,  nerve  of,  653 
Jaundice,  yellow  color  of  urine  in,  388 
Judgment,  484 
Jugular  ganglion,  557 


KERATINE,  92 
Ki<lneys.  circulation  in,  352,  353 
elimination  of  medicinal  substances 

by,  :W9 
development  of,  785 


T  ABYRINTH,  6.-4 
1j    La<-teals,  197 
Lactic  aci<i,  in  souring  milk,  118 
•«    in  gastric  juice,  168 
Lactose,  66 

Lninina,  spiral,  of  the  cochlea,  6tU 
Language,  articulate,  4H6,  6<l»,  ')45,  579 
Large  intestine,  186 

develo]iment  of,  775,  776 
Larynx,  action  of,  in  respiration,  277 

in  vocalization,  566 

nerves  of,  567,  658 
Lavcrs,   lilastmlerniic,  external   and  in- 
ternal, 723.  7;U) 

intermediate,  734 
Lecitbine,  102 
Legumine,  89 
Lens,  crystalline,  013 
Leucine,  li»4 

Lieberkiiltn,  follicles  of,  180,  181 
Ligament,  liroad,  of  the  uterus,  789 

round,  of  the  uterus,  789 

round,  of  the  liver,  801 

of  the  ovary,  789 
Limbs,  formation  of,  727,  773 
Lim>'  carbiniate,  Mi 

oxalate,  3!)4 


Lime  phosphate.  43 

Line  of  direct  vision,  &28 

Lingual  nerve,  5;t0,  532 

Liver,  201 

secretion  of  bile  in,  216 
formation  of  glycogen  in,  228 
production  of  sugar  in,  232 
development  of,  778,  799 

Liver-cella,  :i02 

Liver-sugar,  formation  of,  2.'i2 

accumnlation  of,  after  death.  234 
proportion  of,  during  life,  23<> 
priMluction  of,  in  the  foitus,  778 

Lobules,  of  the  liver,  IJOl 
of  the  lung,  273 

Locomotion,  464 

Locomotor  ataxia,  466 

Lungs,  structure  of,  272,  273 
development  of,  779 

Luteine,  100 

Lymph,  .■J67 

Lym]ih-g1obnles,  UdO 

Lymphatic  system,  364 


MACULA  AUDITIVA,  cm 
Macula  Intea,  623 
Magnesium  phosphate,  46 
Mule  organs  of  generation,  615 

development  of,  786 
Malleus,  (i50 
Masticntion,  136,  53.t,  679 

unilateral,  in  rumination,  1-15 

retarded  by  suppression  of  saliva,  148 
Meat,  as  foini,  121 
Meconic  aci<l,  142 
Meconium,  777 
Medulla  oblongata,  4.t9,  440,  502 

reflex  action  of,  6(>6,  607 

development  of,  770 
Me«lullary  canal,  725,  736,  769 
Mcilullary  groove,  724,  732,  7.16.  769 
Mednllary  layer,  of  nerve  fibres,  4i)2 
Melanine,  97 
Membrana  liasilaris,  661 
Membrana  granulosa,  706 
Membrana  tympani,  649 
Membrane,  pupillary,  772 
Mem  bra  nous  labyrinth,  665 
Memory,  484 
Menoliranchus,  blood-globulea  of,  252 

gills  of,  272 

spermatozoa  of,  696 
Menstruation,  708 

corpus  luteum  of,  713 
Mesenteric  glands,  .'!68 
Metalbiimen,  2.'j9.  2«>4 
Micropyle,  686,  699 
Middle  ear,  649 

bones  of.  6K) 
Milk,  73,  118 
Milk-sugar,  66 

conversion  of,  into  lactic  acid,  118 
Molar  teeth,  137,  138 
Motor  nerve  fibres,  409 
Mouth,  i:(4 

development  of,  780,  782 
Movements,  of  liarterium  cells,  84,  680 

ot  stomach,  166 

of  intestine,  191 

of  wliite  blood-globules,  2.W,  266 

of  chest,  in  respiration^  2tu 
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Morements  of  glottis,  in  respiration,  277 

of  the  heart,  324 

of  ararmatusuA,  6B6 

of  the  IriH,  400,  818,  924,  611,  634 

of  the  foatUH  in  ut«ro,  764 

of  the  newly-bom  infknt,  810 
Mocofflne,  90 
Mucous  membrane,  of  stomach,- 102 

of  intestine,  180,  lf& 

of  the  nteruB,  6i)3,  7fiO 
Mucus,  in  the  nrine,  302 
Muscles,  irritability  of,  419 
Muoicnl  notes,  production  and  perception 

ot,e66 
Myeline-forms,  102 
Myopic  eye,  636 
Myosine,  90 


Nucleus  of  the  ocnlomotorliu  and  path»> 
tivus  nenree,  (U28 
of  the  optic  nerve,  S16 
of  the  pneumogaatzio  nerre,  SSt 
of  the  spinal  accesnory,  871 
of  the  trigeniluna,  BM 

NntriUon,  33 


VAILS,  development  of,  774 
il     Negative  imaifes,  646 
Nerve,  abdncens,  638 

auditory,  SOI 

facial,  639 

great  snperiieial  petrosal,  648 

glossopharyngeal,  iB3 
ypogtosHal,  t74 

lingual,  630,  6:t2 

oculomotorius,  622 

olfactory,  613 

optic,  616 

patheticus,  624 

pneumognstric,  657 

small  superficial  petrosal,  649 

spinal  accessory,  671 

stape<llu8,  640 

sympathetic,  682 

trigeminUH,  526 
Nerve  cells,  413 
Nerve  flbres,  400 

medulliited,  402 

nou-inedunat<'4i,  404 

diviHioii  of,  404>,  407 

terniinaticiu  of,  408 

sensitive  and  motor,  400 

ettedt  of  divisiuu  on,  410 

union  and  regeneratiun  of,  411 

connection  of,  with  nerve  cells,  414 
Nerves,  40."> 

spinal,  434,  446 

cranial,  ftll,  57!) 
Nervous  force,  419 

nature  of,  423 

ra]>i<lity  of  trnnnmission  of,  423 
Nervous  irritability,  417 

dnration  of,  after  ileatli,  41!l 

exhausted  by  excitetnent,  420 
Nervous  system,  39J» 

development  of,  70J( 
Nervous  tissue,  two  kinds  of,  4«X) 
Network,  capillary,  346 
Nitrogen,   a  constituent  of   albuminous 

miitt«'rs,  79 
Non-nitrogenous    proximate    principles, 

.IB 
Nucleus,  caudate,  476 

lenticular,  47ti 

olivary,  604 

of  the  alHlucens  and  facial  nerves,  638 

of  the  au<Iitory  nerve,  661 

of  the  plossopbarytigenl  nerve,  663 

of  the  hypog\o»»aV  wetve,  t»i^ 


OBLITEBATION,  of  dnetua  venMna, 
801 

of  ductus  arterioBua,  803 

of  foramen  ovale,  807 
Oculomotorius  nerve,  62S 
(Esophagus,  134 

paralyshi  of,  after  division  of   the 
pnenmogastric  nerves,  606 
CBstmatlon,  phenomena  uf,  708 
Oleaginous  substances,  68 

importance  of,  as  ingredienta  of  the 
food,  116, 116 

in  the  blood,  199,  260 
Oleine,  70 

Olfactory  apparatus,  604 
Olfactory  bnib,  614 
Olfactory  gauglia,  436 
Olfactory  loltes,  616 
Olfactory  nerves,  613 
Olfactory  tubercle,  614 
Olivary  bodies,  439,  604 
Omphalo-meHenteric  veiwiels,  702,  799 
Ophthalmic  ganglion,  fi88 
Ophthalmoscope,  616 
Optic  ganglia,  436 
Optic  nerves,  616 

decussation  of,  ffi9 

crossed  action  of,  021 

physiological  properties  of,  6C0,  C3R 

development  of,  771 
Optic  thalami,  437,  476 

development  of,  769 
Optic  tract,  616 
Optic  tubercles,  436 
Ora  serrata,  616 
Organ  of  Corti,  662 
Organs,  26 
Organization,  of  the  animal  solids  and 

tluids,  34 
•  Origin,  of  plants  and  aninaala,  667 
I  Ossicles,  auditory,  650 
i  Ossification,  of  the  skeleton.  45   773 
I  Otic  ganglion,  684 
'  Otoconia,  657 
Ovarian  pregnancy,  711 
Ovaries,  6K3 

of  taenia,  683 

of  frog,  687 

of  fowl,  689 

of  human  female,  692 

develo]inient  of,  785,  788 

condition  of,  in  fcetua  at  term   790 
Oviducts,  6s7 

Oviparous  and  viviparous  animala.  703 
Ovulation,  7(i3,  710  ^ 

Ovum,  6K3,  686 

Oxalic  aciil,  produced  In  urine,  3D3 
Oxygen,  absorbed  in  reapiratio'n    281 

solutii  n  of,  In  the  blood,  248  264  2M 

absorption  of,  by  the  tinanea,'  asfl' " 

exhalation  of,  by  plants,  6<),  l:tl  «!» 

absonuion    of,    liy   the    f.iwl's'eiat 
^  ^M.\\'ft\i\\\«i\\Vsa.r.Ujw,  744 
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PACINIAN  bodies,  407 
Pain,  HensatiouM  uf,  S97 
Palate,  furmatioo  of,  783 
Palmitine,  70 
Pancreas,  172 
Pancreatic  Juice,  171 

mode  of  obtaining,  172 

CDOipoHitiun  of,  173 

action  of,  on  starcb  and  fat,  175 

on  albaminoua  matterH,  177 

daily  quantity  of,  179 
Pancreatine,  89 

in  pancreatic  Juice,  174 
ParalyoiM,  muscular,  422 

nervous,  423 

after  division  of  anterior  spinal  nerve 
root,  447 

direct,  after  lateral  injury  of  spinal 
cord,  455 

crossed,  after  lateral  injury  of  brain, 
455 

various  forms  of,  457 

facial,  543 

glosHo-labio-iaryngeal,  510 

of  motor  nerves,  by  woorara,  422 

of  voluntary  motion  and  sensation  by 
destruction  of  tuber  annulare,  61)2 

of  larynx,  pharynx,  and  oesojdiagus, 
by  division  of  the  pneumogastric 
nerves,  564,  566 

of  muscular  coat  of  stomach,  569 

of  the  external  muscles  of  the  eye- 
ball, 523 

of  levator  palpebne  superioris,  523 

of  the  muscles  of  mastication,  533 

of  the  sphincter  ani,  46.S 

of  the  urinary  bladder,  470 
Paraplegia,  i67 

retlex  action  of  the  spinal  cord  in, 
4C.i 
Parasites,  internal,  672 
Parotid  saliva,  143,  144 
Parturition,  76."» 
Par  vagum,  see  Pneumogastric  Nerve, 

557 
Patheticus  nerve,  524 
Pelvis,  development  of,  596 
Pepsine,  59 

in  gastric  juice,  158 
Pepsine  cells,  155 
Peptic  glands,  155 
Perception,  of  sensations,  483,  601 
Perilymph,  (W)5 
Periodical  ovulation,  7(13,  710 
Peristaltic  action,  of  stomach,  166 

of  intestine,  191 

of  oviduct,  (IMS,  68!» 
Personal  error,  in  the  observation  of  phe- 
nomena, 431 
Perspiration,  31t> 

function   of,  in  regulating  tempera- 
ture, 317 
Petrosal  ganglion,  553 
Petrosal  nerve,  54>*,  549 
Pettenkofer's  test  for  bile,  212 
Peyer's  patches,  1!K) 
Pharynx,  actiim  of,  in  swallowing,  655 
Phenomena,  vital,  29 
Phonation,  509 

Pbos|)hat<<,  ammonio-magnesian,  in   de- 
composing urine,  395 

lime,  44 


Phosphates,  alkaline,  49,  51,  383 

earthy,  46,  47,  260,  3h3,  390,395 
Phosphorized  fat,  1U2 
Phosphorus,  not  a  pnximate  principle, 
35 

a  constituent  of  lecithine,  103 

oxidation  of,  in  the  body,  51,  103 
Physiology,  definition  of,  25 

method  of  study  of,  20,  31 
Placenta,  756 

formation  of,  757 

fwtal  tufts  of,  758 

maternal  sinuses  of,  769 

injection  of,  from  uterine  bloodves- 
sels, 760 

function  of,  761 

separation  of,  in  delivery,  765 
Placental  circulation,  793 
Plasma,  of  thv  blood,  243,  267 
Plasmine,  264 
Plates,  dorsal,  724 

abdominal,  725 
Plexus,  cajMllary,  162,  189,  190,  194,  202, 
274,  346 

peripheral,  of  nerves,  406 

laryngeal,  658 

oesophageal,  5.'>9 

pulmonary,  659 

solar,  686 
Pneumogastric  nerve,  857 

physiological  properties  of,  559 

connection  of,  with  respiration,  660 

with  phonailon,  665 

with  deglutition,  566 

with  the  stomach  and  digestion,  568 

influence  of,  on  the  heart,  669 
Point  of  distinct  visiim.  629 
Point  of  fixation,  in  vision  with  tK>th  eyes, 

638 
Polarity,  of  nerve  fibres  in  action,  424 
Polarized  light,  rotation  of,   by  organic 

fluids,  69 
Pons  Varolii,  439,  600 
Pijrtal  blocKl,  temperature  of,  308 
Portal  vein,  distribution  of,  in  the  liver, 
201,  202 

evelopment  of,  800 
Post«rior  columns  of  the  spinal  cord,  4.'15, 

445,  449,  453,  MiH 
Potassium  chloride,  49,  3K4 
Potassium  sulphate,  62,  53,  384 
Potassium  urate,  .382 
Presbyopic  eye,  635 
Pressure,  arterial,  338 
Primitive  trace,  724 
Primitive  vertebra-,  7.35,  772 
Protagon,  102 

Proteus  anguinus,  blood-globules  of,  162 
Proximate  principles,  33 

definition  of,  35 

nuKle  of  extraction  of,  .36 

varying  proportion  of,  37 

classification  of,  38 
Ptyaline,  k9,  141,  142 
Pulierly,  signs  of.  704 
Pulsation,  of  heart,  322 

of  arteries,  .3.'J0 
Pulse,  arterial,  XM 

dicrotic,  li'-iTt 
Pupil,  action  of,  400,  51ft,  624,  611,  6.34^ 

5HH 
'  PupvWaty  Tuem\»Ta,vi<i,'v'\1 
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Van,  in  tfae  nrine,  S&3 
Putrefiiotioii,  82 

arreftted  by  gastric  Jnice,  161 
Pyrainidn,  anterior,    of  utetlulla  oliloo- 
gata,  438 

decusaation  of,  439,  4U 


QUANTITY,  daily,  of  air  used  in  reti- 
piratiun,  280 

of  albuminous  matter,  starcli,  and 
fat  in  the  food,  128 

of  bile,  219 

of  biliary  acids,  106 

of  rarhonic  acid  exhaled,  283 

of  creatinine,  108 

of  earthy  posphates  in  the  urine,  47 

of  feccR,  187 

of  tinids  seoreted   and  realuiorlMd, 
373 

of  food,  124 

of  Kastriu  juice,  164 

of  lime  phosphate,  in  tiie  urine,  46 

of  lymph  and  chyle,  371 

of  magnesium  jihosphate,  in  the  urine, 
46 

of  materials  alraorbed  and  discharged, 
397 

of  mineral  matter  introdnc«l  and  dis- 
charged, 114 

of  oxygen  consumed,  281 

of  pancreatic  Jnicf,  179 

of  jterspiration,  316 

of  saliva,  146 

of  Botlinm  chloride  discharged,  49 

of  sodium  and  potassium  phosphates, 
in  the  urine,  61 

of  stKlium  and  potassium  sulphates, 
In  the  urine,  S3 

of  solid  matters,  in  the  urine,  377 

of  urea,  109 

of  urine,  376 
Quantity,  entire,  of  blood  in  the  Ixidy, 
267 

of  inm  in  the  blood,  96 

of  liino  phosphate  in  the  body,  44 

of  scHlium  chloride  in  the  btnly,  47 

of  sulphur  in  the  albuminous  ingre- 
dients of  the  body,  fi3 


RABBIT,  brain  of,  437 
Kapidity,  of  movements  of  respira- 
tion, 279 

of  tlie  arterial  current,  338 

of  the  Venous  current,  349 

of  the  circulation  in  general,  350 

of  nervous  action,  425 
Bcaetions,  of  the  bile,  205 

of  fat,  68 

of  pastric  jnice,  167 

of  intestinal  juice,  184 

of  milk,  118 

of  pancreatic  juice,  173 

of  saliva,  141 

of  starch,  68 

of  Rupar,  62 

of  urine,  384 
Reasoning  powers,  484 
Bectum,  IM 

evacuation  of,  V>T 

developmeut  oV,  116 


Bed  globules  of  tbe  blood,  S4S 
Keflex  action,  416 

of  tbe  spinal  cord,  4B0 

of  the  brain,  480 

of  tttbercnl*  qnadrlftemlna.  Sit,  BS 

of  taller  annulare,  fibo 

of  medulla  oblongata,  607 
Befraction,  of  light,  by  the  crysiallise 

lens,  613 
Begeneratlon,  of  divided    nenre  flbm, 
411 

of  tbe  nterine  tiwaeB^  after  precau 
oy,  766,  768 
Bell,  biland  of,  473 
Rennet,  118,  133 
Beprodaction,  667 

by  generation,  668 
Besinons  matters,  of  the  bile,  106 
Bespiration,  270 

in  vegetaliles,  270 

organs  of,  271 

by  gills,  272 

by  lungs,  272 

by  the  slcin,  285,  809 

movements  of,  275 

thoracic,  276 

abdominal,  276 

interna)  phenomena  of,  280,  298 

in  the  newly-boni  infant,  809 
Bespiratory  inorementn,  of  tbe  chest,  275 

of  the  abdomen,  276 

of  tbe  glottis,  277 

after  division  f>f  the  pnenmogastric 
nerves,  660,  663 

after  injury  of  the  spinal  cord,  458 
Bestiforro  bodies,  494 
Retina,  (>1G 

Rhythm,  of  the  heart's  action,  328 
Bound  ligament,  of  the  uterus,  789 

of  the  liver,  801 
Ruminating  animals,  stornarh  of,  133 
Rniniiiatioii,  movementH  of,  133,  143 
Ruttinp  condition,  of  the  lower  aniuiaU 
708 


SACCHARINE  SUBSTANCES,  61 
in  the  liver,  232 
in  the  blood,  240 
in  the  urine,  240,  3A8 
Saccharouiyces  cerevisla;,  65 
Saccharose,  «»< 
'  SacculuB,  of  the  internal  ear,  6S5 

Saliva,  138 
I         composition  of,  141 
different  kinds  of,  143 
secretion  of,  146 
daily  quantity  of,  146 
phyKinlogieal  action  of,  147 
Salivarv  glands,  138 
Salivary  tulies,  139 
Salts,  biliary,  104,  105 
of  ttie  blooil,  260 
of  the  urine,  386 
Saponifieation,  of  fat,  69 
Seala  tympani,  661 
Scala  vestihtili.  (561 
Schlerani,  canal  of,  609 
Sclerosis,   of   posterior    columns  of  tb 
spinal  ford,  466 
\  ?><;V<fTo\\<i  coat,  of  the  eyeliall.  009 
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Secretion  of  (rnRtric  juice,  161 

of  iiit«8tiu:il  juice,  IbO 

of  pancreatic  juice,  17U 

of  bile,  216 

of  perspiration,  316 

of  meconium,  bile,  and  gastric  juice 
ill  t lie  fuetus,  777,  778 
Segmentation,  of  the  vitelluti,  722 

of  the  cicatrlcula,  730 
Semicircular  canals,  655 
St-minal  duid,  695 
Suusatiou,  40U 

dept'iiUence  of,  on  the  tuber  annulare, 
fiOO 

channels    of    transmission    for,    in 
spinal  cnnl,  452,  455 

loss  of,  in  paraplegia  and  hemijilegia, 
457,  458,  4U2 
Sensations,  of  touch,  593 

of  temperature,  697 

of  pain,  697 
Sense,  of  taste,  600 

of  smell,  604 

of  sight,  »>07 

of  hearing,  648 
Senses,  the,  593 

mode  of  action  of,  698 
Sensibility,  general,  593 

of  diti'erent  regions,  595 

of  nerves  to  electric  current,  419 

of  posterior  spinal  nerve  roots,  448 

of  posterior  and  lateral  columns  of 
the  spinal  cord,  449,  460 

of  the  facial  nerve,  547 

of  the  hypoglossal  nerve,  578 

of  the  spinal  accessory  nerve,  672 

stereoscopic,  642 
Serine,  259 

Serum,  of  the  blooil,  252 
Sexes,  distinctive  characters  of,  684 

union  of,  7(10 
Sexual  generation,  683 
Shock,  nervous,  420 
Sight,  sense  of.  i'Ml 

organ  of,  608 

physiological  conditions  of,  627 
Single  and  double  vision.  6.39 
Sinuses,  vascular,  of  the  placenta,  7.'>8, 

7.J9 
Skeleton,  ossification  of,  45,  772 
Skin,  perspiratory  secretion  of,  316 

respiration  by,  2K5,  809 

development  of,  774 
Smell,  sense  of,  (iOl 

nerves  of,  61.3,  605 
Sodium  biphospliate,  :{82 

carbonate,  51 

chloride,  47,  384 

glycocholate,  104 

hippurate.  111 

phosphate,  49 

sulphate,  r>2,  384 

sulphocyanide,  141,  142 

taurocholate,  105 

urate.  111,  .382,  391 
Solar  plexus,  of  sympathetic  nerve,  .'>85 
Solid  Iwdies,  vision   of,  with  two  eyes, 

640 
Sound,  how  pro<inced,  649 

how  perceived,  6.">7 
Sonnds,  of  the  heart.  322 

Tocal,  665,  566,  673 


Special  senses,  699 
Species,  668 

continuation  of,  669 
Specific  gravity,  of  the  saliva,  144 

of  gastric  juice,  157 

of  bile,  205 

of  the  blood,  243 

of  lymph,  367 

of  the  urine,  376 
Spectrum,  of  bile,  207 

of  chlorophylle,  210 

of  Pettenkofer's  test,  213,  214,  215 

of  bloo«l,  248,  250 
Spermatozoa,  695 

formation  of,  697 

entrance  of,  into  the  egg,  699 
Sphincter  ani,  467 
Sphincter  vesica;,  468 
Sphincter  pnpilla^,  611 
Sphygmograph,  331 
Spina  bifida,  773 
Spinal  accessjiry  nerve,  671 
Spinal  column,  formation  of,  726,  736 
Spinal  cord,  433,  443 

coininisBures  of,  436 

anterior,  lateral,  and  posterior  col- 
umns of,  435 

origin  of  nerves  from,  434,  445 

gray  substance  of,  443 

white  substance  of,  445 

sensibility  and  excitability  of,  449 

transmission  of  nervous  impulses  in, 
429,  449,  452 

crossed  action  of,  464 

reflex  .i<:tion  of,  459 

protective  action  of,  463 

influence  of,  on  sphincters,  467 

development  of,  726 
Spinal  nerves,  origin  of,  434,  446 

transmission  of  motor  and  sensitive 
impulses  in,  447 
Spiral  ganglion,  of  the  cochlear  nerve, 

Spiral  lamina,  of  the  cochlea,  661 
Spontaneous  generation,  670 
Stapedius  muscle,  ti52 
Starch,  56 

action  of  saliva  on,  142 

digesticni  of,  60,  149,  150,  176 
Stearine,  70 
Stercorine,  188 
Stereosco])*,  ti42 
Stereoscopic  s<'nsibility,  642 
Stomach,  1:13,  134,  l.Vi 

digestion  in,  1.'.0, 166 

influence  of  pneumogastric  nerve  on, 
568 

formation  of,  775 
Strabismus,  from   paralysis  of  oculomo- 
toriiis  nerve,  623 

of  abducens  nerve,  639 
Striated  bodies,  437 
Strychnine,  eflect  of,  on  the  spinal  cord, 

461 
Sublingual  saliva,  143 
Submaxillary  ganglion,  of   the  sympa- 
thetic, 584 
Submaxillary  gland,  140 

influence  of  nerves  on  the  circulation 
in,  .550,  591 
Submaxillary  saliva,  143 
Sugar,  61 
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Sugar,  varieties  of,  62 

teMte  for,  62 

fermentatiuD  of,  64 

source  and  dMtiiiation  of,  67, 68 

production  of,  in  liver,  2^ 

ditehargn  of,  by  the  urine,  240,  386 
Sulpliates,  alkaline,  52,  A3 

in  the  urine,  384 
Sniplio-cyanide,  Bodinm,  in  mil va,  141, 142 
Sulphur,  in  albuminoun  matters,  03 

in  biliary  matters,  105 

in  ezcretine,  188 

in  the  fieces,  224 

oxidation  of,  in  the  body,  53 
Swallowing,  Ifil,  608,  570 

retarded  by  suppression  of  the  saliva, 
148 

by  division   of  the  pneumogasttrio 
nerves,  568 

reHex  acUon  of,  508,  665,  566 
Sympathetic  nerve,  582  . 

pliysiological  properties  of,  685 

influence  of,  on  movement  and  seusl- 
bility,  586 

on  tbe  special  senses,  586 

on  the  circulation,  589 

on  the  temperature  of  parts,  090 

on  reflex  actions,  592 


TACTILE  corpuscle,  407,  408,  694 
Tactile  sensibility,  of  dlfTerent  re- 
gions, 595 
Tadpole,  development  of,  724 

transrnrraation  of,  into  frog,  728 
Taenia,  674 

single  articulation  of,  683     • 
Tapevrorni,  674 

prcKluction  of,  from  cysticercus,  675 
Taste,  600 

nerves  of,  fl33,  654,  601 

coiiditionaof,  603 

injury  of,  by  paralysis  of  facial  nerve, 
650 
Tanrint),  105 

Tiuiro-cholate,  B«)diii/n,  103,  106 
Tiiuro-cholic  acid,  105 
Teeth,  136,  138 

first  anil  second  sets  of,  810,  811 
Temperature,  animal,  300,  308 

in  different  species,  301 

of  the  bIi>od  in  different  organs,  308 

regulatiuu  of,  311 

elevation    of,    after  division  of  the 
sympathetic  nerve,  590 

sensations  of,  597 
Tensor  tyinpani,  651 
Terminal  bulb,  of  a  sensitive  nerve,  408, 

594 
Termination,  peripheral,  of  nerve  fibres, 

406,  407,  408 
Tests,  for  starch,  58 

for  sugar,  62,  386 

for  bile,  98,  211,  212 

for  sulpho-cyanides,  142 
Testicles,  683 

periodical  activity  of,  in  fish,  700 

development  of,  785 

descent  of,  786 
Tetanus,  pathology  of,  461 
Tbalami,  optic,  437,  441,  416,  -©I 
formation  of,  I'a'd 


Tbaamntrope,  843 
Thoracic  «luct,  197, 198 
Thoracic  respliatioii,  3176 
Tic  doulonreiu,  532 
Tongue,  601 

motor  nerr«  id,  874 

sensitive  nerve  ot,  882,  684 
Toothache,  832 
Touch,  sensations  of,  583 
Trace,  primitive,  724 
Tract,  optic,  616 

Transmission,  of  nerve  tarea.  impidity  at 
426 

in  motor  nerves,  42K 

in  sensitive  nerves,  429 

In  the  spinal  cord,  429 

in  the  brain,  ^SO 
Transudation,  859,  368 
Trichina  spiralis,  675 
Tricuspid  valve,  320 
Trigendnus  nerve,  526 
Trommer's  teat  for  gluoose,  63 

in  the  urine,  63 

interfered  with  by  albaminoae,  87 
Tubal  pregnancy,  711 
Tube,  Eustachian,  664 
Tuber  annulare,  438,  499 

action  of,  600 
Tnbercula  bigemina,  517 
Tubercula  quadrigemfna,  436,  S16 

reflex  action  of,  618 

crossed  action  of,  621 

development  of,  770 
Tubes,  Fallopian,  692 

salivary,  138 
Tubules,  gastric,  152 

uterine,  750 
Tnfts,  placenUl,  757,  768,  759 
Tunica  vaginalis    testis,    formation    of, 

788 
Tympanum,  of  the  ear,  649 


UMBILICAL  CORD,  763 
separation  of,  after  binh,  810 
Umbilical  hernia,  777 
Umbilical  vesicle,  738,  745.  776 
Umbilical  veins,  formation  of,  794 

obliteration  of,  801 
Uranhus,  780 
Urate,  sodium.  111,  3P2 
Urates,  deposits  of,  in  tbe  nrine,  390 
Urea,  108,  379 

daily  quantity  of,  109 

conversion  of,  into  aiumonium  car- 
bonate, 108,  394 
Uric  acid.  111 

deposited  from  nrine,  385,  392 
Urine,  374 

general  character  of,  52,  112,  374 

physical  properties  of,  376 

composition  of,  378 

ingredients  of,  379 

reactions  of,  3i84 

interference  of,  with  Trommer's  test. 
63 

abnormal  ingredienta  of,  386 

deposits  in,  390 

acid  fermentation  of,  31>3 

alkaline  ferraentarioa  of,  394 
\Iv\vkQ,t5  bladder,  closure  and  evacnatkm 
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Crinarv  bladder,  derelopment  of,  779 

Urobiliae,  99 

Urochrome,  99 

Urobematine,  99 

TJrosacine,  99 

Urosine,  99 

Uterus,  G92,  693 

mucous  membrane  of,  750 
changes  in,  after  impregnntinn,  751 
regeneration  of,  after  delivery,  766 
development  of,  789 
position  of,  at  birth,  790 

Uterus  bicornis,  789 

Utricle,  of  the  internal  ear,  C55 


VALVE,  Eustachian,  804 
of  the  foramen  ovale,  806 

of  Vieussens,  626 
Valves,  of  the  heart,  320,  323 

of  the  veins,  342 

of  the  lymphatics,  355,  370 
Valvulte  conniveutfs,  133 

formation  of,  776 
Vasa  deferentia,  698 

furmation  of,  786,  787 
Vascular  system,  development  of,  791 
Vapor,  watery,  exhalation  of,  43 

from  the  lungs,  288 

from  the  skin,  316 
Vegetable  food,  necessary  to  man,  114 
Vegetables,  as  food,  122 

production  of  organic  matter  in,  60 

proiluction  of  fat  in,  69 

green  coloring  matter  of,  101 

absorption  of  carbonic  acid  and  ex- 
halation of  oxygen  by,  60,  131,  270 

respiration  in,  27U 

production  of  heat  in,  301,  302 
Vegetative  functions,  31 
Veins,  3W 

motion  of  the  blood  in,  341 

action  of  the  valves  of,  342 

rapidity  of  blood-current  in,  343 

oniphalo-mesenteric,  792 

umbilical,  794 

vertebral,  797 
Vena  azygos,  major  and  minor,  forma- 
tion of,  799 
Von»  cavje,  formation  of,  797,  798 
Venous  system,  development  of,  797 
Ventricles,  of  the  heart,  situation  of,  319 

action  of,  320 

muscular  fib  res  of,  328 
Vemix  caseosa,  774 
Vertebral  arteries,  792,  795 
Vertebral  veins,  797 
Vertebrw,  primitive,  73.") 

permanent,  formation  of,  737,  772 
Vesicle,  umbilical,  738,  745,  776 
Vesicles,  adipose,  72 

cerebral,  769 


Vesicles,  pulmonary,  274 

seminal,  6U8 
Vesicul^B  semtnales,  698 

formation  of,  787 
Vestibule,  of  the  internal  ear,  651 
Vieussens,  valve  of,  523 
Villi,  of  stomach,  152 

of  intestine,  189, 194 

of  chorion,  747 
Visceral  folds,  781 
Vision,  sense  of,  607 

acnteness  of,  626 

field  of,  627 

lino  of  direct,  628 

point  of  distiuct,  629 

erect,  638 

binocular,  639 
Vital  phenomena,  29 
Vi  tell  us,  6a5,  686 

segmentation  of,  722 

formation  of,  in  fojtus,  790 
Vitelline  circulation,  791 
Vitelline  membrane,  685 
Vitelline  spheres,  Tii 
Vitreous  bo«ly,  of  the  eye,  612 
Voice,  formation  of,  in  the  larynx,  665 

loss  of,  after  division  of  the  pueumo- 
gastric  nerves,  6<>6 

of  the  spinal  accessory  nerves,  873 
Volition,  seat  of,  iu  the  tuber  annulare, 

601 
Vomiting,  how  produceil,  656 


WATER,  as  a  proximate  principle,  40 
proportion   of,   in    the    tissues  aud 

fluids,  41 
probable  formation  of,  in  the  system, 

42 
dimrharge  of,  from  the  bo<ly,  43,  288, 
316 
Weight  of  organs,   comparative,  in  the 

fcetus  at  if.Tin  and  adult,  810 
Wheaten  bread,  oom|M>»ltion  of,  121 
White  globules  of  the  blood,  254 
amoeboid  movements  of,  255 
sluggish  movement  of,  in  the  circula- 
tion, 348 
White  substance  of  the  nervous  system. 

4()9 
Wolffian  bo<liea,  784 

atrophy  and  illsappearance  of,  785 
Woornra,   action  of,   ou   motor   nerves. 
422 


YEAST-FUNGUS,  ( 
Yolk,  6^6,  6S9,  729 

yONA  pellucida,  G86 


65 


53 


LEADING  MEDICAL  TEXT-BOOKS. 


▲NATOMT. 

AMATOmCAL  ATLAS.    By  Switb  and  Hokmc*.    One  Iiub.  Sto.  ro|.  with  600  iltuftratloa*.   Cloth  §4  90 

BELLASfT^  SURGICAL  ANATiDMY.    One  toI.  ISmo.  with  IIIu«lr»tloni.    Clolh ,. i  th 

USAT^  ANATOMY,  DKSCRIITIVK  AND  Sl'UilICAL.      In  odp  Imperial  ocUtTO  toIoiim.  iww 

•dition.    OrrrOOOpkgni,  auaiUj  niU.    Clulli,  •-<;  leaUinr T  ou 

GRBEKii  PATnOLOGY  AND  MORBID  ANATOMY.    One  liandanioe  ncUro  Toluma,  cloth 2  to 

IIBATII'.S  PRACTICAL  ANATOMY.    Oat  Tolume,  royst  1:2mn.  nf  ST2  pugf*,  uhI  a«T  illoftniiana 

Ooih,  $3A);  leather,., 4  00 

MAOLlSETii  SURfllCAL  ANATOMY.    One  Imperial  qaarto  Tolum«,  f»  cotond  platM, odqUIoIdc 

1»0  Agi.   Clolh 14  Ml 

.WILSON'S  HtTMAM  ANATdUY.    in  one  8to.  volume  of  000  pp.  and  3«T  cult.   01oUi,«4:  leather      b  W 

FHYBIOIiOOY. 

CARPENTKR'S  IirMAN  PBYitiaiXXJ Y.    In  one  hanUjKime  8to.  Tolnme  of  900  pagw,  and  maoT 

UliulraUoDi.    Clolh,  ti.**);  leather 0  10 

DALTOM'S  UCMAN  PHY9I0L0QT.    PIxlh  revieed  and  oulancnl  e<1ll(on(na«p  nn.lr).    In  oo*  Hro. 
Tolameor  830  pa^e*  and  31(1  iiliMtraUona.    Clotli,  #       ;  lualber 

KIRKKS'S  PIIYSIOI/nY.     A  new  Amerinin  rmni  llie  elchtb  Loa<lou  nlllioa,  In  ona  lartt;*  l2mo. 

Tol.  ODUtaJuiag  230  llluntratioiu.     CIntb,  |l.::i  ;  leather 3  78 

>1AIU«II  ALL'$  PIIVl^IOUXJT.    One  laru«  Stu  volume  of  1030  pa<m,  and  123  IllaitraUana    Clolh, 

tfiM;  loather 7  ftO 

OHBMISTBT. 

ATTriKLD'8  OIIKMISTBY,  flKNKRAL   MEDICAL   AND   PlIARMACCtmCAL.    Wflh  •dllloB. 

rerUnl  b;  the  Aathor.     In  one  larye  llitmo.  volame.    Cloth,  (3.15;  laaUier ,.  I  M 

BLOXAM'S  CURMISTKY,  INORGANIC  A.VD  ORGANIC.    In  one  lai««  opUto  TolUMe,  with  alnul 

90ft  lllailralkinf.    Clotb.ii;  leather fi  i)0 

BOWMAN'S  PRACTICAL  CIIKMIi>TRY.    In  one  to].  12nio.  of  SSI  pp.,  cut*     Cloth  ....,.,....,.  3  S» 

-  MKDICAL  CIIKMI.«TKY  «  h  u  .,     ^U 

POWNP.S' MANUAL  OP  KLEMRNTARYrilRMISTRY.     Prom  the  lOth  RnflUh  MtlUon.    In  OH* 

I3ma.  tolame  of  f-M  page*.    Cloth,  $:2  75;  leather .1  3S 

CALLOWAY'S  MANUAL  OK  QIULITATIVK  ANALV«]:i.    Pmm  5th  KD(ll«h  nlltloB.    In  one 

eolame.  12roo.    Clulb -...►..  S  M 

ODLTNQ'B  CnEMI.STRV  POR  MKDICAL  Kn7nK.Vi:S.    In  ooa  Unto.  vnloMe.    OMk «...  i  00 

WOHLEIl'8  0rTLt\K8  or  OROANlr  rilRMtl::TRY      lo  one  13ino.  Toinme     Hotb 3  00 

FHABBIACY. 

RLL1?' MEDICAL  FORMCLARY.    T*eirth  edition.    In  Ona  8to.  eolnma  of  STS  patae.    Ooth-..      3  <>0 
OKlFFiniJi'  DNIVBIWAL  FORMULARY.    ThIrS  edition.  reviaHl  by  J.  M.  MtaUeh.    In  one  hand 

Mine  octavo  volnme  ofabont  ft'M  pagea.    Clolb,  f4.A0;  leather 6  80 

PARRISH'S  rnARMACY.   Fourth  edition,  thorouitbly  rev|>rd     In  one  6to.  vnlnne  of  077  pacea. 

and  »>0  lUujtratlnni.    Cloth.  |3.90;   leather «M 

MATEBIA  MBDICA  AND  THEBAPEOTIOS. 

PERRIRA'S  M  ATKRI I   MKIIICA      In  one  Imperial  oeUro  ri>\\im»  i>t  lOtO  pa«M,  and  210  lllu'tni 

ll..D«.     CliiOi,  f7;    Inther H  W 

S^lLLti  TUERArEUTICi^.    Pourth  edition,  thorooKhlr  revlntd  and  Improved.    In  too  liaadwoti 

ocUro  vvlnmea.    CloUi,  $10 ;  leather 13  Qq 

PBACTXCE  or  HKDICINX. 

FLINT8   PIUNriPLFJ»  AND   PRACTiCR  OF  XEDtCINR     P.i.irtb  «»l»loo,  thmoaclilr  ivvlMd 

In  one  Imperial  oetavo  voloiae  nf  about  1 100  patee.    Clolh,  $0;  leather. TOO 

IIABT.SUORNE-S    E»:5BNTIAI.9   OP    THE    PRIVCIPLBS    AND    PRACTIOII    OF    MKDICINE 

Fourth  editlun.    In  ooe  rr>]ral  riwu.  vtilncoe,  ullfa  about  lOU  lllo«L.    Clotli,  {£69;  lulf  buunO  3W 

WAT?ON  ON  TIIK   PRINCIPf.K*  AXD    PRACTirR  OF  MKDiriXR.     Fn.m  the  flfth  Kng1i>b 

wlltliin.    In  tiro  hendnimo  >?vo.  Volt.,  luaoj  llluelratlun*.    C'l'ith.  fV;  laalber 1100 

BUM^TKAD  ON  VKNEEEAI..    Third  edition.    In  ona  large  Bvo.  volume,    l^olh,  f.*!;  Untber. ...       •  00 
HLANDPORD  ON  INSANITY  AND  ITS  TREATMENT,  •lib  M  Appvndla.    Bj  Dr.  UkaO  UjH. 

In  one  (Iro.  Vfluwe.     Cloth a  SS 

rtlLLERIKR'S*  ATLAi^OF  VENRRSALDI!<KA!<KS.   Imperial  .inarto  lol     MmlartdplntM,  CMb    IT  00 
FLINT  ON    PHYSICAL    KXI'LORATION    OP   THE   CHEST     fvcand  allttoa.    la  ona  ortvro 

volume  uf  &tlS  pa,(r«.    Cloth 4  M 

FLINT  ON  PHTHI.SI.«L     A  new  «r<irk.     Id  one  hnwUMBwOvo.  vol.    (P(«pMln(.) 

FLINT  ON  DISEASES  OF  THE  HEART.    Baeoad  •«llM.    la  ona  octavo  Tolama  of  UO  pafta. 

Cloth , 4  00 

LINCOLN'S  ELECTRaTlIKIlAPRirritS.     In  one  baiMlaoBi*  Uno.  vol    Ooih ,,.,.       IM 

WIUHIN  ON  DISEASES  OF  TUK  KKlH.     Saventh  adltlnn.     In  one  hMdKMM  »<•?•  T«Utt««( 

lOOpacw.    Cloth.... V^ 

PLATBtodltto.    Svo.    OoiKtiM.    Tut  and  pUbaa  to  ona  vfAunka.   GUMk  '^^ 


LEADING  MEDICAL  TEXT-BOOgS-Oontimied. 

DIBXASXS  OT  WOMXB^  AXTD  CETLBBBV. 
BABITE8  ON  THE  DI8SA8B3  OF  WOMBIT.    In  on*  bMidMme  oeUTO  Tolaa*  of  abnt'aw 

pagM,  with  169 UlnitnUoas.    Cloth,t3;  iMthar ftOB 

HODGE  ON  DISEASES  OF  WOMEN.    Baeoad  edlUoaL    la  on*  hftndwBM  ooIato  toIum  ^ 

631  pafM  and  maiix  illwtrktioni.    Cloth 411 

THOUAS  ON  THE  DISEASES  OF  WOMEN.     Fourth  •dittos.     Ik  on*  hftBdM»a  ootavo 

▼olana  of  aboat  800  pafM,  and  18G  lUiutntioB*.    Cloth,$};  iMthor •« 

WEST  ON  DISEASES  OF  FEMALES.    Third  adUloa.  In  on*  8to.  toIbb*  of  SSO  dmm.  Clflth. 

•3.73 ;  leather •. 4  75 

COKDIE  ON  DISEASES  OF  CHILDREN.    Stx'Ji  edition.    In  one  Urge  Sro.  toImm  of  amalr 

SOOpager    Cloth,  93.25;  leather ec 

SMITH  ON  DISEASES  OF  CHILDREN.    Seeond  edlUon.    In  one  Inrge  oetevo  ToImB*  «r  741 

pagea.    lUnttntlon*.    Cloth,$5;  leather. ,..     fN 

WEST  ON  DISEASES  OF  INFANCY  AND  CHILDHOOD.    From  Oth  BngUth  adlttOB.    In  on* 

Sto.  Tol.  of  6M  pagea.    Cloth,  tLSO;  leather SM 

OBBTXTBICS. 
CHURCHILL  ON  THE  THEORY  AND  PRACTICE  OF  MIDWIFERY.    From  th«  4th  EaglUh 

edition.    In  one  Urge  8to.  TOlnme  of  700  pagea,  and  \»t  Ulnatratlona.  Cloth,  M ;  lenther    S  ■ 
HODGE'S  OBSTETRICS.    In  one  large  qnarto  Tolnme  of  UO  pagea,  with  BUMy  pIntM  bb4 

oau.    Cloth 14 « 

LEISHHAN'S  SYSTEM  OF  MIDWIFERY.  In  one  Urge  oeUTO  rolame  of  OT*r  700  pac«a,  wUh 

182 lllaatratlona.    Cloth,  $.1 ;  leather  .-     •« 

RAMSBOTHAM'S  MIDWIFERY.    In  one  imperial  oetaro  rolnme  of  890  paces,  mna^  pUtae 

and  cata.    Leather TM 

SWAYNE'S  OBSTETRIC  APHORISMS.    From  the  Oth  EnglUh  edition.     In  oa*  aaanll  Ilaa. 

Tolame.    Cloth IS 

SUBOBBT. 

ASBHURSrS  PRINCIPLES  AND  PRACTICE  OF  SURGERY.    In  one  Inig*  oeUro  toIbb* 

of  1000  pagea,  and  <U0  lllaatratlona.    Cloth,  te-SO;  leather t» 

BRYANTS  PRACTICE  OF  SURGERY.    In  one  handaome  8ro.  Tolnma  of  otbt  1000  pagan, 

and  many  lUnaliailoca.   Cloth,  96.2S;  leather T  S 

DRUITT'S  SURGERY.  From  the  8th  Bngllah  edition.  In  one  handaome  oetaTO  Tolaaa*  of  nbont 

700p«gea,  and  433  iUnatrationa.    Cloth,  M;  leather SM 

BRICHSBN'S  SCIENCE  AND  ART  OF  SURGERY.    From  the  Bth  BngUeh  edlttoa.     Ib  two 

large  oetaTo  Tolnmea  of  orer  1700  pagta,  with  more  than  700  iUoatratloar.    Cloth,  90 ; 

leather 11  n 

GROSS'  SYSTEM  OF  SURGERY.     Fifth  and  enlarged  edition.    In  two  imperial  oeUro  Tola. 

of  over  2200  pagea,  aod  1103  IllaatratiODe.    Leather ij  o) 

MILLER'S  FUINCIPLBS  OF  SURGERY.    In  one  Urge  8to.  ToUme,  with  S40  Ulnatratlona 

Cloth ^ 3TJ 

MILLER'S  PRACTICE  OF  SURGERY.    la  one  Urge  8ro.  vol.,  with  381  lllostraUona.     Cloth      3  T5 
HAMILTON  OTX  FRACTURES  AND  DISLOCATIONS.     Fifth  and  rerUed  edltioa.     In  one 

handaome  oetaTo  Tolnme  of  831  pages,  and  341  illaatrattona.    Cloth,$S.7a;  lontber 8  TS 

OPHTHALMOIXIQT. 
LAWRENCE  ft  MOON'S  OPHTHALMIC  SURGERY.     Second  edition.     In  on*  Sto.  TolnmoL 

Cloth 175 

LAWSON  ON  INJURIES  OF  THB  BYE.    Inoneootaro  rol.,  manr  Ulnatratlona.     Cloth 3  « 

WELLS  ON  DISEASES  OF  THB  EYE.    Second  rerlsed  and  enlarged  edition.     In  on*  large 

octaro  volume  of  ofer  730  pagea, and  many  UlaittratloDi.    Piatt».    Cloth, $3;  leathar. ...      8  09 

JXTBISFBUSSNCX:. 
TAYLOR'S  MANUAL  OF  MEDICAL  JURISPRUDENCE.    Seranth  American  edition.     Edited 

1>7  Juhn  J.  Keai>e,  M.O.    In  one  Urge  ootaTO  Tolame  of  nearlj  900  page*.     Cloth,  %-'i- 

leather '....'.      6O0 

TAYLOR'S  PRINCIPLES  AND  PRACTICE  OF  MEDICAL  JURI8PBUDENCB.    Seeoad  edition. 

In  two  Urge  octaTO  Tolumes.    Cloth,  $10;  leather \    u  oo 

TAYLOR  ON  POISONS.    Third  edillon.    In  one  8to.  Tolnme  of  890  pagea,  and  manj  lllna- 

trations.    Cloth,  $j.50;  leather g  jB 

DIOTIONARIES  AJSCD  MANTTAIiS. 
DUNOLISON'S  MEDICAL  LEXICON     A  new  and  revised  edition.    Edited  hy  Rtehard  J. 

DangUson,  M.U.    In  one  royal  octavo  Tolaoie  of  orer  1100  pagea.    Cloth,  4is.aO;  leather      7  30 
nOBLYN'S  MEDICAL  DICTIONARY.    In  one  handsome  13mo.  Tolnme  of  oTer  MO  pagea. 

Cloth,  •!. 30;  Iralher TTT...       S  89 

HARTSHORNE'S  CONSPECTUS  OF  THE  MEDICAL  SCIENCES.    Seeond  and  rerlaad  editloa. 

In  one  Urge  12mo.  rulume  of  orer  1000  piget,  and  477  illastrationa.  Cloth,  $1.33 ;  leather      9  80 
LUDLOW'S  MANUAL  OF  EXAMINATIONS.     Third  edition.     In  one  Urge  ISmo.  Tolnme, 

many  cat*.    Cloth,  t3.23;  leather 3)3 

NEILL  ft  SMITH'S  COMPENDIUM  OF  THE  MEDICAL  SCIENCES.    In  one  handaome  oeUT^ 

Tolnme  of  about  1000  pa^es,  with  371  illu»tratloas^  Cloth,  ft;  leather 4  73 

TANNER'S  MANUAL  OF  CLINICAL  MEDICINE.    From  the  seeond  Englith  edition.     In  one 

12mo.  Tol.  of  373  pagea.    Cloth I  jg 
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(LATB  UKJf  IIT  O.  LBA) 

ox_..i^ssi:F'i:BJiD   o^^T-A.i_.oc3^xje] 

OF 

MEDICAL  AND  STOGIOAL  PUBLICATIONS. 

In  Jixkiiifr  tlt«'  Kttcnlion  nf  tVio  protVssion  to  llie  works  Ailvcriixed  in  the  following 
pMgfs,  tli<'  |iiililisli«i-s  would  stale  flint  no  pain*  *i"e  spared  to  sotTure  a  cootiniMtiic  of 
tJn-  roiilidem-c  (•iinifd  far  the  publiciitions  of  the;  house  by  their  cnruful  mdiictiou  and 
ticcurucy  nnd  finish  of  iixccutiou. 

Thr  lartfe  tnimher  of  iutjuiriet  receivetl  from  ike  prnfrjitiitn  for  a  jintr  chin  of  bind, 
ingt  thnn  it  uminlly  pUicnl  tin  mrilicat  huola  him  iudweil  iii  In  jtut  Cfr/iriu  vf  our 
rtniidftrd  pxtbttralinug  in  half  Itnin>ia,  and  that  the  ijrutriui/  tttnte  mnif  he  rHirimritijeU, 
fJke  firifU»  hare  been  fixed  at  »ii  mnalt  an  ndoance  nrtr  the  tro»t  of  nhrep,  a»  lo  place  it 
withtn  the  uieaits  of  all  to potxent  a  library  that  ihall  have  attractions  as. well  for  thi 
tye  a*  for  the  mind  of  the  rending  practiliimer, 

Thf  tirinti'd  prii'vit  are  those  «t  which  bo<»k«  can  gonpr.-iliy  b»'  •iin]iliod  l)y  liook- 
•(•Ilvrs  ihroufrhoat  the  United  StAlrs,  who  can  readily  procure  for  tlieir  cuntoiticr*  uny 
workx  not  kept  in  stoek.  Where  aeeeu  to  l>ook»tort-.i  in  not  convi-nicnt,  hook*  will  1>« 
MMit  ljy  ntiiil  ]iOAt-piiid  on  receipt  of  the  price,  iind  lui  the  limit  vi  nmilubic  weight  hna 
liecn  removed,  uo  difiioulty  will  be  experienced  in  obtaining  tlirouj;li  iho  poHt-olhc*- 
liny  work  in  this  catalogue.  No  risks,  however,  Hre  (iscunK.'d  either  on  the  nmncv  or 
on  the  book*,  and  no  publications  but  our  own  im-  supplied,  so  ihsit  (fentionteu  wifl  in 
most  eases  Iind  it  more  convenieDt  to  deal  with  the  nearest  iMok^eller. 

HEXUV  C.  LKA  :>  SON  &  CO. 

Noa.  706  and  708  Saksou  St.,  PinuLDKLPaiA,  March,  1881. 


INCREASED  rNDUCBMBXT  FOR  SUBSCRIBERS  TO 

THE  AMEHICAN  JOURNAL  OF  THE  MEDICAL  SCIEXCKS. 


TWO  MEDIOAL  JOURNALS,  containing  nearly  2000  LARGE  PAGES, 

Free  of  Postage,  for  FIVE  DOLLARS  Per  AnDam. 


TEBMS  FOB  188 L 

The  AuF.niCAN  Jocrnal  or  tiu:  Mkuicvi.  i>c'it.xcE8,  published   |  Fivn  PnliMn 

quarterly  (1150  pajri'i*  per  annum),  with  >  iH>runnuni, 

TtlK  Mkii'lCAi.  Njews  anu  An«i  uact,  monttily  (7«8  pp.  per  annum),  j  in  advanr« 

SKfAKATK  HV HSCHtVTlOXH  TO 

TuE  AMEniCAN  JovicNAL  ov  Till:  Mkuical  2»cik.\ck8,  when  not  paid  foe  in 

advunee.  Five  Dollar*. 
The  IIkuical  Newh  axd  Abstract,  frea  of  poatage,  in  advonctj,  Two  D(ill«r» 

and  a  half. 

*,*  Advance  paying  Bubacrilwrs  can  obtain  at  the  eloM  of  the  year  cloth  cowr*. 
frilt.lettered,  for  each  volume  of  the  Journal  (two  annually),  and  of  tlie  Newa  xad 
Abatracl  (one  annually),  free  by  mail,  by  remitting  ten  centi  for  cncb  cover. 


It  will  thus  be  seen  that  for  the  moileraU.'  Bum  of  FiVK  Dullaiis  in  advance,  tke 
aubscriber  will  reeeivc,  free  of  postage,  the  e(|uivalent  of  four  large  octavo  volunus, 
stortid  with  the  choicest  mutter,  original  and  selected,  that  can  be  furnished  bv  iWe 
medical  literature  of  both  hemispheres.  Thus  taken  together,  the  "Juuknal,"  ami 
the  '^Nkws  and  Auhtiiact"  combine  the  Advantage*  of  tbe  ttaborate  prupanttion 
that  can  be  devoted  to  the  Quarterly  witli  the  prompt  conveyance  of  intcUigeiwc  by 
the  Monthly;  while,  the  whole  being  under  a  single  ediiorinl  supervision,  the  auU 
aeriber  U  secured  jigninst  the  duplication  of  matter  inevitable  wImu  y*'^'^^^^^''^'*^^'*^^"^ 
difTert'nt  sources  are  taken  together. 

The  pcriodicuh  that  oil'ercd  at  this  UDprcice^ttnXe&  TaXe  «r»  -Mi^wtvii^l  ">ub«sp««-  ^» 


2    IIenrt  C.  Lea's  Son  &  Co.'s  Publications — (^m.  Joum.  Med,  Sei.). 
their  high  profeBsional  standing. 

THE  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES, 

Edited  by  I.  MINIS  HAYS,  M.D., 
for  more  than  half  a  century  has  maintained  its  position  in  the  front  rank  of  tti 
medical  literature  of  the  world.  Cordially  supported  by  the  profession  of  America,  it 
cireulatA^s  trherever  the  language  ia  read,  and  is  universally  regarded  as  the  natiomi 
exponent  of  American  medicine — a  position  to  which  it  is  entitled  by  the  distingniihrd 
names  from  every  .<!cction  of  the  Union  which  arc  to  be  found  amonj;  its  colUbonton.* 
It  is  issued  quart(.>rly,  in  January,  April,  July,  and  October,  each  number  contaimig 
about  three  hundred  oc-tuvo  pages,  appropriately  illustrated  vrherever  necessary.  A 
large  portion  of  this  sjjace  is  devoted  to  Original  Commanieations,  embracing  pqicR 
trom  the  most  eminent  members  of  the  profession  throughout  the  country. 

Following  tliis  is  the  Kkvikw  Department,  containing  extended  reviews  by  «■■ 
}K'tent  writers  of  prominent  new  works  and  topics  ot  the  day,  together  with  namerai 
elaborate  Analytical  and  Bibliographical  Notices,  giving  a  fairly  complete  survey  of 
medical  literature. 

Then  follows  the  Quarterly  Summary  of  Improvkmemts  akd  Discotebio 
IN  tuk  Medical  Sciences,  classified  and  arranged  under  difierent  heads,  and  fin- 
ishing a  digest  of  medical  progress,  abroad  and  at  home. 

Thus  during  the  year  1880  the  "Journal"  contained  67  Original  Communicatiaai. 
mostly  elaborate  in  character,  170  Reviews  and  Bibliographical  Notices,  and  147  irtidt* 
in  the  Quarterly  Summari<;s,  illustrated  with  47  wood  engravings. 

That  the  etibrts  thus  made  to  maintain  the  high  reputation  of  the  "Journal"  iff 
successful,  is  shown  by  the  ])osition  accorded  to  it  in  both  America  and  £arope  u  tLc 
leading  organ  of  medical  progress: — 

ThU  Ih  nnUorsKlly  RcknowledKcd  >*  the  leading  i     Tb«  PhlUdnlphU  MedlcAl  «Bd  Pbjuicml  JmiuI 
Amciicaii  Juurual,  and  bait  I'ceu  condncteJ  ly  Dr.   i'Wiied  its  finit  Dumber  ia  I62Q,  kod,  after  i  brilna: 
liuTs  aluui*  until  lt>>'!).  when  hm  xnii  wa"  aii!<oc1a'<>d    citr«»r,    AVts  BUcceeded    in    l!i27    hj   tht  .AsKiiru 
vi'li  liiiit      W.?  ijiiite  ii|{ie«' witli  ilie  criiic.  ihht  tblx    Joat^tl    ;>l  the   Medical    8clenr»<t,   a  i*ri.»4f»i'' 
jourual  iKKncund  tuiiuDi*  In  ihe  laDKna)(e,and  clief  r-    w«'M-wiile  repnttttloa  ;  the  abIc>Bt  and  c-or  'f  :k< 
fully  accord  to  it  the  flrHt  pU<*,  for  now  hpr>- ahull   ol(1<««t  perlodkalHia  the  world — a  Journal  wbtCD  tv 
wo  itnd  iiioie  ahl<>  aiid  iiior-'  impartial  criticiKm.  and    an  iu>Hiini<.K!  i'«curd. — Ormm't  Uittory  o/  Amtrtta 
nowhiTf  auch  a  repertory  of  able  ori((iDul  articl<-».    Mttf.  Lifemturt   lft76. 

li:.li..-d,  now  that  th.>  ''British  and  Koreigu  M.d.oo- 1     The  bebtmetMcal  Journal ev*rpnblUhed in EiKf* 
Ch  rn.K>cal  ll.vl^w'   hax  terminated  liacHr.'er,  the  '  <,,  Amerffa.-Fa.  jJtA  Monthty.  Mar   l^Ts. 
Auicricau  Jourmil  rtaiid^  without «  rival.— LowtoH  I      ,.  ,         ,  ,,         .  .     .       .       ' 

J/.rf.  Tim^*  uiKi  Uaztitt,  Nov.  24,  Xhll.  '     "  '*  unlTenially  acknowledged  to  he  tht  Kiduf 

..     .  ,  ,  .  ....      .American  medical  Jourual,  and.  in  oar  u«ia>«i.  • 

Th.'  l.e»t  medical  Journal  on  the  c..ntlnent.-a>#-    ^^cond  lo  none  in  the  lanifaajje.- wia  jjei  :i 
ton  M»i.  ut.d  Hiirg.  Ji.umtil,  April.  1.n,s».  i  ^^^^  Journal,  Oct.  1877.  »"•«<»»  Mtu. 

The  pre-ent  nun-ber  of  the  Amerl.an  Juurnal  i*  |     Thla Is  the  medical  Jonrnalof  onreonntrTt>wlikk 
au  ixreedlDKly  K0"d  one.  ai.d  g  vea  ov.iy  promise  .  ,he  American  phy.ician  abroad  will  Llul  wiii  ^* 
of    -naintaming   the  well-earn.'d  reputation  of  the      ^^^,p^t  ,„ti,f|^jj'i„„      ,  „,,  J  '^   I    '^  ;^' 

r«vlew.    Our  venerable  contemporary  haa  our  be.     «,,  ^„n„re  In  hi.  coinlry       For  a  great  in.nT  «-- 
wi.bes,  and  we  can  ....ly  .xpr.  s«  the  h-pe  that  it    ,j  ,..,,  been  the  medium   thronsh  wh!ch  oifrVtM 

may  continue  its  w-rk  with  aa  murh  vigor  and  ex-    „,.iter«   have   made    knuvn     jiTJi-     liJ-  -  «--  .  i 

infence  .or  the  n;xt  llay  years  a.  it  haa  exbibU.d  |  ^^^^J^.^/^^f,^^/,^^^^ 

in  the  paat.-ionJof.  iMuctt,  i,or.  24,  1*,7.  j^„^,  InUmational  JTed.  Oto»pri#/.  sVpt  1 '< 

And  that  it  was  specifically  included  in  the  award  of  a  mtidal  of  merit  to  the  Psl>- 
lislicrs  in  the  Vienna  Exhibition  in  1878. 

The  subscription  price  of  the  "American  Journal  of  thk  Medical  Sciescfs" 
has  never  been  raised  during  its  long  career.  It  is  still  Five  Dollars  per  annua: 
«nd  when  i)aid  for  in  advance,  the  subscriber  receives  in  addition  the  **Mkdical 
N  Kws  AND  Abstract,"  making  in  all  nearly  2000  large  octavo  pages  per  annnm,  frci 
of  iK>st«ge. 

II. 

THE  MEDICAL  KEWS  AND  ABSTRACT. 

Thjrty-oiglt  years  ago  the  "Mf.dical  Nkwb"  was  commenced  as  a  monthlj  te 
convey  to  the  subscribers  of  the  "American  Journal"  the  clinical  instruction  «i 

•  Oonili  aiiWat\nnH  ate  \n'H\W4  Uom  a«n\.\«Tu«^  \a.  vW  v«'«k  <*■  >^*  w«(»».vc|.  AxticUa  iMMMl»A^  »M 
Bdltoi  ar«  lihei&Uj  paiA  tw  \>1  0^«  T>u^\\»kk»ia. 
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current  information  vhiob  could  not  be  accommodated  in  tbp  Qaurterly.  It  conrifltrd 
of  »ixt«  in  page«  of  such  matter,  together  with  sixteen  more  known  us  thf  lJhr»rY 
Dejiartment  and  devoted  to  the  publishing  of  bookfl.  With  tlie  int-rfu-sed  propreng  of 
iH'iencc,  howcrrr.  this"  was  fcnind  In«uflicifiit,  nud  jomc  ycMrn  niiK-o  anolhtT  juTiodirnl, 
known  iis  th<;  "  Mo.\TJii.r  AutnTUACT,"  rtm  sUtrted,  iind  wtis  furnished  at  u  tuoiJorato 
price  to  suljsrribcrg  to  the  "Amehican  JounKAL."  Tbene  two  tnonthliefl  h«re  bren 
con8olid)»ti"d,  under  the  title  of  "The  Medical  KKwrs  x>d  AiisTUAor,"  und  arc 
fumishfd  j'ree  nj  chatfje  in  eonni-ction  with  the  ^'AmkuiCAN  Jouiinai.." 

The  "Nkws  and  AnsTiiACT*'  eonsistj  of  64  piiges  ninnthly,  iu  k  neat  cover.  It 
_eonUiiDs  A  Clinical  I)t;rAiiTMK.NT  in  which  will  hv  contiuui'd  thii  nvries  of  Ouiuinal 
Lmbrican  Clinical  Lkctkkkh,  hy  gentlemen  of  the  hi^rhcst  repntiition  Ihrougii. 
jt  the  Vuited  States,  together  with  a  choice  Milcction  of  forvign  Lvetun.*!)  and 
lioopilttl  Notes  and  Gleaning*.  Then  followA  the  Monthly  AnsmAcr,  «y!it«mati- 
cally  arraiigeil  and  classified,  ond  pre«»titing  five  or  six  humln-d  :i Hiclct"y early  ;  and 
each  niimlier  coaeludec  with  an  Eimtokial  and  a  Nkvv»  Dti'AKTMKNT,  giving  enjf- 
n-nt  pnifessional  intelligence,  domestieand  foreign,  the  whole  fully  indexed  Kt  the  close 
of  each  volume,  rendering  it  of  permanent  value  for  referencr. 

A"  utated  above,  the  aulwcription  price  to  the  •'Nkwb  ANt»  AsirntACT"  i*  Two 
Dollars  and  a  Half  jwr  annum,  invariably  in  advance,  at  which  rate  it  rnnk»  us  one 
of  the  cheapest  medical  periodicals  in  the  country.  But  it  \n  alwj  furiiitihed,  free  of 
»11  charge,  in  commuiafion  with  the  "Amkimcas  ,foritXAL  oV  tiik  Mi.dical 
SciKXf  KS,"  to  all  who  remit  Five  Dollaiw  in  advance,  thu»  giving  to  the  nubt^'riliert 
for  that  very  modcrnte  sum,  a  complete  record  of  medical  progress  throughout  thf 
world,  in  the  compass  of  about  two  thousand  larg«  oetivo  pages. 

Iu  lhi5  ellbrt  to  fumiiih  «o  large  an  amount  ot'  praehcul  iufuniiation  nt  a  prioo  ao  ui»> 
Brecedentedly  low,  and  thus  place  it  within  the  reach  of  every  mcnib4!r  of  ili«.'  jirofes- 
lou,  the  puUitihers  coiifwieutly  untiei|Mit<'  the  friendly  aid  of  all  who  feel  an  interest  in 
the  dii»svniiniition  of  sound  me<lioal  literature.  They  tnuif,  aMpi^-tally,  that  the  sulv 
■eriheni  to  the  "Amekica.v  Mkuical  ,J(»trK>'AL,"  will  c«U  the  attunliun  of  thrir 
aequuintaiices  U}  the  udvatitiigeii  tlius  ofl'ered,  and  that  they  will  Ite  susttiiuud  in  t]ii> 
endeavor  to  permanenth  cstahlj«h  niediciil  ]>eriodical  literature  on  k  footing  of  clieiir*- 
oeo*  never  heretofore  attempted. 

PREMIUM  rOE  OBTAINING  NEW  SDBSdRIBERS  TO  THE  "JOUBNAL." 

Any  gentleman  who  will  remit  the  amoiiut  for  two  suhseriptionji  for  I8M,  one  of 
which  ut  least  must  be  for  a  new  nuOfcrihrr,  will  njceive  us  a  i'iu:.Mitjtf,  frww  by  utaiU 
ft  copy  of  any  one  of  the  following  rt»«"ent  work» : — 

"SkILKR  on  THF.  ThkoaT"  (dtw  p.   1!»), 

"  l)AR?rK«'9  MAXttAL  OK  AIii>wi vi.ut'*  (scc  p.  '25), 

"TiLUfiiY  Fox's  Ei'iTOMK  or  Du»kasils  oit  tiitt  Siux,"  new  edition  (•ws 

p.  IH), 
•'HoMiKw'n  I/anpmahkh,  MKt>iCAL  ANo  RrRorcAt"  (oMp.  <), 
"Uui-\  I  MK  UriK  Of  TIIK  Oi'ii  -oofk"  (aee  p.  Su), 

"  Klp  vs  on  CoN'SKUvAxn  '  v K"  {*e«  p.  1 4J, 

"Sri'Kt.f:'   !*  *_J.IMCAL  MkPICINK'"  (M'.    p.    i..|, 

"SwAVXK'f*  OusiKTuic  AfHMittaMH,"  new  editioo  (tet  p.  il), 

"Tasm:u'*s  Clinical  Mam'al"  (we  p.  A), 

"  Wkst  om  Nekvocm  DiKonDKRs  or  Ciiiuorkn"  (»ee  p.  20). 

•^*  (icn:  ivail  thenc<>  '  d» 

well  to  for  'ii«  at  an  ,;  „f 

•ompleti     >.  I      iM  .  I  XM  . 

^-  1  1.  '.  I  II, /«i  ..(  remittnncr  is  by  bank  check  or  jtrmUk]  monev'  order,  drawn 
III  ilie  oniir  ut   tin:  umiiTsigneil,      Where  these  are  not  n-  ''  ij,,. 

••.IniK.NAi,"  may  be  made  at  Ihe  ri:>k  of  the  pul)lijhers,  I  ,  >  i> 

letten.     AddreM, 

Uknut  C.  I.ka'*  Sok  &  Co.,  Voe.  709  wttd  708  Snuotn  St.,  l?>s\»,.,>t*.. 
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Cob- 


na^OLISON  (ROD LET),  M.D., 

Latt  Prv/wtOT  '</  InilUnttt  of  Uatirtn0tH  /•#hr«(in  JArtlMl  OettiffM,  r>tl»liM|;ii»M 

MEDICAL  LEXICON;  A  Dictionabv  or  Mbdioal  Scibmcb; 

tivininp  a  ooacUe  etplanatinn  of  the  varioui  SsbJeeU  knd  Term*  ofAi'-'-"'-     V^- 
Putbolojiy.  nygienr.  Therapeutics.  PhnrnittCology ,  Pharmacy,  Surjfer 
Jurinpruilencc.  nod  DentisirT.     Notice*  of  ClJon«le  and  of  Minardi  vs 
OtSelnal,  Um]]iiioal,  and  Dietetic  Preparation*;  -with  lh«  Ara«iitu.-itii>B  u. 
Ihe  Ternia,  »nd  the  French  and  other  Synonyaie*  ,  sc  aj<  to  cuDditut*  »  1- 
Bnglif.h  Medioal  Loilcon.     A  New  Edition      Tboronphly  Rertneil,  or  '  ■  » 

ifiad  and  Augtneitled.     By  RicBAnn  J.  I>ti?iSLi80!<i.  M.I).     In  one  « 
some  royal  octavo  i-oluinr  ol  over  1100  page*.    Cloth.  $6  60  ;  l*ather,  r 
hnlf  RuMla,  »8-     (Jtitr  hsufd.) 
The  object  of  the  natbor  from  the  outtrt  has  not  been  to  isAkc  the  vnrk'  a  TEf>re  IrHyeatrJ 
.^U«iioD«ry  ol  terms,  bat  to  afford.  andei«ach,  a  condensed  view  of  lt«v«ri<<' 
•ad  tbuB  to  render  the  work  an  epitome  of  the  eziiiiinK  condition  of  med  i 
WUh  tbl«  view,  tbeiaim<«niiedeinjind  wfalcb  bar  exliited  for  the  worlt  hrvi  cn^  < 
f^.'iRionr.to  augment  it«  oompletencsianduiefalaei*,  on  til  at  length  it  hmi>M|.tfttaedtbe]^(<*itit>t 
of  n  recognised  and  ttand.-vrd  intburity  wherever  tb«  langnagfe  is  cpokea. 

.<ipecinl  painf  have  been  taken  in  thepreparation  of  the  prraent  cditifiB  to  ir  '  i>  n 

vinblereputalinn.  Duringthe  tm  yenrs  whicbbnveel<p«ed  Ktnvetbe  Itml  r^vifi.  t>«H 

lu  the  ttomenilatureolthe  uitdicnl  rciencrr  have  becn>^reutar  tl.  '  '.4 

of  ibe  piti<i,  .tnd  up  to  t)ir  ( iinr  of  bi!<  denth  the  luthoi  labored  p 
thinp  requiring  the  nttcDtinn  nf  the  'tirlent  tix  prarti  inner.     ~ 

«'|aally  tnduslrioufl,  no  that  the  addition*  in  the  vocnbulnry  arvmnrv  ntitueron*  •  bos  vb  any  K*- 
viiiu*  ravislon.    Especial  ullrtitiun  bar  been  be«tuwed  on  the  accentaatioD.  wtiieki  wll)  b*  f«u4j 
iii.irkcd  on  every  word     The  typ  ■grnpbi'^ot  arrangement  him  been  much  ini|>r<.>i«<t.  tei 
relerenoe  much  mure  enry,  and  ev^ry  en-rt  bii«  been  taken  with  the  nicchaDical  i>xr<tii»* 
wirk  hftf  been  printed  on  new  type,  small  but  ajceedingly  clear,  with  »n  ealargtd  psc*<< 
ilie  additionft  have  been  incorp»i,iled  with  itn  inoren.<ic  of  hut  little  over  «  hanUred  pagM.'bl 
ine  volume  now  contain*  the  nintler  of  at  least  four  ordinary  octavo* 

am;  ...  ,  .  , 


.\  book  well  Kunwii  to  uur  r<'*U<'i>.  nnU  o(  «hii'l> 
<^ury  AinenrAn  ougcht  to  >>r  proitit.  Vi'hr  i\  the  Irsrnmt 
%.iibor  <»f  the  work  pao^*^  »*«.»,  i>r<>t>«hl>  kll  of  u» 
loAred  lest  the  \mo\  ihould  U'<1  lunliiinlii  itx  (ilarr 
In  llie  »il»»oclng  •clenri"  iirbo«c  l«<rm«  It  tleflm-*.  Fnr- 
(juutnlx.ltr.  KtcharJ  .1 .  Iiui.liM-.  i..  t.m  Imr  »-.i-t..,l  his 
f«tb<<rln  the  rerinlcTi 

ami  liaving  been,  th<'r  i 

l.iiiiUKil  •rith  the  nriri 

etllt  It,  not  in  tbw  pttii:liw„rk  ui)i.uu<-i'  i>o  <i«.>r  Ui  llm 
iicart  of  iKwK  eJllom,  «o  repulairv  u>  thu  tMlr  of  Intel 

itr- 


k  r-«<l«ri>,biittoedllll  «.r,-^-..rl.    .nheklDrt  *  ll»hl»D«aag»,t>liDt;. 
.1-10  carry  It  on     •  ,,ui  j„  ,  for  aboul  lorly  > 

„r  i.  »Ion(t  tlic  frw...  II    ha*     »■  <""  P*"^   •«>  f 

„..., ...iifltflllf«Umr.    Ty-i.  ,^(,itudr  '  m*""'*'.  *"'' 

a(  ihe  luk  wLiieh  Dr  DuniriHon  tutu  i>p«uai<><J  nod  rar- 
rie'l  throU|(b,l(  I*  only  nrrvjoarT  to  utatn  that  more 
thtn  xli  tbouaaod  hbw  nuliuectF  hnTebi^n  (idUvd  la  tbe 
nr«<-<Dtwllttoo,— i'Atlo-J'x'.ninu,  Jan  3,  10*4 

..t bodt  the  nr*t  Itook  purcbBMd  by  tbe  medical  etn- 
Jentlilh*  Medical  Dictionary.  The  lexicoa  eiplana' 
lo-v  of  technical  term!  li^dmply  a  lin/  qua  nnn.  In  a 
•  rK'Ore  *0  elteDnWn,  and  irlth  jiiicb  eollati'rilra?  mi'dl 
oliiei  it  In  a<  muob  a  Dene«sUy  alio  to  th<t  prectlnioi: 
nhy>li'l>iD.  To  uient  Ibe  «aDti>  of  Ktndenu  and  mofl 
phyrlriano,  the  divllonary  muct  br  cnndpn^^J  ■hll« 
c.jiin>r«henKlve,aDd  practical  whll<i  penplmciou*.  il 
wai  beoauw  DunKHfo'*  met  lb«se  Indlrallonn  that  il 
b<-name  at  once  tbe  dictionary  of  (?»neral  u»e  wheri<ter 
lUHiliclne  wa»  ntudied  In  the  Knifllnh  lanifuatie.  In  no 
for  nurrevUlonhavplhitalteratioDKandadditiooii  been 
«.i  :.-,^at.  Muri-than'ljithouMndncw  «ulij<vt»andf*'rBi» 
li»t»  beeu  »<lJ»l.The«hlertercif  hiiTi>beeni«'t  In  black 
\«tt<'r,  «hile  the  dorlTailree  follow  in  «mall  cap*;  an 


nr*4  Vj  tk*  I 

"tl  -kiaallUal***)) 

*«*•>'  I  .irs4  ' 

tinunuci  of  iliv  (iu-us<-u  «u   \ua<t.  ftot^Xti 
itandardaQthnritv."— /?M>HT<i<fl>  f^nae,  iaa 

II  h*«  the  rareniarll  that  n -•-•y  h^a\ 

Id  Ibe  EoglUh  lan^aiie  fur  .  .adi 

ftifareiiee* — Lmttlnm  Jf*!*-.- 

A*  a  'taBiiard  Work  ' 
If  oni  ibe  very  b« 


r( 


feefloB.      1 

work,  wru 

OD  iboniiii  L 

llabi*  10  eciuauiei  i; 

Hone,  hot  with  wbloh  : 

famllUr      Th<t  w.irk    : 

want — Am  /I'urv   "/ /•'ijrwi..  ><;t>    it:, 

A  ralnable  dlcllooary  of  ib«  lerma   aaial*e<rf< 
medicine  and  ih«   ->i>>-i   .«,>..„. 
tlooe  of  Ibe  i>ul>  ' 
fleeri  greai  cr^il . 

«ell  denerrea  tl..    ., ..j    _„.: 

gbialoed.— fir(f««A  MrU.    J<iurwx  . 

Few  worki  of  lh1»  ct«»a  exbU 
ment  of  palleol  i  '  '      " 

•sieal  of  III*  ••: 
tlfy  lo  ll»  Q'^e  1^ 

farred    by  Or.  K  iliiry  i7iin(ii».,Q 
and  Indeed  oa  iHbera,  by  tia  laaaa. fjug) 


a'-r.«Qi''ment  irbU'b  ureatly  fadlUatfp  refi»r<'ni-».     U>  i  May  13    U7». 

iJOBLYN  {RICHARD  D),  MD. 
^  A  DICTIONARY  OF  THE  TERMS  USED  IN  MEDICINE 

TnK  COLLATERAL  BCIENCES.     Revised,  with  nnmerouf  addition*,  hj  Ttajtc  B>i 
M-  !>•,  Editor  of  th«  "  Amerioan  Journal  of  the  Medieal  S«len««»."     !■  ^nm  I 
ISmo.  votnm«  of  over  500  doable-oolnmned  paga*  ;  ololh,  tl  b%  ;  |««tlt«r.  $t 
ltd  thi' beot  book  of  deHoltlooa  we  bav«,  and  oaghlalirayii  to  b«  opua  the  atadem'a  tabl*." 
jt.d.aad  Svrg  Joumnl. 

I   0 DWELL  {O.  F),  F.R.A.S.,  ^r. 
-**   A  DICTIONARY  OF  SCIENCE:  Comprising  Astronomy,  Chfi 

ittry,  Dynamic*,  Bleotrioity,  Heat,  HjdrodynRmio*.  Uydronatioi.  Light,  Ma<a«  ' 
Mechnn^c*,  MeleoToVoM,?tie*m»V\<s*,%»wk^4,wo'ifei^a<«.«.  Preceded  by  mh'Bm**  OB  i 
History  of  tb«  'P\iy*\fc«i\  Bii\«Tit*».  \tk  ?)■&•  '^«.Ti^«bm.«  <>«.va.'«^  '^'<>^^v^«^«kt.Vil< 
man  J  iUwttiAion*  ■.  ii\oX^,%i- 


IlEXftT  C.  Lka's  Son  &  Co/b  PvBLiOATroits — {Manuale).  5 

A  CKSTORF  OF  AMERICAN  MBDICISB.  177«-IR7fi.  By  Doctoro  E.  H. 
-^^  Clark«,  H  J.  Bifelow,  8.  D  Oron.T.  G.  Thomtu.  and  J.  8.  Billing*.  loonererj  band- 
•«»«  liao.  votuo)«  DfiLbottt  3^0  pAfT**  •'  cloth,  |S  Zfr.  (Aniw/y  InHfd.) 
TbI*  work  &p[>ror«d  in  tlie  pugs*  of  (h«  American  Journal  of  the  U(H{iaal  t<ei*D<>rai)i(rin);  lb« 
f^a^  IH7(l.  An  a  d«  (ailed  BerountD(lh«  d^vrlopiuenC  of  iDrdie!ilfri«nr«  tn  Aaiariiia,  by  grnlle. 
B«D  of  (b«  higheit  itiithority  In  Ibeir  re«p«ctive  drparluvDla,  th«  p(ol«ii«ioairUl  do  Jagbt  wel- 
•om«  tl  1b  a  furm  adapted  for  pr«*«r ration  and  reforfocc. 


VTfi/LL  (JOHN),  M.D.:and     i^MlTIT  {FRANCIS  G.),  M.D., 
AN    ANALYTICAL   COxMPENDIUM    OF   THE    VAKIOUS 

BEANCnBS  OF  MEDICAL  tSCIKMCE,  for  tb«  Caa  and  Bianiinnlioa  of  StudcotR.  A 
aawadltioB,  rcriMd  and  Improved,  la  one  very  large  and  handaoiual;  prtntvd  royni  |2uo. 
Toluna,  of  about  en-i  tbouiiaDu  p»jM,*wllA  ST4  woed-oata,  tflocb,  $4  {atroacly  bound  la 
le»(b«r,  with  raUed  banda,  $4  7i. 


JJARTSBORNB  [BENRT),  M.  D., 

Pru/tttar  »/  By:/itmt  <«  tkt  UitiftrtU^  of  Pn^ntyltania., 

A    CONSPECTUS    OF   THE   MEDICAL   SCIENCES;    conlnining 

Bandbooki  f>B    AnaioBiy,  Phyrinltigy,  Ohctntrtry,   Materia    Medico.    Praetical  Medioiet, 

■""'"■       "••■■" -'"My  rerUed  and  improved.  In  one  Urga 

inieil  pagai,  witb  477  llluftraliont  oa 

•  Mird.) 

W'ltiby.  IfiioJfali  maat  baTf  a  ei>«<riorlaa,  lb*y,^ 
will  be  wUe  tn  |ir>>cnr«  tli«t  of  Dr  Haruhnroe  — t 
Dolrttil  a*9.a/ ltr4  nnri  H--r- 

Tbe  wnrk  b*fnr*  na  baa  - 
aoi  pnaaiwxd   hr  nthrrn. 


Biirgery,  and  Obitetrlea.  Second  KdiH<^ 
r<iyAl  l3mo.  TolDm«  of  tnore  thnn  ItKH' 
wcud      Cloth,  f  4  15  ;  leather,  IIS  00 

W(i  CAD  »«y  Wltb  the  •irletei't  trnti  ''■ 

betrwork  of  tt»*  kind  inth  which  w>   .  1 

I,    ..  ...  I,...L<.,   I,,  .    ^..i    .l^r,  ..,1    r.irill    I.  J  I    '.  '.  ll|l< 

(  "   anrfnt  t 

I  ■  "uutry,  I 

t ■:  of  atq- 

d  -  fatttifulljr  aod  »bly 

...rn.,  April,  »97» 
ir  IB   kid  lo  the  madleal 
■•art  (o  «>)mlrahly  fyilll  Hi 
^__  rabgencal,  the  fall  compt- 

lUaa  of  factn.iiiiei  fTai'leuSiy  aud  l«r««s«a»  nf  Uo- 
■«,  aad  lb*  clear  aid   laairnotlrs  uloairaduoa 


1*7* 


iia|<i 


A'  I 

f- 

w 

TIm 

anJ  <" 


b.nl-rir  >.;ili   111, 

''H   ifiadw  al  Boe  h)* 

l.l>  ttlii'.'tjr   •'••    i 


pari"  ■■>f  lb"  Wjrli  —Arn'rlcun  Jnurn.  n/    to    lli* 


buok  l««r<-'  II  'lI'.lDt 


■  f<<;w  ..•(  ll!«  l»i»,l, 
ibeapaM  J^ruleil' 
I  «SK;sili>a  u(  ih«' 


/■  .v,  i»:4 

•  ful,  BOloaly  lo  ato-  i  Jatrnnl  n/  UfUct', 
inajr  Jaalra  lorefraab  i      After  carefully  I'  ,1  ihL>  <•  .T>.r„.^ii,. 

.litlr  iu*>tt<>rl«a  wllb  lUeauialleaC  pttaatbl*  evpeadl-    We  ere  evBairained   - 

|«r«  (fttlnie,— y.  T  Hid  Journal,  Heft.  IHTi.  1  plata  w.irk,  aapwla  1 

Tbea<uJ«B»wlJUDdliilalbem«»ale«BTeBUBla»d  '  '»*•'  »•  ba»e  aeea  —  ■  .  ....... .^.i  ^  . ;.  _  ,    ._,..    ,4. 

;a..ful  l.ool^  of  ibe  klud  00  whw-h  be  «.a  Ur  bl-  |     The  heor  wttb  wblab  ibe  flrat  edliloa  vt  tbJa 


<tA  —P-trijlc  Mft  itt^  iturg.JiiMrn.,  kat   ll»74 
'  beal  book  <if  Ita  klod  (bat  wa  ha*»  ev. 
It  la  ao   boD<!al,  Arearaia,  (Bil  dooi^ 
rop  lldl  ■cloDcea,  aa  fairly  aa  p»«>l 
'  Ql  ciiodlllna       Tbachan. 
l>r«B  av  Jildl'looa  avil  ^ 
'  '  far  aa  It  (uea,aBtlrely  Iru - 


{  ytf-auUbn  lliaa 
maoaar,— l^ufti^J 


T  VDLOW  (J.L,),  M.D. 
A    MANUAL  OF  EXAMINATIONS  upon  Anatomy,  Phy^olopy, 

Surgery,  Practice  of  Medlelne,  <ii  Cbeniiftry.  Pfan  ,| 

Tbarapeutlca.  To  whinb  t«  add«d  i  edition,  thoroDj.-  .1 

and  greatly  extended  and  enlargeu.      V.  ,.u  .-..-,  iiiu:,ir;iviona.      In  one  handai'tu*  ru^^al 
]3uio.  rolame  of  8IA  large  P'^f  »•■     Oloth,  IS  S3  ,  laatbar,  $<  Ti. 
The  arrangement  01  this  Tolnmc  In  the  formof  qneition  and  am  war  renders  it  aapaeially  lalt- 
nMe  for  the  oAoa  examination  of  ttndenta,  and  for  tbo(«  preparing  for  gradualion. 


ffANNER  {THOMAS  HAWKES),  M.D.,^ 

■*  A  MANUAL  OF  CLINICAL  MEDICINE  AND  PHYSICAL  DIAO- 

KOSIS.    Third  Aaerieivn  from  the  Second  London  BdUion.    Roviied  and  Bnlarged  b] 
Tiiannr  Fox.  M.  D.,  Phyiioian  lotbe  Skin  Department  in  Unireraity  Coltere  HoapUal,' 
Lmdon,  A«.   In  one  neat  vol  a  me  am  all  ISmo.ol'aboat  S7i  page*,  cloth,  fl  60. 

*«*  On  page  S,  It  will  ba  teen  that  tbli  worlt  In  offered  a«  a  premium  for  pro«ari&v^'* 
•4bi>eriber»  lo  tb«  "  AainiCAi  JovasxL  or  mi  Mioicax  Scianc&%.'^ 


Henry  C.  Lea's  Son  &  Co.'s  Publications — (Arioiomy). 


QR^T  (BENRT),  F.R.S., 

t,rclur»r  on  Anatam^  nt  HI-  (tr^rg*'*  Bo«j>Uat,  Loitdon. 

ANATOMY,  DESCRIPTIVE    AND  SURGICAL.    The  Drawingi 

H.  V.  Cartbr,  M.D.,and  Dr.  Wks^tmacott.  The  Dlas«ctioQt  joiotly  b;  t>>-   *•  -riaol 
Dr.  CAKtait.     With  an    Inlroductioo    on    Ocneriil   Aostom;  and  Dc . 
H01.MB8,  M.A. ,  Surgeon  to  Su  Ueorge'i  Hovpital.     A  new  AiDerie««i.  ' 
enlurgfd  an<J  Imprci^ed  London  edilioa.    To  which  id  added  "Lakdkark 
BunoicAL."  by  Ldtuer  Holdem,  F.R.C.S..  author  of"  Humsn  Ofteolr  l- 
or  UiMection*,"  etc-     In  one  mugDifio«Qi  iuiperl«il  octavo  volunit  ol  > --^    ^l 
522  large  andel&borkte  engrnvinga  on  wood.     Cloth,  $6;  ieftthei,  r»ieed  bkfuU,  97( 
hair  Rufsiti,  f  7  BO.     {Noit>  Rfadti.) 
The  author  ban  endeavored  inlhieworkto  cover  a  more  extended  range  of  sabjeote  than  iicvi" 
tomivrj  in  the  ordinary  test-buokB,  by  giving  not  only  the  detaiU  nece^aary  for  the  ttodenk,  bat 
also  the  applioationof  tbo«e  details  in  the  practice  of  inedioine  andnurgery,  thaii  rendering  it  both 
a  guide  for  the  learner,  and  an  admirable  work  of  reference  for  the  a(!tivepr»otitioDeT.  The  ee- 
gravings  form  a  »peoiiil  feature  in  the  work,  many  of  them  being  the  site  of  natarc,  nearly  all 
original,  and  having  the  names  of  the  variou*  part^  printed  on  the  body  of  the  cai,  in  place  of 
Ogareg  of  reference,  witbdeacriptiona  at  the  foot.  They  tbuM  form  a  complete  .ind  tplendid  *erie 
wriioh  will  greatly  asaiat  the  atudentin  obtaining  a  clear  idea  of  Anatomy,  and  will  also  lerre 
refreth  thememory  of  thoie  who  may  find  in  the  ezigenciriof  proetiretbenMeasity  of  rerallia 
the  detaila  of  thediaaectitigroom  \  while  combining,  aa  it  does,  a  complete  .^ttnaof  .Vnatumr,  wV 
a  Ihorongh  treatise  on  aystnmntie,  deeoriptive,  and  applied  Anft.ti>my,  the  work  will  be  fi^nnd  ol 
eisential  uae  to  ail  pbyaiciana  whoreaeireatadenta  in  thair  office?,  reliering  both  preceptor  and 
pupil  of  much  labor  in  laying  the  groundwork  of  a  thnroagh  medioal  edaeation. 

^ince  the  appearnnoe  of  the  lanl  American  Edition,  the  work  bn*  reeeired  ihr#e  r«vl«VAO*al  tbe 
hnnd*ofit«  occonipliahed  editor,  Mr.  llolinec,  who  h»3^ei)  11  ■  •        •      ■  ; 

requisite  to  mitintiiin  itB  reput.-itinn  b»  acnniplete  and  nuir 

of  referenoe.     Still  further  In  increase  ite  u.'efulnes?,  thtr. : 

Srork  by  the  dL»lingui»h<d  nnntumiat,  Mr.  Luther  liuldeu — "Landm  1 
— which  give*  in  a  clear.  conden.aed  and  ayatematic  way,  all  the  inf"i 
titioTier  can  determine  frirni  the  external  aurfnoe  of  the  body  ihe  puM, 
coiuplete.  the  work,  it  \*  believed,  will  furnish  all  the  aaai»tnn<-e  thai  ' 
iliaatration  in  anatnmienl  study.     No  paine  have  been  ipnred  in  the  '.  . ,    ^.  .,  . 
the  volume,  which  will  he  found  in  all  re5pecita  aoperior  to  former  ia.>iuea.     >i<iL 
inorease  of  aiie,  anA>unting  to  over  100  pagea  and  &7  illualratioDa,  it  will  br  kt 
at  a  prioe  rendering  it  one  of  the  ohoapett  work*  ever  offered  to  the  Aio?ri< 

The  recent  work  nf  Mr    (Iold«D,  which  waa  bo.  1  to  ena*iilt  tiln  h.inka  on   a 
lloed  by  na  OD  p.  liS  or  Ibia  vulntoe,  ha»  b»«n  added  Nlm|iJy  lBdl«|>*n«abl«.  evpecii^,, .  . 
a«  ao  appendix,  an  ihal,  Hii<ii(i>tb«r,  i)i1«  Ik  rbe  ni<iii  { tq«a  edltloa.—  Va  M*d.  Xonthiy,  bepi.  1m7B 
pra«t1c«t  nod  cmnplete  aoaiomU'Hl  lr*«tl>«  aTHliuMr  I 
to  American  aladeuls  and  ptiy-trl«D».    The  funnnr 


<>  and  bargioal'  1 
wtiieh  fh»  pro*. 

Tbtfl 


work  I*  I 


llada  In  It  )be  aeeMonry  <al<)i»  lu  in«klug   dl 
llooe;  a  very  «oia|>r«heD«ire  chapter  va   intuute 
aaalumy;  aod  aboai  all  tlial  can  b*  t*<ii|;bt  tiiin  ou 

feaaml  tod  apeoial  anatouy;  wblls  ibe  lailor.tD 
I*  treatmeai  o^  each  r^^ua  fri'iu  u  lurj^ical  point  ul 
vlnw,  and  in  tbe  Talnnble  iidili'ino  of  Mr,  Huldeo, 
will  Und  all  tbalwlll  b«  (»aeiifUI  10  hlhi  Ib  bU 
ptaellce  —  jVfWj  Rtmtd'tii,  knn   1*7«. 

Tiiin  work  U  as  oaar  p^   ' 
fltply  or  roasimably  exp*" 

loxl-book  or  a  «..  ucr.ii  r.  \ 

to  ba.    The  Aim 
of  the  profe-- 
Mr,  Hnlden.'    ' 

wtalrh  ha«  alr>->M|y  hm.n   rMrnr Ii'^l   n-  o  --jiirme 

bijuk.  ThK  latter  work — Ireolln;  of  lupogriti'i.ral 
aoatomy  — liai!  '"i  '<iur  /m  B^arolliil  In  ihr  iibr.iry  ul 
erory   iDlelli.-^  Dfr.      W»    kiiuW   of    n- 

bauk  tbal  <r.  i<ce,  wilt'nu  »»  It  l»  by  ■■ 

niTt  dlallngii  "'»'      ll  woiilJ  beBlll.|M^ 

a  wa»te  of  wuril-  111  -m y  Kiijilblng  furtli«r  !u  pra^-c 
nf  flray'a  aaaiomy.  the  texl-buok  tn  almoal  ev»>r,\ 
■iedl<:al  eolUfie  la  iblneuDDlry,  nad  tb«  dmly  roller 
•aoe  book  uf  every  ptactllloarr  wh4  b«»  oeCaatuD  |  library 


The  ad.lllK^li  ef  lh«  r<^c«at  work   nf  Mr.  |{..i.|>* 
an  *o  appeaillx,  reiiil«rii  Ikla  the  ui 
ciniiiptai*   Irptilaa  arnlUMe  In   A' 
will!  flgil    Ib  It  a  c<iii|'H'!.' 11    11"-  r  . 
anainiuy,  Jibuti'  iirtal 

anil   (peclal  «l    i  ^Mk 

rnglon.  frnin  a  -•  .   .       <ala- 

»bl«  •vAlbiQ  by  Mr    iliMeu-l^kll  tti*l  9ili  br«M«a. 
|l»l   to  llieni  In  praciloe.— Ofc<«  Jtidxmt 
Aug   l«71 


ll  1*  dlfltcall  to  apeak  la  moderate  tema  of  Ikla 
new  edlilou  tif  "Oi-y."  It  «.'»m«  to  be  «•  ararly 
perl<*i:l  aa  tl  la  p  .i  |» 

auv  branch  of  1.'  1  ta* 

•^lulurui   iraa  «  ij. 

eight  edltliiua  i. 
•epio  to  lear»  u 
«.l.lil|.,ri  .vf   Mh 


A> 


-HL.  iMtLU  VUn.  £f  Curd.  Sept.  liZi. 


H' 


Also  FOR  SALK  SBPAKATK — 

'OLDKN  [LUTHER],  F.R.C.S., 
LANDMARKS.  MKDICAL  AND  SURGICAL.   From  the  2d  London 

£d.   In  one haudvume  volume,  royni  t2mo.,  of  i::^'^  iiuirets.  Cloth.  88  cents.    1  ;Yotr  ^'^jv^  1 

TJEATU  (CHRISTOPffER),  F.R.C.S.. 

■*■■*■  Teavhrr  0/  Op^ntl-er  Surgr.ry  in  CntwrtUy  Coiirgt,  t'intton. 

PRACTICAL  ANATOMY:   A  Manual  of  DissectiooB.     From  th* 

S«00Tkd  TevUed  and  improved  London  edition.  Edited,  with  addition*,  by  W.  W.  Kits*, 
M.D.,litctaTet  o-nT?iv\Wc>^vt»\  K^al^tav  in  the  Jefferi^on  Medical  Coflege,  Pbil«del|4ia 
In  one Yi*Bd(someto'j«.\\'imo.'so\vim«Q\.S'\\b-vtt.^*»,-wS.\.\k ■»,<■; vlUttratioM.  CloU,  tXMr 
leather,  (i  ««• 


i 


HErr&T  C.  Lka'b  Son  k  Co.'s  Publications — (Anatomy).  t 

A  LLEN  IHARRISO.V).  M.D. 
A  SYSTEM  OF  HUMAN  ANATOMY:  INCLUDING  ITS  MKDICAL 

,p_i  c....i    ,.,  I..,,.,:    ^.     I-,.  .1,..  r.-    ■  II.  .,.,...... ,...(  SroHpnUof  M  •  '' Wjtb  iin 

1  I..  M  D  ,0|  iMiotba 

1'  -.wilhjevrr.  >  '>riicinal 

illunlruiiuiw  <ii4  atbb^ia^>liiv  pUt<.'^,  ikUti  iiuu»(uui>  w»<j<l-cut«  in  the  \exl.     iHnortln  ) 

In  thi»  flkhorat*  vork,  whirh  hni  been  Sn  nctirp  prpfnrntion  fcir«evernl  yr-nrn,  ihn  nutiinr  b»t 

■ought  tvgive,  nni  iinly  tfavriniiiflf  of<lef>cri(>iivr  i n  n  e1f*ri>Tiil  I  .  liut  nUo 

t}i*prttctifttl  ftppMoBtions  oHb«»eicKC«lo  Ui»'i--  '^'^T-  Th»  >■,  mi  upon 

th<>  iitti-nlinti  ol  Ihr  f;pn»rnl  (■r.irtiM<>n«^r,  n«  wel> .<la<l«nt,  mtii!  ..;.,  ..    ijy  to  re- 

fr«(ib  bin  r»oollecUun«  of  the  dir  tec  ting  ruo  at,  liut  »Uo  to  r«(>i>f(nile  Ibviignineiinee  of  kllrtria- 
Uons  rriiin  ooria*)  ounditioril.  Tlir  mttikixl  ulililjr  of  tbe  objerl  tbnn  nouirht  Ky  the  sutljor  It 
a*lf-«>vi(if  nt,  and  ht»  li>tig  ex|i«rienoe  iin<i  u»ii<lui>u>  ilevution  In  i  -'nlarcA 

infflcieni  |^ttnr:in(rr  uf  i>i«  niunnrr  in  which  hi»  nin>»  h(»vf  hern  ■  >  i  ve  het b 

ipurcd  with  thf  illni-trntlnnj    Tbo»r  of  nnrmnl  »i)ati>tu]r  arc  rrom  1  on 

tloti*  br  Mr.  lieriiinnn   Faiivr,  with  the  nnni«  uf  evty  |inrl  c'<  ,r«, 

atler  ch«  uttDMor  ur  "  UiiIiIph"  iiD<i  "Orn)i, "  and  ie  rrrrv  lyi'x  iba 

•ffort  ofthf  publlnbar*  to  rtodcr  tli«Tolaii>«  worthy  of  tb«  wry  liUUuguiibod  putiliou  wbiob  U 
ftoti^jipated  fur  it. 

PL  LIS  [dKORGE   VINER). 

•/-^  KiKfTitHt  l\,t/ftin,r  "/  AtKttfmi})  In  Pmtttrtttft  Otillrf*,  Loniton. 

DEMONSTRATIONS  OF  ANATOMY;  Hung  a  Oiiide  to  the  Know. 

Ie<lg«  or  the  Hniniiii  Body  by  Diweclion.  lly  GaoNaa  Vinkn  iii.r.i8,  Kcaeritu*  Pr<if»K*or 
of    Anatomy   in    Unlrrr^ity  Collvgo,   London.     Pmin  (he  Kifhih  and  KfTi*4iit   London 
Gditlnn.     In  od«  very  hundfome  octnvo  Toliim*  of  over  700  page*,  with  266  illu^lrntioDJ. 
CUtb,  94.26  ;  leatbrr,  t'j.2b.     [?toii>  Rfoi/jf  ) 
Tbir  work  haa  loDjt  lieen  known  in  Kn^latvd  a*  lb*  leading  autbarily  on  praoliral  anatomy, 
•nd  the  favorite  graiiie  in  the  diKfto  ting- ruoin,  uai*  altetted  by  the  nuiuerou*  editioD*  tbrougb 
which  it  bat  pMted.     In  tbe  la«t  r«>«  Mion,  which  ban  jiikI  appeared  in  Lunilon,  thr  aooMin)>l|«bed 
•  utbcr  baf  iinught  to  bring  it  nn  n  level  with  the  niu«l  recent  adraoees  of  arltnee  fay  making  tba 
oecruary  chungts  iu  hie  account  of  the  microscopic  alrvoluxe  of  tbe  diflereal  organ*,  m  devel- 
oped by  the  laleet  reaearohoe  in  lexiurai  aaaioiny. 

^  " .,,..1   r.  I.  M...   (,- ,...,  I....V     ||<  It«der>hlp  oTer  the  Kngllah  manaaU  upua  dli- 

»:  t««UB«  — rftl/o.  tffU.  T^tnt4,  May  2i,  l!<7a. 

11; 

»llll|.rr«    v..    w  ■ 

«eeni  llial  II  :■ 
■inrcial   Itae. 

a»«lh<ld»  "(    t'ur>ui!'«   «uii.   iiiH  .' I     n;  >  -    K,;.'!. 

gUeo  wUb  •neb  <im\l  I  Lai  (li«  li'iuK  la  h  ■ 
•atliled  !<•  l(>  aaaie.— A<.  L"i>U  Vhnicat  ;> 
Jane,  IkTB. 

Tbe«aeee«anriM»nlJ  mannal  ■•rma  (obea*  well  I  We  mual  aar»>«rr«<lly  re(«maaa<l  It  |a  arery 
detereed  lo  ibe  preteni  aa  lo  ili«  pa-t  Talam**.  praatltloaar  of  madlotaa  who  eao  peaalbly  gel  IL— 
Tbe  book  •ewma  dealloed  to  m»tal»lD  yal  tor  year*  '  Vn.  MtH.  lto**lhlp,  Jaae,  I979. 
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ILSON  [ERASMUS),  F.H.8. 

A  SYSTEM  OF  HUMAN  ANATOMY,  General  and  Special.  Edited 

by  W   H.QoBKErnT.M.D  ,  ProfeMor  <>l  (l^nernl  •.•  '  < ^i   *-•-    Mtlntbe  Medical  Col . 

legeofOhio.     Illa»traled  with  Ibrre  huiidre-l  '  vinff^a  on  wooil.     la 

ODelarie  and  haodnuiuaoelaro  rolame,  of  oi<-'  <>  ,4;  leather,  Si. 


and ^ORNER  (  WILLIA !U  E.).  M.D., 


S 


It,    . 
A;<ai  i^'M  t 


S^MITH{HESRTH.),M.D., 

Pruf.a/ amri/n-y  in  tlu  UHtv-n/ rtnma.,JH.  ""^iol#*V^.  ••/iaatowayta  U*  (Tftta.  et/ /*«>*«. 

AN    ANATOMICAL  ATLAS;   Illuatralive  of  the  Structuie  of  the 

Human  Cody.  In  one  voliuiic,  large  inperial  o«tavo,  olatk,  with  abttni  alx  bandrvd  nnd 
llfty  beautttul1>gU(*«.     $4  40^ 

CHAFER  [ED  WARD  ALBERT),  S/.D., 

AfUlnttt  PKtfttntnf  Phyniiilopif  In  I'Htmrritft  r.VfJ«^«,  LanJnH. 

A  COURSE  OF  PRACTICAL  iJISTOLOUY:  Bdn»f  an  Introduction  to 
the  iJaa  of  tb*  Mtcroefope.  In  ono  handeome  royal  t2inu.  Toluoie  of  304  pagaf,  with 
nnmrfoui  illualraljosa ;  olotb.  (2  00.     (yiial  t*iH*ti.) 

BORJtKK'ft  HrRriAI.   aWAT'iMT    ASH    HISTOl^ 

OOT.     Btfbtb  eautoa.  •  <  '   raeuail  *ad 

Bu4llle4      la  1  *«la.    ^'  r    Iik>'>    |<agea, 

wKbXlU  wuudanla  -  cl    ' 
SntKI'KV     AND    QIIAIN  «     HIMA> 

KeaUed,  b^  i<naru  taivT,  Mil..  X 


A  leal  i>..'>a  ruj 
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Henbt  C.  Lea's  Son  k  Co.'s  Pcblioations — (Physiology). 


n ALTON  (J.  C),  M.D., 

A  TREATISE  ON  HUMAN  PHYSIOLOGY.    Deaigned  for  the  ai 

of  Stade-ntt  and  Priictition«r!i  of  Medicine.  Sixth  edition,  thoroaghlj  revised  and  tolArgr^ 

with  three  hundred  nnd  nixtfen  illustrRtionB  on  wood.   In  one  very  be«atifaloe(»vo  rol 

ume,  of  OTer  800  peges.  Cloth,  $5  50;  leather,  $6  50  i  bnlf  Riwin,  f"    {I^tfty  Fryrt"*^ 

Durlu({ihiip»>'t  few  jpiirBSKi'et-al  new  workion  pliy-)  noiRtinn  moil  H'lii. 

•lolu^y.kcd  tittw  eilltloDf  ofold  work>,b«Tea))|>«Brvd,  |  into  Ihii  pr«*i-i  ' 

«oiii|irl)iiK  fot   l'Lj»-lHVi'r  '-f  111.- tiiiilicMl  .tutlMiit.  bill  j  plicit;  of  (<-xt-! 

none  <iiU  rlT"' 


Inrjc'd.  il  wil 

tur_T  work  of  i  y" 

Ktd.  Joum.  attii  Jij[iimni£r,JiiU.  iHlC. 

Prof.  Dilton  bw  illiiru»nl  conflictinii  thMirivr  and 
O'-tnol union*  re^mriJinit  phyMolo^iral  ,m-  •;■—  -  ;''■  '. 
riiiruv»i>,  m  falnixui.  «n(l  ■  cancNeavf f  «  I 
ae««  and  vigor  to  the  entire  book.    Uut  i 

hi»»«>  been  en  guwrijpj  by»  refuml  nf  mliii.--... .1.  .-. 

•piH.-uUliTeKtid  thtfOrrlicJilfiKplanKtiODA,  Thicbal  to'fl 
mxin  iti  the  inln<Jiiol"ob«<trT*r»thi"ni»vlTpF(i»only  pro- 
b»UlliMea.  tbnt  nonu  of  hi*  rMUlerd  n«wl  be  led  into 
grurp  error.<iw)iile  niftklng thorn  BStudj. — Thi  Mtdieal 
Brcord,  P«b.ie.l876. 

Th«  ruTiAionufllilKitri^itl  wnrkhii«.broiightitforwitnl 
with  tiieiihy*ir>l(igK»l  na«Knc>-4<orthv(l«y.  itndrendi>rr  I  br- 


of  it*  ol.J  ■ 
•if  thfc  V 
Jnurnal  ■■ ' 

This  popular l*xi-b' 
ItaKivlbacliCioowitb  ti. 


U|)  to  lilt' 

flBiitly  v 

may  cdcxhu'? 

'iaai.—St.Lnuit  If'd.iin.t  Surg.Jtiurn  ,  Pre.  ] 

W"  li-Mriil-.   «.•!.. .o..-tl,i-.  Ml.-  -ijll.   .■.!.!,. 
a/|' 


It,  af  it  h»»  e»iT  liiiBq,  tit*  tiiiH.M  work  for  HtuJ^Dl*  KX- 
taut.— Aa»Ai'i'ff*  Joum.ftf  .Ifrd,  arxt  SHry..J»a.  1876, 

For  eliinm<N<ii  and  per(!t>lcuUy,  Daltnii'p  Phyirtolofty 
oonmenilvd  it««lf  to  tlio  aludcDt  yean>  airo,  and  won  a 
pluavaet  r«lief  from  the  verbose  produniuDn  which  It 
aupplantnd.  I'hyjlolr.gy  ii»ii,  hoWfV<»r.  mail*  many  ad- 
»nDci»>  .«ince  ttivo— auil  while  the  ityli-  h»«  b.-isn  pre- 
•  orrea  intact,  the  work  In  tb«  prpwn't  nlillon  ha»  bwn 
broughtupfullyabmaiiloftbetlllitt).  Thvneit  obEmlcul 


th<'  ' 

atia,aj-.  by  alU 

and  wbervf  er  ( ' 

hai  b-HliiiI  i'ri    f 

n-v 

and ^uryuMlJuuntai,iiiu<ii,  lii<t. 


( 
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It   txv  i  nfiriiiiaturii 


flARPENTER  (  WILLIAM  BX  M.D„  F.R.S.,  F.O.S.,  F.L.8., 
PRINCIPLES  OF  HUMAN  PHYSI0LO0Y;Eilitefl  by  Henry Powi 

M.B.  Lond.,  F.R.C.S.,  Examiner  in  Natural  Soiencei.  Univerfily  of  n-.    -  i       4 
American  from  tbv  Eighth  Kevij>ed  And  Eulargrd  English  Edition,  nitb  ' 
tions,  by  Francis  0.  Bhith,  M.D.,  Profesfor  o»  theIni>titate«of  Medici- 
lity  of  Penn^ylvanin.eto.  In  one  very  Urge  ftnd  handt>om«  ootnToroliiiDe,  ol  liiio'i 
with  two  plotes  and  HT-i  engrarings  un  wood.   Cloth, f&  &0  ;  leather,  $fl  SO  j  faoif 
97.     {Juit  Jt*v»d.) 
We  hare  been  agreeably  tnrpriaed  lofind  lb  a  vol- 1  new  a  year  or  twoiffe.  looki  now  a*  If  tt  haJ  W«a 

ame  ••>  complete  la  regard  lu  tbeatrnelareaud  fnoc-  '  ri>eeiTed  and  Mtabti>hrd  fart  for  year 

tlooa  of  t^e  uofTona  *j«t«iD  Id  all  lie  rvlatlooa,  a  1  elopadle  way  it  i«  UDrivaJled.    ii> - 

•  ubject  lb  at.  Id  many  re^peola,  Isuneof  tbo  mu«(  illlB- 1  ui.lalfaejn'BalTalllti  of  the  hook:  oi. 

cull  of  all,  In  ilie  whole  range  of  phyiioiogy,  npoo  |  a  «tu>li<rit  1 

wbloh  to  ptodace  a  full  aod  *alUfactory  traatUo  of.  tui. 

tb«  claai  10  which  Iha  one  befiire  oi  belooga.     The  I  It   ^ 

adJ1(loni>  by  the  Atovrlenn  odltur  give  In  tho  work  »r  1  wbi  .    . 

ll  !•   a  cou«l(lernbte  valne  b«yon>l  that  of  thi  laal    Timoari'^ 

EoglUh  edlilou.    In  coDclntlon,  we  can  g^re  our  ror-        Thetn^-r 

dial  recommeodstlon  ti>  the  work  an  It  DOW  appear*     itn>   ■ 

The  editors  ha»e,  with  their  aOdliioos  to  the  only    tot  1, 

work  unpby«iology  tn  oar  language  that, Id  Ihafall- 1  pri-l 

act  •ea^e  uf  the  word,  )•  the  prod  net  i«D  of  a  phllnKO-    |„.|,~„i  ,im 

pber  a*  well  aa  a  phjBlologUt.braught  it  op  a«  fally  '  [(,,  dthhi. 

at  ooold  beexpected.  If  not  cli««lred,  to  the  standard  I  (|,„  «nMr.. 

uf  oar  knowledge  of  Itaaubjeet  at  the  praieat  day  > 

It  will  deaer redly  malBtalD  the  place  it  bAaalwaj. 

bad  Id  the  favor  of  the  madleal  prufenilon.— Joitr'x 

0/  Stroout  and  M*nlal  t>lna»€,  April,  1877.  'inifrnii'.v  i 

SurhenonnoDii»Jv»be««  bavereceotly  been  made  In  1  lut  UDglLtb  edIUoo.— A'.  I'.  Jtfrd  Joummi,J»M  ItTT 

our  pliyniolugical  knowledge,  that  what  was  perAMtly  | 


1;.  l»T7. 
n»*r'»Pliy^loloirjr**»T»  •owM^tj 


■EfOSTER  [MICHAEL),  M.D.,  F.R.S., 

■M.  Prof,  of  Phf/ttiilojUf  tn  Gtimhridg*  Vntv.,  Bnglanrt. 

TEXT-BOOK   OF   PHYSIOLOGY.     Latest  edition.     In  one   band. 

goma  12mo.  vol,  of  over  800  pftgei,  with  72  Illustration*.     Cloth,  f  .H  00.      {Juh  Rt»Jf  j 

Dr.  foatar  haa  eanbiDed  In  thla  work  theaoDlllet-  |  eomwond  II,  both  Co  lb<>  dlO'lout  and  the  pr»«ilii»a*( 

ing  deslderaLa  In  all  lext-booka— comprebeaatve-    at  belaauneof  the  heat  iaa4-b<Mke  ea  abe-mleloce      ' 

De«K,    brevity,    and   clearoeks.      After   a   earefal    lant  — riM  Lcmdon  X<in<«<. 

peraaal  of  the  whole  work  we  can  oonlldeBtly  re-  . 


LKHHAMK'f)  MANCAL  OF  CHEMICAL  PBTSIOL-    LBHMASyB  PHTSIOLOniCALCHIItfartir 
OQV.    Tranalated  frota  the  'Jarman.  with  note*  I      p|«t*  in  two  large  oetavo  Tolnaiae  ef  IMO 
aadk.ddU\0M,hT  I  CataroaMoBKia,  K.D.   With       with  aooiUailnllaaa:  ilelh.  ••, 
UlaalratVotih  oti  wcioi..    Va  o**  o6Va.\\>  ^qV^uu  cil  I 


Hkv&t  G.  Lba'b  Son  &  Co.'s  PV3UCA7lotis—^(  Chemistry), 
A  TTFIELD  [JOHN).  Ph.D., 
CHEMISTRV,  GENERAL,  MEDICAL,  AND  PHARMACEUTICAL; 

Inaluiiini^  theChi'i   '  - 1.><  U.  B.  Pliarmix-oi'diia.   A  Manuul  of  tlii-    '  -  ■«  -      '^Im 

of  tbc  ticl«nc«,an'i  ir.ation  to  Mctlirinc  and  PbiiriimciY.    El  vd 

by  the  author.   In  '  .: .  '.'.....  •.^.•.)Uie  royal  Iltno.  Tolame  of  7UU  page.-:,  .  .._  : iuui. 

Cloth,  %2  60  ;  lentber,  ti  UO.      {Now  Rnidy,) 
Wo   l.svo    r^pi>»l«J1y   ■'«)•(■. rixl    uur  fKtorahlr    "f    .'tiAitil»lf y  la   »H   (Tip    iii^Jti*!   rillcnn"  la   Ih* 

•  neb 


».■) 

(In. 
II..- 


.■.rftBCA  nf  n 

to  ••jr.  fi- 
ll     III     )l<l     «r 


Id  i.tioui   uu   (ii^iti  uf   U4«rul  UUl-o   a.MAj  ta  tbe 
•  |rp*U<lU  -Am.  Jfiur.  >?/  r*'»ri»rt<ry,  May,  I9T*. 

A  •tandurd  wutk  Mil*  Attfletd's  Chutulalrjr  n»«(l 
•■If  ba  nisnilnnad   by  tta  aurne,  wlihonl   fnrihAr    board y  vubnai 
(vinin«al>      Th«  r<rAa«Dt  oillrloa  oudUId*  *orb  *■•    lo  ih«  raajar,     I 
laraU»u*  and    iit)<<llli)a*   aa  ■remoil    B>!C«i>Kr7  for     rt-'-     «"  -  i-   r -i- 
Iba  dan)nn»lritllna  of  llif  lal«»l  i]i)Teli>pin«Bt<i   o' 
Cbamleal  pilnrtpiiMi,  (tad  the  Ulo>t  at>plira(UiD>  of 
elio!-'    '  r-  ■     -  I     -    :.icy.     Tba  iialhor  h>«  b«atuw«J     nm  i.x    ....uii 
ai  :  I  -<   r«Tl«l(>o,  aod  (ha  acant  '>( 

III- 
fi- 


for 

-  ■«  of 

■<i.  aaj  ih.'  .  iiioo*  of 

'icuncy      I:  '  Jiaoa***!-/ 

<  U  aKblhltK  .  :  u  lu  !>€•• 

leul  ftdr.'iuoail  slata.— Olncinnati  Jf<iiic<il  Ittitt, 

AprtI,  UTU. 

XI,,.    r,....„l.,  rll.    — l,l-K    ll.l.   w,.,k     »...    ._,..»„^    (, 

owhi-  '.b« 

'  ■iroriloa 
'•'Dla,  and 


la 

hlob  «ftch  ■•rtlon  !■  pr<>ri<i«il.     Tlini>lh<>  •Inileat 

lalr'jiiaced  iim;  b«  sullmalad    laora*  ««*lly.  aixl  MO  alWAy>  rafr*»li  »ii<l  |»a|  hla 

tlm  laJss   ''ooialoa  tbras  baa- '  kbttwledv*. — J/if  a^-tSHry.l!'      -•■-    \|.r1l  ltt,'7D, 


<>'•  ocoi  i«UiiB/(lo«.i.i»n..nai    m«i«.r-        Wa  o.)M««4  ooly  abonl  iwi 

Ijl  .  .•  (Nrcutar  <in<l  C'ftrwiirni  O'lifUt,    ,»,,   polilKatlftB  -if  't.«   p"'- 

"*y.  '■^■■'  '  marked  opuo  th'   - 

Tbl«   Tory  pnpaUr  •«<!    nierllorion*   wnrk    baa  '  nf  ih«  imrk.     Ti 
BOW   ri<»«hrd  lt*<-t|;h(h  adltloD,  arhlcb    faol  >|>r-iV^     t  r  r  f1.r.i,iiairy_..f 


la  lb«  hl)tlia«t  tarm*  IB  <:oinTi)«ai)«tloB  of  lt« 
l<De«.     It  haa  Biiw  baeomatbe  priaelpal  lax  ' 


Uair  ag» 
•  n.l  ra- 

of 

Mad 


''«t  BrlUlB.  auU  iodla, — Acic  /fniKcftM, 


flREKNB  (WII.LIAM  H.).  M.h., 
A  MANUAL  OP  MEDICAL  CnEMfSTRY.    Fnr  tho  ITrp  of  SliHentB. 

lijifed  iipiin  Boartnnn'a  Medioul   Cheiairtry.     In   una  rojkl   I3ino.  TOlooie  of  S13  pagafc 
With  illualrationi.     Clulb,  |l  76.     (iVou- ?2ni(/y  ) 

tt  H  W^I)  wrltt'n,  xnd  (1t«»  fhit  !«'r«f  rl.nr.  nn         Th<i  tUtl»  VtiHt  kcfr>f«  m  1«  i)n*  »h!rh  -Wti  fhtat 


all    fft««t\     liH't't    tf.«U''tit 

Ph<irmntf,  AprtI,  16fiD, 


ipprMfal.  —  .<,, 


pLASSEN  (ALEXANDER), 
ELEMENTARY    QUANTITATIVE    ANALYSIS.     TrnnslalPd   with 

Dol««   and  AtMitiuna  by  GnoAa  F.  Suira,   Ph.D..   AttUtint  Prof    of  ChaiuUtry  in  tb» 

Townn  Soi«ntinc  School,  Untv.  of  Panoii.     In  nna  bandtom*  roy*)  I3gi«.  votaiaa,  of  SS4 

piigvs,  wiih  illnaLratirinji ;   niolh,  $3  DO.      (Jutt  JiAuttf.) 

!t  la  prohjitilv  f0. 

•aiaro  oiiani,  1  U 

ll   taa«)i««    by  .                                                                                                                                                            ,  J  — 

datarmlnatluita,  f.illuwij  br  •»i..iriti.ju»,  *ui  lb».i  ,  UiHun  /■jum    <</  '''tuntttry,  Ucu  IjiTi. 

fyAiio \VA  r  {RonER T).  fcs., 

^^  Pt'-/  <^fAt>piift  niinnitlry  in  iht  H-yil  Cottfy  <•/  BcleiO»/r>r  tfttnn't,  tie. 

A  MANUAL  OF  QOALITATIVK  ANALYSIS.   Prorathe  Fifth  Lon- 

dog  Bdiiion.    Id  ooe  Qa»i  toy*!  13mo.  roiuine,  with  illiutrfttiun* ,  olelh,  %i  T6.    (LmHif 
h»Hit.) 

X>RMSEN{JRA),  M.D.,  Ph.D., 

Prnft^ittir  -^f  rfhrmMry  in  tht  John*  Vnpktns  Vnlntrnttf/,  B.-illtmor*. 

PRINCI  PLESOF  THEORETICAL  CHK.MISTRY.  with  9p«n«l  irfpronce 

to  tha  Conatitation  of  Ohaiaioal  Compaandi.  In  on*  h*adiom*  rojkl  iSino.  *ol.  uf  uvar 
3.13p«g*(:  elutb,  $1  60.     {Juu  hnud.'i 


fMAX'8      IMTHOtmrTIOM      Ti>     PRACTICAt 
IBMI^TRT,    INCl.rDINO    ANALY8I9       glslh 

Amaricao,  Irnm  tba  alx^h  aad  r*rl>ed  LoodoB  edl- 
tl'B  Wtih  nninori'U*  lllnair«r|na*.  tu  vBa  acat 
V4J.,  royal  limo.,  aluih,  fl  t6. 


WOHLRU  AXD  FITTIO'SOt^ttifESOFORdAlflO 

CHKMISTRT  Tr»n..)«'ml  wlt'i  «  Idltlon.  ^rnni  ib« 

KU'-'  -.;  ri  . 

P'  ma 

C>.:.          .  .       M                                    .-wO 

PP  ,  rlinli,  fj. 
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Hrnrt  0.  Lea's  Son  &  Co.'s  Publications — (Chemigiry). 


'pOWNES  {OBORQE),  Ph.D. 
•'-   A   MANUAL  OF  ELEMENTARY  CHEMLSTRT;  TUeon 

Praotlcal.    Revij«d  and  corrected  by  HKlfur  Watts,  B  A     F  R  S  .  «tirhr.rof  ■ 

i»ry  of  ChMuiglry,"  Blc.    With  a  colored  pint*,  md  on- 

trtttiong.    A  new  Americliin,  rmm   th'  twrlfth  iitid  enl  . 

Roaint  Bridqis.  M  D.       Id  one  lar;e  totbI  12iuu 

olotb,  %2  lb  ;  leather^  $3  26.     {Ju»t  Istiieil  ) 
T\i\»  v*(.irk,  iDorfiinlo  and  nrganlc,!*  «»iii]>l«(i>  Id     wIi^i   f'lriui'Ulilo  irK^snltnilr 
ono  cnDTrnlOQl   rulaiiin.     Js  U»  <-arli<iR|  »ilklli>D<i  1( 
WiM  fnlly  Dp  to  llifi  lalffit  a'lriiDr>-m«iili  iid<I  lh««- 
rlotufdis*  ilm«     In  li>  preMiui  form.  It  prrfH^nti, 
In  «  rrmarlotily  conr»ui«al  unrt  ^.^liiifiMitory   miin- 
a>'r,tlie  prlnclitlcvnuii  l>:ittllii|;  fiivlvuf  Ihechouilxir^ 
of    tit-d/if/     riiBoernliig  ilin   uiitntior  In  whieh   lh« 
Turliiin  lalijecl*  sre  tr»iitt<«l,  inooh  do-mre"  to  b*  j  {„  ^^.^^  onr  r'V 
»iil(J,iind  inofltly,  100,  lu  |<i  nli-ir  uf  tb"  bKuk,     A  re-     i|i«r*rM<>u  ).< 
▼  l»w  vf  •nob  »  Wiirk  »i    fVj40Timi'»  ''A«m<<rry  within  N    ,-  ■ 

tli«  UraKaoru  ti<  ulc-n<>lli:A  fur  *  tDn.llcal  voekly  t*  |  (,, 
•imply  oat  orthe  qa(Mli,jB.-^C.*l»ct»Mri(4  i^tlLti  uMt/ I  ^,, 
tf/<»><C.  UrC.  U,  l*i8.  »,iri'..    la    ini»    I  .11  a   rv,    » utj    id    itr    uvw    -u^y 

WIjod  «•  »liili!i  Dint,  la  nnr  opIdIod,  IIia  prvMttI  |  Fitlr  tn  rti»lu  hII  Iia  r.>riii«ir  pr^Mlgt — Bottom  It 
«ifUI')B  «ni(e»lii«.ln  e»«ry  r»>.p#ei  tVe  high  repoutinn 
which  It*  pi'«ilsoe<>.o'ii  hjiTe  Hiqnlv^d  aud  «u}<>y«^, 
we  ezpr«i>i>  therewith  oar  Tall  hellnf  lo  1<-  luirludc 
TAlne  UK  ■  t<>«t-bouk  nod  work  ol  reference. — Jtn. 
Jiium.  of  Pluirm.,  Ang.  1878. 

The  <wiD>ctt<iitloaii  care  wbicb  bae  been  bealowed 
apoo  It  by  the  &Ujertc&D»D4  Eu^liab  cijliar>>  reodi'lK 
li  ntlll.parbip-.lhe  )<eM  houk  for  (lienliidcDl  Kud  (be 
praotUlnuer  wbii  wuold  ke«>p«llTe  Iho  Hc<(iUi-lil<iyi> 
Of  bUetudeat  dHye.    11  bkb,iiiile«d, reached  ■  euiue- 


1}  : 

lauidiy  ikir.<U4)f,i  l,>  tit<'illi«(s  •iniiy  >u<i  rataraac*.- 
M*4.  iHMt  Sntff.  Rrt>"rl*r,  Aug   \  1S78. 
The  work  Ik 


of  Clunnittry, /^nt  1S7S 

ll  Will  b*  rr.t. 
r«iiiMrk»  reljiti 
»Uui...I     F..I      . 


IlL-l, 


.  —  l'nu:iditi4^  P'tJirta 


At  »  m»anel  of  rhemUlrJ  It  1*  wliLoal  a  vaperli 
la  lb*  UaKuatt.—ilil.  Mtd.  Jour.,  Ab(,  iilth. 


£ 


LOXAM  (C.  y..). 

pro/fntnr  1/ fJhfiHUirif  tn  King'*  Cnllf.fft,  lioniinn. 

CHEMISTRY,  INORGANIC  AND  OROAXrO.    From  the  Seoo 

don  Edition.     In  one  very  band^otnr  ortavo  volaine.  of  700  v«9U<  with  kbaat 
trationa.     Cloth.  $4  00  ;  leather,  $a  00.     {LnUh  ftxnad.) 

lil&CDii  for 


nd  Lon«. 
SM  lili 


We  bttf «  Id  tbie  work  a  c<iiQpleliMi.ud  mo^t  exoel. 
leal  lexi-bookfur  the  a.-.o  of  subwls,  aud  cnu  \tf»tl- 
\\t  recommend  II  )»«snch. — Bnnton  MnLaHit  Snrg. 
Juurn.,  May  28.  1874. 

The  abt^Tu  let  be  title  ofa  work  whieh  weean  nxwl 
AoaevleuiluDely  recumnieud  !.■        '      ' 

*  Ary.    It  l»  »»  eaey  ■»  tt  wurk 
ii«d*i  aitfaeMiueiliaelbiK  It  t< 

I  ■•f  ( hat  vol  H  ace  aa  ll  now  BtHnilf.    \Vr  h.> 
of  the  ifork  aa  admiralily  adop'xd  to  Ikr  ' 

,  aiudetil*  ;  It  Ih  qnltfl  av  well  a u lied  to  iLr  . 
ia*Bt»  or  prae'ltiooera  who  wt«h  to  levli^ir  i  L<.:ii 
•k#BlKlry.or  hare  ocsasioa  to  refreah  their  nietno 
rlw  oo  nay  polot  r«''atln«  to  II.  la  a  word,  ll  la  a 
book  tu  bx  reuH  by  nit  whu  wl«h  lu  know  what  la 
t)>"oh«ailatry  .ifihr.  proiealiia/.— ilm^WedN  Prae 
Wiontr.Hoi.Mia. 


.      Tr,.    ,n 


e^vli<l>«"li'  wiihiB  II 
and  liai  duue  »<>  wii 


I  /,««<»(,  Hqt.  Ii7s. 


(1L0  WES  i  FRANK).  D.Fc.  Loudon. 
AN  ELEMENTARY  TREATISE  ON  PRACTICALC}' 

AND   QUALITATIVB   INOROANIC   AVALYSIS.     Spe<-ially  •dapic. 
T.fi*<ornlorief  of  Sclionia  and  College!  and  lij  Regintifff.     i!«oand   Amrjioui; 
Third  nod  Revii>cd  English  Edilioo.     In  one  rerY  hnnHaomf'  royxl  ISoio.  To|«af 
S72pi)|;e«,  with  47  illdatrations.     Cloth,  f  2  £0.     {Jiut  lUntf.) 
A  few  coticei  of  tb«  provioQt  edllion  are  AppenJeil. 

It  la  «horl.  ooociM. and  eiiilaenlly  practical     We    iisi-  ".^  -'••i-.!-'    ,. n.i  w<.i  <.r. 
'therefore  heartily  conitDend  It  to  aiQ.lono.  an. I  «<p«-    an! 
•lally  to  ihoi-e  wfan  ere  obliged   tu  di<|»>B>i>i  wlib  •    tli. 
ttiaater.     Of»onr««   a  lea' ' —  '•'-  •-. —  .......4..^<      .... 

Table,  hot  a  g»i>d  dr>;re«' 
lloal    knowledge  can    b. 

Juaiructor  ib»D   Iba  very  t.,, .,..„...   ,,*.,„.7i..,»  ,...w    ,.. 
tiBder  eoMlderttttoii.— *i  Lo^tu  CU».  Kteord,  uet.    am 
1677. 
The  work  la  »o  wrltteeand  an  "■  f 

IjkOlbprehendevibytbe  atadeol  ^c.  i 

"k*  daaerlptiooa  aad  dIraeltoiiK  I  rt: 


prii 

to   11,.-    -,u... ,,..,.i-.i  .  .     ■..     .J.-l,l«     ,     t .     ,_   . 

<»otopr-iie«alTe  OM—OtugpUW  Ad^trium.oii^ 
14.  1677. 


tb«  ArUaad\o^*««»t*c\M«fc.    "WU^  km^tvtAvX    « .....a^-- 

iddlUons  by  Prot.  VI  k\.J»«.  K  Joi»»«>».   V*  \*«\ 


a%%TV(\u9  ,<cl«lh  ^  (M  00, 


HiNRT  C.  Lea's  Son  k  Co.'s  Publications — (Phar,^  Mat.  Jtfed.^  etc.). 
■iARRISB  {EDWARD), 

Lai*  Profutnr  of  MtiUrio  XmHen  tn  t\i  PkCadtlpJUa  OaUafft  <tf  Pharmaey . 

A  TREATISE  ON  PUARMACV.  Desij^ned  as  a  Toxt-Book  for  ibe 
6tadvut.  kDd  M  •  Ouide  for  i\\t  PbjrtiofnTi  uud  PhoToiiutoutint.  With  ni»D]r  FortnolM  mu  J 
PrvocHption*.  Puurib  Eiiitiun,  tborouKhly  r«Ti8«(l,  byTiigii«ii  8.  TVhcoakii.  Id  on* 
bnn<lii<>niFact«Torolnnieor977  pagM,  with  281)  tllu«triition«  j  oloUi,  16  60;  loather,  $6  60; 
half  RomU,  $7.     {.iMttts  liiHtA.) 

cv  11  Hilly    111*  w.i(  V.  n'>I  oiil  V  ly  i>fiittiii«(t«l»    t.iif  j1«»  to  Iba 

1    •,.(! 

.Id 
:    .■(In 
iliti.  Prcj,Ji  It lui  Cirvuiar,  Auj,  i:;,  it.71. 


Of  Df    P»rrl.li"'  tr-iil  w. 

bin  irark  to  wr 
ttnn.  lU..   1. 1^1. 
■  tl 
It- 

p.l-  ..         . 

llD|ir<*¥«.liWUIt*,    4UV.^Ifiug 

■abator lb*  iicT«r«l  pArti  uftlip  w^rk. 


I  I.  n.-w   ii.nllKr       With   (he   tn 
th'i  "Mian,**   itoW  |«r's>blM<l,  .. 

j>r  .  "jtDd  art  la4l*pen«)it)U 

pll   ,  lllo      lllll..>^l      T>ll|*      to      '    ' 

pr  ■  '  ui  f«tiillltf  itWiji 

hl>.  .r*p«ntt'.»D  of  tlin 

uri.t..  ..      ,:  .  .:  b>tp«tl*BU.— 0*<l 

«<I{rn  if«>4.  JitHm.,Jti\f,MI>H. 

Th»  wrtrk  l«<<'Tt1n^ni1y  pr»'  tl<<i»l.  «»><1  >»•  IH*  t>»f» 
ntrlt  nfl.  ■    '  '  .    ■  ■•      • 

utrTaii 

r«(l<«et»i  -.. 

lUhvr   |i«iii--..!if.\ 

bt«  bMAQ  b«»t«>w«ii  tl  |. 

lloDibHl  tbxrf<iirr  an  . 

tlla*lr>lloaa.  lo  concln-l"ii,  w..  iie..i  il  k  n-r.M.iTn-d.i 


r«,ru-<.  — p,i,.|/r  ffi'1  "H-ISu's/  J'-vrn  ,  Juup.'TI. 

Pvrhxp'  on».  If  unt  th>  moitl  Importitiit  b»nk  njioa 

,     ...     ...  .,.,  .    .    .  ,...,.,,..,    ,,j. 

>*. 

ii« 

.1  »r  ••  f«rr  :  lo 

.      rioq»  tb*  W..-  [;«• 


Q.RJFF/TH  {ROBERT  E.).  M.D. 

A  UNIVERSAL  FORMULARY,  Conraining  the  Methods  orPrepRr. 

?ng  »n<i  AdHiinirt<TiT<.>i>ff,,.;„,J  .,r,/i..ih-,  Medicinfi.  The  wholeadnpt'd  to  Ph_T«ioUr»  md 
Phiirmao«ntiiit«.  T  v  revi«i>d.  irith  numcroai  nddilioni,  bj  Jonn  M. 

M.iisoa.  Proffiaor  '  '><■  Pbiliulvlphia  Collrgrof  Ph.i.na»o,T.  In  one  Ur|^ 

and  handsome  ootavovbluiue of  ubuutMii)pp.,cl.,  $4  60  ;  Ifmihrr,  %!>  60.  [Lai fly  Itmti.) 
To  th«  ilTii«r»«t  «  f'>ni\  fnrnmUry  t«  almtily  ln<tl«  I      A  tnom  mmv^i't*  fnrmnlKnrtbiit)  1i  •«  In  ll»  ffw 
pm.  ,  ,'  ■  ■  ,■■---■■?.  -  -  '  ■  ■  ■   .f.tiy 


gi»f.      ri.iKi- 
eliin,  «i><<  a  w. 

br  which  to  3  I 

w..  ■ 


nd. 


ttrfo.l  ;ir»cllcr.  — ('rri((>in.if<    .'Mnff,  K»l>    Vl.  I^74     — r'>»'  .1  m.rioi  >i  Trarn/ ri.n»r,  l.i>al«  »»ll".  Jql/,  "^f. 


'PARQVfTARSO.W  (ROBERT),  M.D.. 
A  OUIDE  TO  THERAPEUTICS  AND  MATERIA  MKDICA.    Se- 

ooftd  Aiaerii*iin  editinn,  revi^rd  bj  tbr  Astbor.  BtiUri^ed  and  •cinptvd  lii  lb*  U.  fl. 
PhitriiiikcopwU.  By  Fn4:«k  Wukdkumt,  M.D.  In  one  otat  ro}Kl  lSm«.  TOlam*  of  4M 
pngei :  clotb,  $2  36.     (Jw«<  Rn,4y.) 


Tb«  •■ ..  '     '  ■' 

••rlKlnl- 

OK-- 

a<i 
In! 

»»t'"  — -im    v..i<rii    .. 

ThI-  WMfk    e>'>dl*l<  -  "leb  I 

Wfll-ill«rnif<i    lini»  ("i' 

•  OtI  th»r.. 
■My  »•!.. 
Too  Imo  t 
»i.r  .. 

p.r 

•  |>ui4  Ilia  u<tti<l  .tf  (tA  i>*J«r.     'i'|.«  bufk   li4<  Uwu 
»d»iile<l  tu  iba  w«ai<  «r  (b*  Ani«r1«aa  itodcat,  »iid 


.'•>■ 

iaT*b»«iii '  1     ' 

-  ■ ,     • 

'  <k 

r.r  111*  IS 

.■•  ( 

^»  f  h  <•   tr 

.l-X 

yl «(  §■   i.'irr 

Ohmi  - 

Tl   . 

"t   111!"   rai. 

4 

•If 
Ifkl 
•rllb 

of 


Uu  kv  v(i).li;kJjr  ttcbMiTaa.— A««>  tttmtdi**,  JulJ, 


•It 

'7». 


CHKISTIROirS  PI9PB!ISAT0RT,  Wllbcoplonikd- 
diiiftiit,  %%A  t^y  liif««  vnAd  «ngi'(Vloa«  By  R. 
S'lLxriwif  niirriTH,  M.D.  Oa*  fol.  Sro.,  pp. 
loiM),  0iolta,«4<H>. 


CA^BPtMT&K'S   PBIZI  BftSAT  OV  THX  0BB  OF 

At.<^IIOI.ir  l,l«ri>ii.«  I  «  n  ■>  <  I  Tn  t  irp  Utaa«a»     V»V 
■dlll'iB.  wiih  •  I'  •Dia.UO.atA 

•  ai>lkh4ll»bt  <i'  u  o%«%%«9<W».%- 


immn 


'dbuoattons — (Mat.  Utd. 


iJTILLE  [A  LFRED).  M.  /).,  LL.D.,  and  JifA  ISCH  {JO  i   '. 

O         Pro/  of  Theory  and  Praeliet  o/  Mpdictnt  -^^1         Pr../   nfM' 

and  of  Clinical  Mtd.  <n  Vntv.  nf  Pa.  Coll.  PKnrm^-. ., 

PKnrmacntlicni  A  ■ 

THE  NATIONAL  DISPENSATOnV:  Contuininj?  the  >:r  i  istr.rr, 

Chemistry,  Pharmncy,  AotinnR  aud  Ufci  uf  Mediuinei,  ineludinK  tbofe  r*eocni>«il  it 
th*  PhaTmaaDpa!iai>  of  the  Coiled  Stulifi,  Urc«t  Brilniii,  nud  Oertaanj,  with  trtimpr- 
ouii  refereoCKK  to  the  FreDch  Codex.     Stcond  e'lilioo,  tboroni;1s!j  rrvi*«<j,  «  '  •!» 

additions.     In  one  very  han<l»r>ine  octavo  volauie  of   \i\92  |)aiii<:4,«ritb  2:tV  .•. 

Extra  cloth,  $fi  76;   leather,  raised  bauds,  t'  ^^  i    half  Riuaiii,   raided  ba;;_»   ,.*n 

back,  $8  2».     (Now  Rtady) 

PRerACK  TO  THR  Saco.tD  Editioit. 

The  demond  which  baa  exhiiuateJ  in  u  few  months  nn  uDunatilly  largv  edition  of  ifa*  X»l! 
DispensaloTj  \b  doubly  gratifyioif  to  the  aatborv,  «»  5hoiring  that  fiey  were  e<irrec>t  in  ih'ol' 
that  the  want  of  sacb  n  work  was  felt  by  the  medical  and  libarBancenlionl  pr<if«'Minn«,  and  thai 
their  effort*  to  irnpply  that  want  b^ire  been  ncaepiuble.  Thic  apprAeinii»n  of  tbcir  labor*  ha* 
itiruulated  tbetn  in  the  revision  to  render  the  voloine  more  worrt  .  ■  -^  .  -  lonrkcd  faior 
with  which  it  hB5  Vieen  receired.    The  firiit  edition  tifn  work  of   u    ,  -(  ■•opmarily 

be  mnro  or  legs  imperfect ;   and  though  but  litt'e  that  i»  new  nnl        .  '•oi-n    broa(>ht 

to  light  in  the  short  interrnl  since  its  publirotion,  yet  the  length  u(  lime  durtoj;  whioh  U  w*» 
pai)«inf(  through  the  pr«M  rendered  the  earlier  portions  mure  in  Arrears  tbtUk  the  Iner.  Tb* 
op[>ortunity  for  a  revision  has  enabled  lh«  authors  to  ^orotinixe  the  work  "  '    .  and  t* 

introduce  alternlions  und  ndditions  wbererer  there  baa  aeeined  to  be  be<  ..  Mrtprore- 

menl  or  grcnler  eompleteneyi.     The  principal  changes  to  be  noted  are  the  in:  iif*e<*- 

ral  drufs  under  seiwrate  bendin|r«,  and  nf  a  larfte  number  of  drags,  cheioicalir,  >«nd  pbarvia- 
eeutieni  preparntioni  classified  ^B  allied  drags  und  preparntion«  oeder  tbp  beadrni;  "f  mart 
importiint  or  better  known  articles:   these  adilitions  cotuprixe  in  pirt  neorly  ''  •'  >o 

Phurmiicopoein  nnd  numerous  articles  frum  the  French  C(xtez.     All  new  In  h 

oaine  to  the  nulfai>r«'  nr-tioe  up  to  the  time  nf  publioiilion   bare  received  dur  . 

The  series  of  iliustrationp  has  undergone  aoorres|.iooding  thorough  revision.    A  • 
b«en  added,  and  still  more  have  been  sub^titnted  for  such  nf  were  deemed  )«*»  ta; 

Thr  new  matter  embraced  in  the  text  is  eqiiul  to  nearly  one  hondred  pag;**  nf  the'  fi'-t'  rhix'*- 
Considerable  as  are  the»Fcbnn((ea  a9  a  whole,  they  have  bei^n  ncoootuodatcd  h^  s^n  enlargetaral 
of  the  pnge  without  increasing  unduly  the  »ite  of  (he  roluine. 

While  uanierons  additions  have  been  n]a<<e  to  the  sections  which  relate  to  the  ph5*i><l<<ira) 
action  of  mediolnes  and  their  use  in  the  treatment  of  di*«a<«,  great  care  has  been  takta  ta 
■lake  thena  as  concise  as  wns  possible  without  renderinc  them  ineniop)el»  or  ob*«ore.  The 
doaea  have  been  expressed  in  the  terms  both  of  tri>y  weight  and  of  thr  metrical  Fvstva,  i'^t  ths 
purpose  of  raak'ng  those  who  employ  the  Dispensatory  fiimiliar  w.th  lb*  latter,  ami  fisving  tke 
way  for  its  introduction  into  general  use. 

The  Therapeutical  Index  has  been  extended  by  about  3250  new  refereacea.  making  tke  total 
nurnher  in  the  present  edition  ub-'Ut  6000. 

The  articles  there  enutueral^ed  ns  remedies  for  partlenlar  disnaaes  are  not  only  thitse  wbteh, 

in  the  authors'  opinion,  are  curative,  or  even  benefioini    >""  >>^ ''"^  whicb  hare  at  any  \\m» 

been  employed  on  the  ground  of  popular  Kelief  or  \  rity.     It  i>  ufien  of  m 

much  consequence  to  be  noiiuainted  with  the  wrirthli  ;j  medtcin>«  or  wnk  tkf 

narrow  limits  of  their  power,  of  to  know  the  well  attested  viriaus  ul"  others  arid  th«  oouillttoat 
under  which  they  are  displayed.  An  additional  value  pnsje  sed  by  such  an  Index  is.  ibat  U 
eontnins  the  elements  of  a  natural  olas^ifioiition  of  medicine.*,  founded  upon  un  a«»ly*la  of  tb* 
results  of  experience,  which  is  the  ouly  safe  guide  in  the  treatment  of  disease. 

This    evidvDca    of    naiiceH,    Miduro    paralleUd,  ;  knep  Ibe  work  up  to  tb«  time. — Ke»  /tt amf i«».  J  ». 


atiowf  eleurly  bow  well  the  anihorK  hiiTe  isetth* 
•zi<llDK  oeeds  iif  tbe  pburmaeemionl  Hnd  m«d)e&l 
profenalou-i.  OrntKjrlag  «>  It  loust  b«  to  Ihetu,  they 
buve  einbrxed  (be  o|ip-?rtanliy  itlTdrrd  fur  a  tbor 
onith  ieTi>i>in  of  tbe  whi^le  work,  xtrlrlai;  in  «<n- 
brace  wllfain  ti  nil  thai  lolgbl  bave  beao  oiailleil  la 
tbs  U>rm«t  edllioa,  and  all  that  has  newly  appeared 
of  onHlclnDt  Importaoce  darlDg  tbe  time  of  it4  eol- 
laborntloo,  aod  tbe  »hort  loterval  clapeed  tinea  tbe 
previoB>  pnblieatloB.  AQsr  btvlug  unne  c.it«riilly 
throagh  iberolane  we  mast  admit  tbitt  theautb<>rii 
bave  labored  faiibfolij,  aod  wliti  succeH,  la  niam- 
taiolug  the  high  cbaracUr  at  their  work  aaacam- 
pendtum  meetlag  the  rcqulremcatt  of  tbe  day,  to 
wtalrb  lioe  cea  Siifely  inro  la  iiaeit  of  (be  latent  lo- 
ririnKttoa  oonceralag  everylhlDg  woriby  or  oitllce  la 
cuniiectioD  with  fbarmacy,  Mitteria  Medlra,  and 
Tberapeattoa  — ^m  y<>Mr.  of  Pluirmnty,  Nov  187fl. 
It  la  with  groat  pleasors  that  we  annonocelo  oar 
readara  the  appearance  of  a  tuenrul  edlilao  of  Ibe 
NadoDSl  DlKpeoxalory.  The  total  exba<i<iilno  •■fiUe 
arntedUtou  \n  tbe  tbort  vpace  of  hIx  oi'tathx,  U  a 
aaHIcl^iit  t^xttinony  to  the  value  placml  upon  the 
work  hj  the  pr<>r««*loa.  It  appear*  ibal  (he  rapid 
•ale  of  tile  Beat  edllloa  mn«l  have  iadaoed  hotb  the 
editor*  aod  the  pabllaher  to  make  preparatlooa  fur 
a  new  adittaa  immediately  after  tbe  firal  had  beso 
lusaad,  (or  w«  fisd  a  \aTi^»  i«.Uknuuv  <A  \Mm  matter 


1876. 
This  U  a  creat  work  hv  two  of  tlM  aMa^  •Htef*  •• 


Jtatliail  Journal,  .>oT.  IvTW. 
It  U  tiT  l^kr  nrinff.  int>rn«ft<-r04|   c^  «alrar«U  Ikaa 


any  ,• 
ra->rt>  • 
ttn<i  -s 
Th.> 
very  1. 
«M  thr    . 

plHaaitoa*,  auU  i<'|>Ut'4  » 
re'oui   wrUlagii,  where  I 
ohIalB'd.  tr  .1.>-iTH.l.     II.  - 
hy  tha  eXt*o- 
m«dina,  etc.. 
w.jnIJ  be*  w  1-  -  . 

IhU  wpII  knowii  W'M'k.      > 


<rar  laa«<i*«a.  a»4 
-aek— /<w<>^  mtd. 


added  and  a  m>"d  deaX  at  VVie  vw\oii»  >.«t«.\  *\VeT*4  /X"  •''    1"  ^  ,""''"*'  ""  . 
and  lmprovad.wb\c>»  t««v««V\ii.v\V«i«.xvVt»cn.  A^xiov  \^-'^'»^'^'^  ^-^^  ■^"■'^  '^^"i 
latAlkd  to  let  the  Kr*»%  gtow  tmist  \>\«\t  1««V,V>mv  va 


Hbnrt  C.  Lka'«  Son  A  Co.'s  Poblicatiosb — (MaL Mt^d  yTherap.,elc.).   13 
g  TILLS  (ALFRED),  M.  D., 
THERAPEUTICS  AND  MATERIA  MEDICA;  a  Systematic  Treatif^e 

on  the  Aotioo  and  Vtes  of  M»4iioinal  \n«tH(s,  iDoladioK  tb«ir  I>««crtptioD  nod  Hif^o'T 
Fourth  edition,  rvviiedand  «nl»rgpd    In  two  large  and  hiiDdfonie  8to   roU.  of  kbout  SOUO 
pagM.     Cloth.  $10  ;  leather,  tl2;  holf  Ruf.-in.  Il'l         '        '     '         /) 
[I  U  noiKKcwiAi  J  to  (iv  uiarli  m<ir«  iimo  to  ko-i  uf  (hr  pi#-.  1  rjrclnpBdIii  of  (h«r»- 

p»alle«. — ''         .  ••rniit,V*h   ISTi 

Tba  rupid  •xii«a>'lioD  01  ihreu»Jlltua>  KUd  Id*  lilt 
r*»>.*l  'iTiir  Willi  wlildh  ihe  work  tiu*  Smih  rxrol  v»d 


•  uaac«  itiA 'p(MiAr*uce  of  iIin  rouillt  «i1i(I-id  •■f  iIiI 
well  koowa  and  aKfolUai  wurk — UrU-  and  tor. 
jr«t.'7hir    tt*«irie,t>ct  ISTA. 

for»ll  wh.i  .l»»lr»  »  ■- ■'-■''-  work  on  (tionpca- 

llta  «uii  m<tt«('lii  iiK-';  f^nce,  Id  £»••- Id- 

▼>.lTln«  "•"••'•'••-'•«»l  •  w«ll   •>   flit  In- 

r»r  "  1  »Krat.,  Ur   Stlll^'.U 

"  I' '  Brla(i»ui  uri>rliii.b]r    fnlly  rvTl^eJ  iiu.l 

rk«  '  i<>aa,lb(i  u'ltkur  tiHilfttU  I  Ian  II  npiulltr  1 

lli(>    |iiiir.'i<u   iiuiii'i   nui-wi'd  iibllf«t|i>a«,  tiy  (be  oltli>i»l  aiiJ  cr'>i"i> 

•  Afufuk  ■•i>1'<l"U.  liiit>orl*ut(>itJ)tl<jiia,  niiij  iluioly  r»'    rlJ*    of  lU'lbylvu* 

et  h • r  i  u  '        ■       ■    •   ■ 
Th«  m«r' 

wbHAh— 

St.  lifHl.i    W-  '    -in  (  S'Tf    Ji.i'fi.il,  I'.'c    l»7l. 

Prum  (tx  imlilicaliuo  uf  tb«  Sr^l  iidUlon  '-Sllll^'a  j  »  )il' 
Therm I'DulIrt  '  li*i>  lin-ii  >iun  01  ll)«  i-l4a4lc» ;  ll«  «t)-    fiill  < 
e«ace   fr-^in    onr  lihmri***  W'»Ttlr>   rrr»f#    h   VHritnm 
which  emM  •■'•  ill'il  Hy  OM  n«b»r  work  In  lh<"  Imii- 
fflMe,  kod  itR  pte>«ur«  •n|>^li«ii,in  tlia  (wo  Tvltitte-'     , 


by  III. 

f  jriii 
:  fully. 


pound* ,    f 
/iinrH    of 

nioUliiiJ  > 
I  ■■•r>  i 


ll''l'vtl  Ik.  II 


tt> 


llll..- 


lueDiyllu   othm.  Il(l>l»lii  riitf 
l.-mlnnm.    anil    oilier  remr<ll«>.— ilm 
".-1.    IMfl, 
'  ibel  It  lt»*  •  rlvel  !•  Ita 

.       >iiJ    Hiu    fnlii-.K  of  l|.   rw< 
i>   It 


la 


a. 


flORSfL  [V),        '  AND  1>ASVJER  (L), 

V         p,.,f  i„  f\,  FntmUy  '»/  Mft  ,  'V«r<».  ■*•'         Pri./  <n  i».  t7..lU^,<tf  Pranr* 

MANUAIi  OF   PATHOLOGICAL  HISTOLO(J\'.     Trnnslnto'l,  with 

Nol*«  nnd  Aildiliua*.  liy  E.  O.  Bn*K  «c«i-K4itK,  M.D  ,  P«thii)n|f  l«t  iind  Ophthuliuio  SurfrenO 

to  Phil™  l»   Hf'#pitt(l.  Leotur^r  on  RerroeCnta  and  0|>erntiTe  l>iiblhiilinic  SurRery  in  i;ii'H'. 

of  Penna.,  nd'J  by  llniiiir  C.  Simkk.  M  \).,  I>enioa(tr*t<  r  uf  PaiboloKieal  UUtnloir^  in 

the    I'tiiv.  uf  Va.     in  on*  very  bamlxime  ootnTo  Tolumo  of  over  7'*fl  pufrve,  wiUi  pivr 

X5U  illtt«tratioii»      Clf>(h.  %b  &U;  Ualber,  $0  30;  half  KumIa,  %1.     {Just  Rfa/fy.) 

The  work  of  Cornlt  %t\i  Ran<itr  it  bo  well  known  a*  »  laoid  and  aeourat«  tail-book  on  ita 

itnpiirtnnt  eubjeo',  ih.it  no  «|iolo^y  i«  needed  in  pre«*ntin^  a  tran  '-•'   f   -''  "  '  ■  t'-'  ■*  •■••■-'••nn 

priffe«»'on.      It  in  only  neei-wary  to   my  thut   ibe    luhorii  uf  l>r>.    ^  e 

b«»a  l>y  no  means  confined  In  tho  tai-k  of  rendering  the  wurk  uii  m 

Franre,  in  nuerriviivn  [wliiine.  bfHwxu  IHtH  and    IH7A,  a  part  of  it.  Jtl  leuit.  wm  onUKuiitt  in 

arream  of  the  p'««ent  elate  of  !i«leD''e,  while  (he  dlffutenaM  uf  other  porliuo*  reuieriU  aond«o> 

tatiun  ile»jrnhle      The  IraBFlator*  hiire,  iberafore,  ■r>uf;ht  to  brinK  tbv  work  up  (o  Ihe  dny, 

and,  at  the  Rnme  time    to  rrdiice  it  in  fitx,  ai  far  as  practicnhle,  without  lupniring  ita  r   m- 

platenof      The^o  ohitnge.*  will  he  found  tbrooichoQt  (be  vduiur,  the  iuo«t  *xtc!i«it«  hvinir  10 

tha  MCtinne  deTutcd  to  iSarouiua,  Caruiu   uia,  Tiibvrc>il<jFi<,  tbe  Dloodredfelr,  the  Mummw,  and 

tka  «liM*iAealioa  uf  tuK'^ra      Corra«pv>ndiuK  aiudifloali<iiie  bnve  been  made  In   (be  very  esl«n- 

•i«a  and  ba*iltil'ul  i^erie*  of  illn«(rati<in*,  and  erery  core  hut  heeii  taken   in  the  t}  pugraphioul 

azeouU  n  to  reuder  it  one  uf  lb*  Hto«t  attrucliTa  roluiueii  which  have  iaiued  froia  Iba  Ameriraa 

pratf. 


We  hRreaoh«ftli%tloDli  rordia'ly  r«<n«ak«a<>lDg 
tbe  BorIuIi  iran<l«li»a  of  Cornll  k  KaiiTlai't  "  P*. 
Ili0l0(>c.^'  '"-•~l     -r"  «•  the  b*kl  work  of  tb*  tl    '' 

la  aoy  1  «•  xirlut  lu  II*  r*-*-! 

Iraatwji  uhialDlag  a  broad  «B'i 

ba*U  f'O  iM'<    M-i'i"'  ■•')i>D  of  lb«  praelteal  beitiu,. 

Of  paiii>ii"yi(«(  auaioaiy.— Jm.  /«»i>i«.  0/  jr*l 

BaUnc;  A  irll.  HUM. 

ThU  liaportaat  Work,  la  It*  Anerlean  ■'■■ 
welcunin    olTcriua  lo  all  *lndi-a<*  of    i> 
wblcb    U   trvatii.     The   xr-al    »]»••  uf   11. 
arr*ni(*(l   aafmally   and  enmprebeo'Jr'iy       Th>- 
cU»«lt"*lluo  of  luiAura  I*  riaar  aud  foil,  mo  fkr  at 
tbe  *Db|4Cl  idmit-  of  tl>'llglll«D,  and  ibl*  uo*  chu|H 
lar  I*  wnrlh  III*  prica  of  tbe  biv  k      Tha  llli[«ira-  ! 
tlooa  are  co|>ti>n*  aod  well  rlmaPo      Whlirini  tb* 
att<l-.><->>  hr  itatino,  tha  traOaUtor- da»«tTe  b«D«tt  I 
|li.>  '    ii(   tbU  lldla[>»t)>>lila  work  to    Iha 

bA'  raa  (tadcal*. — PKUa.  M'(t    Tim**. 

*I" 

Tbla  miunie  w»  ei)r<)l«ny<ii1inr. 
•Ilia,     il  will  pniTa  a  valuabl*.  m 
addtltoB  tei  lb*  llbrarlaa  of  rladcu;    ,-  . 
pbyilelaO*.  aud  l"lh«  lllnarla*  nr*iad-.; 
pby*laUaa.~  Ayntriran  Pra«ttH-n*r.  J 

GLtJOB'SATLAhof  P4TROLOGII 
Traaalalad,  wllb  Nula*-  and  A<r 
LaioT.  H  6     il  oae  Tol««)«,  >a.  .1  .i>.k.  .mi",  m  . 
qnarlu,  w)lb   1}(i  eiipperplaCt  A|ttTa«,  plain  aB4  ' 
Miated,  «l«tb,   44  00. 


Their  bo  k  I*  b«(  aeill««ttoB  uf  lb*  wvrk  ol  "Oitt*, 
lint   ha*   baan   wriiiaa  la   ika   laliuralur*   IwaMa   IJi* 

_.....    ,,.^      I.  ._._  ,w_  .,.,.L.     , 1'   *a..wt-- 

.01  rolled 
l« 

ui"  '  work  la 

.!••  Ill  i-nr  U"  .il»»aijr 

-u(hl  lo  hai.  I 'i/ JttU- 

Till*   w.irk.  la  lb*  oflilaal.  baa   for   year*   pt«l 

e.-  ;  ).i"il  A  I'ri.Tiil  iit*i)t  pl.ii  ••  In  i  li\^  tll'l  ;t  r)-  .1'    f'i»u<^ 


1-h     .t.j,)f|,t     f,.r 

rlib  tiNniual  1ai< 


ul^ect.— A.  r.  JIai.  Qjt'lU,  Fab   Ik^  I6.HI, 


3 


aoDia  ^ulUtoa,  »1R».\\  >**^^■»<»,«•Vl*»»\Vl•'>'* 
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F 


KN  Wl CK  ( .S'>1  \f  UEL) ,  M.D., 

Aitntfitnl  I'Kyieli'n  to  the  Lonrl-'n  Bntpital^ 

THK  STUDKNT'S  GUIDE  TO  MEDICAL  DTAOXOSIS.     From  Ihc 

Third  Revlsrd  «ii(i  GnlDrgerf  Engli5!b  R<lition.     IVitb  eighty-four  iltaiir»iina(  on  wood 
In  one  very  hftnil«ome  rolnme,  royal  I3aio.,otolb,  |S  3$.     {Jmt  tuned.) 

fyREKS  [T.  HRSRD.M.D.. 

PATHOLOGY  AND  MORBID  ANATOMY.    Tliiid  ArueJ-ican.frum 

thx  Fourth  Bnlnrgfd  and  RevUed  English  EJittun.     In  nn«  very  handsome  octaro  Tvl- 
niu<  of  332  pagtfii,  with  133  illuiitrutiuuii ;  eloth,  |3  36.     {Now  lUnUy) 
Thin  It  ua<|ilu>lU>uiil>1y  uiio  of  (bo  l.<«8i  niiioit»l«  OQ    cl«nlly  tiiiiiiiTou*,  RDtl  unaaly  well  m^il*.    ]•  lk( 


iMU   1)0  jiUCfd  In  iho   • 

Kucti  •illllon  !■  rMri-fii: 
III*  Vl^w      ' 
v«am«  111 

b*re  buci-i 

Th»  Iri-all-i' 
r»««  d,  np  1' 


i:: 


t        In  C: 

I||»  lllU»-. 


»tii!   rno'lild  auiiliiiu;   ibal 
.ail'4,  >nil   ire  are 
I'Y  vow  pillflnan. 
T  lli«  anlliiT.  wUh 
iniiKi  rrCKDl  mJ- 
!.,(  tfiiatrvcr  tiiuy 
Jiiur.,  F»'h.  1b79 
.lapticl,  cliuirly  ojc- 


pressol  orflfiun,  '.iirfi  n"ir  m:tfir'r  ftn«  V.^sri  144*4 
Wan  n.'  » 

logic  ' 
Ihelin  < 

«lOB.  — .Wr   I 


•mil   ■, 

For  praeilc»l.  vi 
edlr  llio  br*»  Irenii 
p«ibi)U)4V  aoit  inorbiil  .iu*it>itk>. 


nut]  popaliir  •*  it  ti'xi-book,    c-o/  und  Otinic,  Feli.  8,  ISTft. 


■  nKdoaM- 


tb  tu  SugUDd  Hud  Atti»rtcit.    Tb«  cult  are  uttB- 


DRISTO  WR  {JOtLV  SVElf).  MP.  FR.C.P., 

■i^  Phyniiifi'u  nnft  Jotiit  fj*elur'rtin  Xmlieinr ,  SI    TUfmn*'*  8n»pttol. 

A    TREATISE   ON    THE    PRACTICE   OF    MEDICINE.     Sc^cond 

Atn<>ricHn  edilion,  reviited  by  ihe  Author.  Kililed,  with  Additionf,  by  Jaukh  ll.  IIiitts. 

in»0N,  M   D.,  Pbytiifiiin   to  the   Penna.  Iio«pilal.     In  ooe  bur^dsnnif  ucImto  voIubi*  af 

nriirly   1200  pi^f.^.      With  illustrations.     Cloth,  t&  00  j   leather,  t6  00;   half  BmH^ 

$a  H).     {Now  Rtidy.) 

Tfae  x^onnd  «iilti->a  oftlil*  »xr*ll«nt  work,  lib*  the 

trA.  bi«a  recflTvd    tbi<  hriifOt  of   l>r.   HiitcblDvnD'x 

aanuttllona,  by  nblfh  ihn  p)m»r>  of  dU«a^»  vM*')i 

iir«  prcnIUr  i<>  ihU  conoiiy  xre  lDdic4i>d,  nod  ihon 


l> 


trxAlliH   m\%Mi  woe  Uiiau<1o(I   for    BritUb   pracii- •  „,,),  ii,^  » 
orr-  and  alud»ut>  !«  Diail*  iiinro  practleitlljr  natfal  |  n,»,|iciil  pr 


OB  :hii«  Hide  of  tli*  WKtnr.  We  ree  do  rPHKOo  to 
ni'idKr  lli«  lltK^  nplul'ib  pr«Tloa<<ly  #xprA«iM>d  wlib 
tKgard  to  Or  Brl»»i>w«'»  work,  eicp#pt  by  addlOj; 
>inr  ■(>|>r«<'lKil»ii  ut  ihe  riirornl  liibi>r«  ut  lh«  auibor 
la  foPowlag  III*  Iftlnral  growtb  uf  Diadtcal  ircteoce 
Thx  chuptiir  <)ii  HIkkhmi**  of  Ibr  *kln  and  oT  lb*  iieiv 
ona  <y>ii-m,  wllb  «  ui^w  on*  on  iotlaDlry  compiled 
(i->m  tbe  lir»i  •.•'ui (.'■■»  oninlile  nf  ibe  antbor't  owl 
l-iHg  rxiifiUuf*.  and  lh«  raliiablf  pnrlion  rolatlnf 
ifl  gFUM'«t  p*tbi)l««y,  aid  grMlly  la  oompltllng  ao 
«  Kcrpltiionllv  K'lod  b»Mk  f\>t  purpntv*  of  raCereoo* 
M  od  toa  ru-il>iD  — Bnnlun  Medical  and  Surgical 
Jonmnl,  F<>briiKry,  IS*0 

Wbiil  We  «Hld  of  lb*  Aral  Adiilou,  we  eaa.  wUb 
lactMi»t>dcinphk»)«,  rriH-H'  conccrultij;  ilila:  "  Brer; 
pH^eUeba  ri<ctei  lii«<l  by  ibe  iilli<rniice>  of  a  tb»ogb(- 
fiil  aiaa.  W'lal  baa  liptpo  halri.  baa  liaeo  well  >ald, 
aad  the  book  is  a  f^ir  rellex  of  all  ibat  l«  cortiilnly 


tnnm  OB  lb*  •Bb<a«t«  eooaldered." — <M(«  IM. 

H*C'>r<i'r,  Jaa.  7,  1880. 
The  »lew»  orih«  author  an  mxpr^mmra  wllb  pfit 

iil<iu  »ii'1  «M(N'''- ■'  •  '    ■' ; - --  •     "frt 


'  ly  earry 


l«* 


trlov,  be  uli.  ^^^-k  ,■■  i,„-,  ~i<^-u^  ^, ^.,,u-l\ 
bU  cUkS  to  lbt<>'pp>>aiiiicuaolUBli>ao— J7.  O. 
Sufff.Juum.,  Feb.  1S*0. 

The  readpr  will  And   ■>'    ■ 
cuuDPCIed  with  Ibe  pru    ■ 
Dented,  lo  a  «tyi>  at  nacr  ^ 
cixe.     Tb*  addition*    iiitd»    l.y  L>r. 
•  ppropilale   and  practical,  au4    «ii 
u-'-rutcea*  lo  AuiertoAU  r*a4rr*.  —  6' 
Siirff,  y.>«m  ,  Marcb,  188«. 

We  reffa.id  II  aaauvxeellaBt  work  for  ataJraMMf 

for  prarM  till  Mor>.      1 1  U  i'  li-,,  i  t  v  w  rt  t  •  «  n     1 1 .  ■fin/^ 

-l>lr   •  j». 

mrUllr  ^ 

and  clii..' ...  i'...,^ ;.^.- ./:... .: .. 

Btivrd,  t*b.  IMU. 


iia 

Ua 


fJABERSnON  {S.  0.)  M.D, 


Tb)*  Taliiable  treatise  on  dueaitea  of  tb*  •tomaoli 
ixti  obdiiuirD  UaabKenonl  nf  print  for  aeveral  year*, 
and  la  iLeref'irtt  aol  ao  well  known  to  the  prufeaaloo 
an  II  d«*errna  t<>  be.  It  will  be  fuaod  a  ryulopadla 
uf  tnfortaiktluD,  ayrteiuatically  arranged,  on  all  dis- 
eaaea  of  lli»  Hllm»atary  Iran,  from  the  mo  <tb  to  Ihe 
ruolniti  A  fair  proportion  of  eacli  chapter  U  deTOlod 
to  aymptuina.  palboloxy,  nod  Iherapeuhca.  TUe 
preaeui  edliloo  I*  fuller  Iliao  forinttr  one*  In  many 
partlcniara,  and  baa  lieea  tburuughly  rerlted  asd 


amended  by  the  aatbor.   Se-eeri''  i 

b««D  added,  I'rlnglag  Ibe  work. 
and   making  It   a   roinu*  ufUi 
lioner  In  oTfry  fl<<ld  of  uip  '■  - 
rerlcd  nuiritlDu  ta  m  lui" 
dliieaies  we  bare  to  com 
lifbt  that  c^a  i^e  abtaluoj  m„    ,  •  u  <-j  .  . 
('uxral.     Dr    llati«rali»D'a  wurk   la 
praollltoaer  ahiald    read   aad    aiady 
A',  r.  M*<t.  Journ  ,  April,  1S7». 


•  II 
>ai 


Lh  ROCHE  ON  TKLLOW  FEVER. eoaaidered  to  tti  I 
Hlfttorleal,    Paibolo^cal,  Eliologleal,  and  Thera- 
peutical Relation  k.     In  two  large  and   haudeome 
nolavo  rolameaof  nearly  l.'iiiO  pp., ololh     17  00. 

gTORBS'  LECTPREH  OS  FEVER  Kdlied  by  Jobf  I 
WiLliAjk  Moork.M.U..  K.a\»lknUVYi?-W\*,ttVo\V»^ 
Cork  6lre.!l  Forar  HoapvXaV.  Vft  oik«  aavV  %^«> 
roloine,  elulh,  #2  M, 


aoLLATIO'B    HBOinAL    AnTKS    Airv  SXriSR- 

TIO.VS.    1  Tol   8»o.,  pp.soo,  elvtb 
BAKLOW'8    MARUAL    OF    THK    ; 
MEDICISR,    With  AddlUoars    by 
If    l>.     I  Tol.  Sto.,  pp.  dOO.  olotb.     $a  A». 


H^nhir  l^itf/xifian  to  and  taU  Laeturar  owiJte  PrineipUt  and  Pratttemo/  Jf^>fC<H)M  ctf  <r«B'« 

ON  THE  DISEASES  OP  THE  ABDOMEN,  COMPRrSlNO  THOSE 

of  the  Stomach,  ntid  other  parlo  of  the  Alltueiitary  Canal,  OS»opbaj;Ds,  Cwctm,  IbI**- 
tlnr.i,  nx\>\  Peritoneum.  Second  American,  from  the  third  eolargt.-d  and  r«vi»«^  8k£. 
linh  edition.  With  lllui<tralion9.  In  one  bandtome  ootavo  TOlnme  of  or*r  600  bara*. 
Cloth.  |9  60.      {Nov  Ready.)  "^^         ■ 


Hbnrt  C.  Lsa'b  Son  &  Co.'b  Pdbltoations — (Practice  of  Jfedicin^).  15 


PLINT  (A  USTJN),  M.D., 

Pro/tuftornf  I  ht  PrinefpltM  n»d  Praclieta/  JfedtciH*in  BlUimu  Ktd.  ColUgt,  If.  T. 

TREATISE    ON   THE    PRINCIPLES  AND    PRACTICE    OP 

MRDICINR  :  degiKnrd  for  tb«  use  of  Stadvntt  »nd  Prmslilioncrii  of  Mrdinint  Pifih 
•■Utfnn,  »nt)r»ly  rewritten  Mod  mnrh  iraprnved.  In  nne  Ure*  and  nlo<»l)r  prlnlvd  oetuvo 
Tohimrnf  lldS  fp.  Cloth,  %b  60;  lentber,  fS^O;  rcry  haiidiiome  half  KuaAU,  niiwd 
bkildt,  |7.     {Juu  Rtttdy.) 

EXTTIAOT  mOH  TMI  AoTVOv's  PiiarAPB. 

Tn  pr*p«rinfr  lb*  flfvh  ediiton  nf  ihl»  lr»»tlii»,  the  Ktithor  hut  been  (hnron  (\\\y  mlmfnl  of  the 
^rn|rrea>  of  mr'lirinii  ainee  Ilia  publicKlInn  of  th«  fVnirlh  »dllioo  in  I'^TS.  Tloit  An>l  ln)i"f  faara 
not  h«en  tpirvd  in  th«  endenvor  to  bring;  th«  work  in  »)t  reipvpt«  up  to  the  pri>irnt  «tiit«  of 
ra^dicnl  linowltfdK* 

Dr  Willinm  l{.  Welob,  Lofturcr  on  Piitho1o(i(ionl  Uiitology  in  th«  B»llevuv  lln«pit»l  Medl<:*l 
Collrgc.  ha*  ennlrihuted  in  Purl  I  tb<>  Or«t  e"*en  ch<tpter*.  embritoing  the  Kcnernl  piiibulogy  of 
Ibe  roliJ  tiM«ae!>  and  of  the  blood.  H*  bnH  nliin  reviMid.  And'in  j^renl  pitrl  rewriltvn,  th«  daMrlp 
|iiin<  of  the  ane.toinionl  eharaclsM  of  the  di.«eii«P4  ooniidrtr»d  in  the  r*\t  of  the  volume  [t  U 
helieved  tbnl  tbeiie  portion*  of  the  wnric  will  aerre  a■^  n  di|;citof  the  e^nentiitl  faiMii  pifrtHtninff  lo 
f^Ternl  nnd  rpecial  pnlholugleal  iiniitomy,  as  far  ai  tbii  importrvnt  br»och  of  iludy  bear*  upon 
pra  ti'nl  niedioine 

In  the  other  piirtiooe  of  the  trentise  many  ehan|i;e(  wtll  be  rmnd,  wbt^h  have  «oraewbat  en- 
livrf^ed  the  'lie  of  the  vuluine.  in  «pite  of  the  orni«<iioo  of  a  ooneldornble  a>aoiint  ol  mnller,  and 
lli«  rewriling  of  mnr\y  p(>rti')n!<  with  a  8f>eoiat  view  In  oondeniialtun.     Amonti;  tli4^><r  ciiiinee*  >niiy 

bo  mentioned  nainerouii  improrement^  in  the  nrrnn;^«in<*al.  includil;;  (be  el«  '''"'        ''  tb« 

•lifora'ci  of  the  nerrii<i<<  lyftein  on  an  nnalomioal  in  plana  of  .'i  ft.Tioplomiilir  b:i-  ''on- 

iiiilcnition  nf  rnrious  dinen^et   nut  emiiraerd   in  proviuiitr  edilionj.      In  *h'>rt,  I'l'  iiuBt, 

iiuh«litutlnn«,  and  ndditione  render  the  pre#«nt  edition  rlrtnnlly  a  new  work. 

In  laitkini'  nhnnicr<,  the  nulhnr  baa  not  been  lnll)l•^ttfed  by  any  i<»nt«  of  oblii^atlon  tumnintaln 
cnnriatenoy  of  riew*  with  the  previuut  e'tiliun-  '  •'•  -  '-■<  loe,  or  with  other  «"rlt-  ■->. ■  '•  Sn  hat 
written.     If  >l»leinent»  be  found  to  vnry  fro'  <»  nl  n  piiiir  date,  lb"  l>na» 

tion   !•   Ihnl  the  Inlter,  in  the  light  of  more  n  ^Kjonnii   e<)1iirg«i|   k(i"  '  '<a  to 

him  no  binder  tenable-  lie  Km  endenvfired  to  fi^i^.n^l  hn  own  p;iit  writins(ii,  sii  tti;*  putol  of 
view,  divei<l«<l  of  the  pnrtintttjr  of  niilbori>bi|i,  iind  lo«abjeot  theut  lu  ai  criliciil  an  exauiloaliun 
«e  if  they  were  the  writlngi  of  another. 

\T  TUB  S*.»K  AUTHOR. 

CLINICAL  MKniCINE;  a  Sy«tcranlie  Tri>,iis.-  r,„  ihp  Dinffnosis 
Bnd  Trentttjenl  of  l)i«eo«e8.  DetigueJ  ft>r  SluUei»t»  Hiid  Frofiitloner*  of  M'dlclne.  In 
one  Urge  and  bandioiue  octavo  volume  of  79 j  pbget;  nloth,  t^  &0  ;  leotber,  tS  50; 
half  Ru8«ia,  |A.     {l\'our  RtuJif.) 

!■  Ilila  fMniilrr  «■   I>ikI  ■>'  H.*  oiillior  of  IWO  WOrka 

■>'  <r  ouni«r(»ia 

P'  I  (•Ktea«lv« 

r-  ^•9 

Thiir*  10  ererjr  rok'aa  tn  b*l1«re  that  tbl*  bork 

will   hm  Wall   rrrnKed       Tlie  tellT*  |>rarlirliiB»r  It 

'— ■ — T'ljln  a*e4   of  •"me  w<^r^    ''■-'  — "     ntkble 

.biala   laf'^rinHiion    In    <  -    aad 

.1  «>f  L'»«»-«  wlih  ''<>mp»r  •  th.tt, 

i>i      rum    hita    th*    faciil'y    of   ry  -      if 

t  inhere  that  the  iklll  aad  learolog  of  the  great  j  ele^rlv,  amt  at   the  xine   time  ^ 

'  aaahl*  the  iea'clier  (••  ir«»»r«e  i 

of  bla  ■•'urch,  and  al  I  ha  aama  Dm*  .i"ia'  n  a\i  :  cut 
Uukeulld,  whboni  pl.rdillag  throafti  an  Inierml- 
u»b  .  .pa,.  _y    r    M"t  J»-r  .  I«„»    l*7a 

1  urlhe 

!•  and 


B 


The  emf  neai  laaeher  wbu  ba<  wrillen  Ibv  vnlonie 
audrr  (un.t  leradoD  h>>  rncoAuKod  ih«  naiHiii  of 
Ihe  linerlon  prnr1^•>•loa,  ami  rli*  r>«>ilt  la  atl  ihal 
r*  C'julil  wlah      Ttif'-ivl.'  Ill  xiiicii   111.    wr.l'FU  U 


v«   rea- 

■  r.  II. I. 


ItWKY*' 


iiA's  Son  &  Co.'b  PuBMCATJorrs — ( 


i 


/RICHARDSON  [BENJ.  11'.).  M.D..  F.R.S.,  M.A.,  LL.D.,  F.S.A., 

J-v         Fill  out  ri/lh'  Rriynl  CnlUgimf  Phi/tidant,  Londuti. 

PREVENTIVE  MEDICINE.    In  one  octavo  volume  of  about  500  pagi 

( fii  Pr*n  ) 

Tbe  ituicerse  gtrides  tiiken  bj  medtcnl  nclenoe  during  tbe  ln«l  quarter  of  »  <-' -  r»  ti 

Ttn  innre  ronffiica'^UK  ficM  (>f  progre'-x  tbiin  the  cauMRtiun  or  dr^rnjie.     Not  oi.  a^  t« 

mnrked  •ilvance  in  ihf  rniieulic,  but  it  hn«  given  rise  ton  virtually  new  tlvpii  .,^<>..  ..,   urdi- 
cine — tbe  prefetitioD  ordiseniie — more  iniportnot,  perbafii*,  in  it*  ullJmnle  re  tiU!i  Ibnn  ereo  lb* 
iTive*iig>itir<n  oT  curntiTe  prrtceMet.     Yet  than  Par  there  hiv«  been  ttu  altein|>l  to  ^aib«r  tntn  • 
Fv>leinnlic  and  intelligible  sbape  tbe  accumulntion  of  knowledge  tlus  I'nr  aoqiiir^rl  nn  thii  mo 
irttrrviiling  Mibjert.     FurlanRtel;,  the  Infk  b")>  h«en  at  Intt  undertaken  bT  a  writ^^r  aho  i>r 
vtherfi  if,  perhopis,  be^t  (Qualified  for  itf<  perronnaDce,  and  tbe  r««uU  u(  bi*  liibur*  can  hardly  t 
to  murk  iin  epoch  in  tbe  hi.<tory  nf  nti^ilirnl  xrieiioe.      The  plan  adopted  for  lb«  vxeoution  «f  tbi 
novel  ile-*lgn  can  be*-t  he  oxplnlned  in  hiii  own  norda  : — 

"With  the  object  here  cTpreosed  I  write  Ihii  volume.     I  bare  nothine  to  tny  in  it  th»t  b 

nny  relntiun  to  (be  cure  of  direafe,  but  I  baj>e  it  nevertbelrin  on  tba  curnttre  ride  i>f  laedi*: 

lyjrnrning      In  other  wnrdii,  [  (race  tbe  di*eiii)es  from  tbeir  iiatuul  repreorntntion  im   tbey  eili 

H^erore  U8,  in  their  nutural  prngrefs  after  their  birtli,  ax  fur  i>9   I   nui  iiMe.  bunk  to  th^ir  »t^^v- 

"jind  try  to  «r«k  the  coitdilion*  out  of  which  they  «pririg.     Thereti]i<>n   I  etidt>rtVf>r  further 

nnnlvie  I  hose  eonditioDi,  to  «e«  how  far  tbey  are  removnble  and  how  frir  tliey  »r*  AVoidsMtk** 


JXrOODBI'KY  [FRANK),  M,D., 

'  r         rt,y,»Utnf)  t,.  It,,  GtTwxan  Hotpftal,  Philaddj^Sin,  UtU  CM^  Attllt.  lo  M-A.  OHnie,  Jtf. 
H'tpital,  He. 

A    HAiNDBOOK  OF   THE   PRINCIPLES  AND   PRACTICE   01 

Mrdicine  ;  for  the  une  of  Student!  and  Practitioner*.     Bnred  upon  llusbknd'i  llMkdh 
ofl'ractioe.     In  one  neat  volume,  roynl  12iuo.     {Ptrjturine,) 


TjVTHERGlLL  [J.  MILSER).  M.D.  Edh.,  M.R.C.P.  UmL. 

*■  Aiirt.  PhwtolhoW*^!  r.im'l    //••»i<.  .-  A»»t    Pl,yi.  ti>  tht  OOj/  of  t,i<n<t.  H"irp,  ,Ht. 

THE  rUACTITIONER'8  HANDBOOK  OF  TREATMENT;  Or.tli. 

PriocipleF  nf  TherApeoticr      Sei-ond  rdilion,  reriiaed  and  enlarged.     In  one  very  oe* 
octavo  volume  of  about  850  page*.     Cloth,  f4  00;  ver;  bandtuine  half  Rai*i«,  fft  I 
{J^itt  Rfitly.) 

The  cftll  for  n  record  edition  of  Dr  FolbergiU'ii  work  hue  been  met  by  the  Author  with  A 
revision  performed  in  no  perfunctory  lusinner.     Tbe  entire  Ftibject- matter  bit  been  t-uHiniitelf 
to  a  mn.tt  onrefal  and  exbriuatire  scrutiny,  nnd  much  new  materiul  been  added,  inolu'l 
on  "Tbe  Funutionul  Ditturl'nDoe.i  ol  the   Liver,"   "The  Mean>  of  Acting  on   tti«   1 
Nerve  Centres,"    "Tbe    Reflex    Con^^-iiiieneeg  of  Ovarian    Irritation,"    "When    >' 
Iron,"  "Artiflci.ll  Digestion,"  etc,  lhu»  preMDting  »  complete  hI1«x  of  the  axiaiing  aondii 
^ef  tberapeoticnl  soieuoe, 

The  Joolnr  membcrt  of  lb»  pr  f<<u1i>D  will  Rod  In 

lif  *  iT.'ik   lii'il  '<bi>ald  DKl  UDiy  be  rfkd,  but  Citro- 

l^nlly  ctod  «d       U  will  KttiAr-i    iheui  lu    i  In    i<r>per 

f^«<fvl|i>ii   aDi)  c.i|iilil»»ii'>n  .>r  ih(«r.p..i  < 

eal  Hc)iipi*il  lo  sicii  cii>.«  inil  eoDilHi  « 

i.tlicsn  to   pretitribe   liilelllieutly  unJ  ••' 

T.I  •)'.  full  Jo^lic  lo  A  work  <i(  Itila  ^r   pe  uuJ  cb&r- 

nrler  will  bv  lm|»>>>llil>'  lo  «  revlrw  oi  ibk*  kluJ. 

Tlif  h'-'ik  lini'lfunkt  lie  reHil  to  ba  (ullyitppreclaied 

— .«    Z..«4»  iS.«r<»r  ../ jr.4<.|i»-..  Nur    »S90. 

Tlis  mithor  tonrlta  the  thaak*  of  erery  wel1-«da- 
lODieJ  pbyMi-laa  f.ir  tila  alTorla  t<iwiic>l  ntrtoaaUiiog 
ltli»  lre«lm«al  of  dliiek>e«  upou  die  (C  enitflo  batU 
■  «r  |)]i>'>l  itiiiy  Kerr  «liiii<l«r  ovary  lla«.  ha*  the 
Tllit  reo-  '-r  B  Diait^r  liia>t,  and  whilir  Itie  work  U 
lli-jrouKhly  >cl>iilinr  la  -very  luriieolar.  It  pre»«al» 
■••tbe  (bu'iglit  al  renderall  tbo  ch«ru»  a^d  b«aa- 
tti>«  o(  a  well-wrliiea  a<>vel.  Ho  pbytloiaa  e«a 
well  alTord  to  be  wlihuai  tb>»  ralnahie  work, far  It* 


ariitlnallly  tnakee  It  (til  •  niche  1b  medical  Urer 
tore  hItDMrr.i  rtvuny.—SruhfilU  JnHrn.  of  Jr» 
nrv'1  H^^rg..  '.•cf.  1^S0 

To  tbe  itremi  bnik  nf  pr*ctltl<>Der»  thl>  work  awM 
DO  tatru.tikctloa.  I>«>u«  alrcaJr  wi>ll   aod   ra.r. 

ko  iwa  I..  IhetB       F.)r -i---    '     -.^^ 

erev  new,  tbe  <i]i]r.< 
tl00>r,  In  wb<>ni    Xtt    I 
htllt»i>U    tdil    \n  •!.  . 
we  may  state  • 
tbl«Wi>rk.    TIk 

for  dllT"rp 

main  eon 

00  Wbll-i 

ferenc«  i-  i^      y 

O'lulaio'  much  euac«utnt*<l  won. 
irexr^rally  read    illptK^J    and  •- 

many  aa  *iAvt%natj.  ^land  the  y.>ii  v  «    

ia  good  Head.— £bmi  jlvi.  HtmrA,  i>m.  IS,  IMii. 
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■A  TSON  (  THOMAS),  M.D,.  fi-c. 

LECTURES    ON    THE    PRINCIPLES    AND    PRACTICE   OPJ 

PHTSIC  Delivered  at  King'i  Colleee,  London-  A  new  AnterioaD.  from  the  Fifth  r« 
Ti.4ed  nnd  enlarged  Hnf^liiih  edition.  B<l!led,  with  nddition.i.  and '<»rernl  bundrol  llliulrl 
tiona.  by  |iK!«Rr  U.\rtsiioR5R,  M.D..  Professor  of  Hygiene  in  the  Univervitj  of  ?(•■• 
pylvania.  In  two Inrxe  and  handsome  6ro.  rolg.  Cloth.  $9  00;  loathar,  f  1 1  Oft.  [J 
PHkhskt^.) 

A  RTSffOKNE  (RRyR  F),  M.D., 

Pvi/'»»or  (>/  Hpi/('n»  ti^  tSi  Untv*r*((y  of  PtnnrptT-inia 

ESiSENTIALS  OF  THE  PRINCIPLES  AND  PRACTICE  OP  MEDI- 

CiNE.    \  hrtttdj-book  forStadents  and  PractitioDcri.    Fourth  edition,  revi««d  and  in-* 
prov«d    W\i\k  »>k««\  rn\«.Vivw\T»'\\\\t\«>T«L\\i*v,»     Iti  one  handtuma  royal  12aio    toiitai 
ol  aboul550  ^af««,o.\ovVv,^^<V■^  ,  VsvU  \i«>vuiis%'i -«>.    vUiv«>.h  VM>aU.\ 


FxtfRT  C  L"BA*8  Sow  &  Co.'s  PtTBLiOATioKS — {PmcHce  o/MfidMne). 


T>KYNOLDS  {J.  RUSSELL)-  H-O- 

■*■  ^         tWnf.  nf  th*  PrincipUt  and  I'motUi*  of  Jhif (fin*  In  Omit,  Oott4g»,  Lana«», 

A  SYSTEM  OF  MEDK.'INK  wttb  Notks  kud  AoDiTroMS  bt  TTrwrv  ri«RT«. 
BOKXK,  M.D.,  Inte  Profeuor  of  n,vKi«D«  in  the  Univ«'r»il,T  of  P«nnii,  In  ihrer  Urge  »nd 
hnti<liiuini<  octavo  volamea,  cnntainini;  'A0i>2  clusel;f  printed  duulfln-coluuineii  pnjier.  wilb 
namer>^U9  illa*trali'<r)3.  .SoW  ottly  A«  >iih^rn/tiio>i.  Price  \>rt  vnf  .  in  olo<h.  |->  'irt  ,  io 
dheep,  SA  no  !  balf  Riimlk,  misted  b«nd«,  fA.&O.  P«r  let  in  eltilb,  $16;  i<(i«ep,  fl8;  half 
Rusdiii.  $10.50 

Votms  I.  {jntt  ttady)  oontaiim  OxTTKRAt.  Diskarbi  and  PiitA«RM  or  tus  KcnrorK  Sv^nv. 

TotniTK  II.  {jitu  TTftii^)  rnntntnii  DtsRt«K8  or  Hbimratoiit  and  CtRcuLiTuHir  Systkms. 

Voi.»iM«    HI.    (Jiiil   rfirly)    onjituni    Di«ka«rs  or  Tim  DiOKHTiri  »nd  IJiooD  i>r,*?<niiLj|ii 

FVSTKNS.  or    TRK    ritlRAHT  ObOASS,  OF   TBK  FsHALI  RKrBOOUCTI  f  B  gVSTEM,  and  «r  rBB 
COTANRODS  SrSTKH. 

Ri^yncitdn'R  SmTBM  or  WKDinnB,  rcrentljrcpmplated,  hu  acquired,  ntncr  the  first «pp«nrnno» 
of  the  first  volume,  the  well  ilererved  repulhlinn  of  being  the  woric  in  «rhi<-b  rilndern  Britiith 
inei1i<>ine  i«  presented  in  it>  fullest  Mnd  most  prnciical  form.  Thi»  could  tcufft  be  otbctwipt  in 
view  uf  ihe  fact  thnl  it  i»  ihe  re»ult  i>f  the  enllaboration  of  the  |f-i--  -  ...;i.  i-  ■■'  (h,  prufei-*!©!!, 
encb  Riiljecl  being  tre.ited  bv  some  Kontlenian  who  i*  recorded  hority— nil  (or 

ln«tiinee,   Dii^enne.'  of  the  Blndrtrr  by  Sir  Hknhy  Tho»i'so5,  th.«  1't«'ru*  hjr 

Grailv  HawiTT.  In^aniiy  by  Hisi«rv  MAcnsi-iir.  CfitijuKni  n.  i;   i      i  .    i;f>>Rt.  Dl«- 

•••*!•  of  the  Spine  by  Cham.h*  HL\r<n  Rapcmitk,  Pericnri''  ■  i  •  ^l  -  ■  >  ^  Mouholipni 
by  Fhami'Di  E.  Arstib,  Krnal  AflVction*  by  William  Kirut.Hii.  Apilnn.t  liy  11ii-k  {Iai.tKr, 
Cerebral  AfTrptinn^  by  H  Ciiarlton  Kastia!I.  Gnul  nnd  Khpiimiitifm  )>v  .^Lriirit  RAnrNo  OaR- 
Riio,  C-mstilnli' n>>l  Pyphttir  by  .Iokatbah  fluTf  hii«!«oii,  Di<e»i<ri<  of  fho  Pt'itnnoh  by  Wii.joi 
f  uX,  Dii>eii*es  o(  Ihe  Sltin  by  Dai.MAKNO  SijL'iiib,  Affeotioni  of  the  Larynx  by  Morkll  Mao- 
rBMtiB,  Difea-Afif  of  the  Realuin  by  Bliiard  Curliiio,  Diabete*  by  Laui>ku  KiKiiiTun,  IntM- 
tlnal  bieen^e*  by  Juhn  Sybr  liKiKTowa,  CalalppJiy  nnd  !^oiiinufnbuli.<ni  '      r  ;  ''         ''iab. 

SBKR,  Apoplexy  by  J.  Hi'nm.iN'GR  Jack«o!<.   Aiijfiaa  Pecturi<i  by  Pr'  hy- 

remn  of  Ihe  LaD|;s  by  Sir  William  Jkmxkr,  ein    etc.     All  Ihe  leRdirn;  '.-iid 

h:ive  e<intribuled  their  be«t  men  in  generoaa  riviilry,  tu  baild  up  tfalii  monunieDl  of  n>«>iioMi  »cl- 
•nce.  St,  BiirtboloinewV,  Ouy'*,  St  Tboiuai'e,  Univerfiiy  Collrga,  St  Mary'*  in  Londnn,  «hil« 
the  T?dlnbjir|rh,  Glasgow,  and  Miinoliexier  Kihools  ttree<)tiiilt^ -"  -  ■    '     ■      '  *■    r;,.»| 

Soho'it  nt  Netley,  the  military  nnd  nnvnl  lervleci,  and  tli-  .rk 

eonc^-ived  in  fuch  a  vpiriT,  and  ewrried  oul   under  mich  no-;  >bl» 

trea»urj  of  fact*  nnd  experience,  rulled  lutbe  daily  iranta  of  lb«  pritciiiit.ticr,  was  inenialiir,  anil 
the  Burcrfs  which  It  hn«  enjoyed  in  Knjfland,  and  the  refiiitatiop  whii'h  it  ha«  neijiiirrd  oo  ihit 
eidr  uf  III**  Alliintic,  hiivevrnled  if  with  tlir    '        '      '         ''  il  natioRt . 

It<  largr  rira  and  high  price  having  lt<  '   in  thi» 

cminfry  who  desire  tn  |in«>rii<  ii.  n  Hritint  i  ,  hull  ren- 

der It  aecriitible  to  all  To  tnret  thli*  dviuand  the  prevent  edition  hua  been  anii»rliik#n.  Th« 
five  Toliimrt  and  five  Ibouoni'd  page*  of  the  oilfinat  have  by  toe  u>e  of  armallor  type  nn  i  double 
Ooliiinn.i,  bern  romprr">ed  Into  three  Viiluiae(>  of  nvnr  ihree  llinii«,ind  pngi*'.  rieurly  and  hand- 
eouiety  primed,  and  oflTrred  at  a  prica  which  renderi  It  one  uf  the  ch«a)i«it  work*  aver  pr*«*nlMl 
lo  the  Aiiirrican  profeMlon 

But  nut  only  in  iha  Americim  edition  more  convenient  and  lower  priced  than  Ihe  EnrH»b; 
it  i«  ftlso  better  and  more  oompleto.  Some  yenrt  hnvine  elapsed  tiijce  Ihe  nvprnranfe  of  • 
porliiin  of  the  work,  addilionn  are  rrquireil  to  bring  up  itie  ••;'  ^itioa 

offcieiice.    Sumo  di.-<ea.«ei.  at>o,  which  are  eoinpnrnlively  uiiimi'  -'<ra 

elaborate  treatment  to  adapt  Ibe  article)  devnied  to  them  lo  tin    .....:  ).i;y*[. 

Oino  :  and  there  are  point'  on  which  the  received  practice  In  tbi*  oonnlry  diflerr  Inim  that 
•  dopteil  iibrond,  The  eiipplying  of  thet#  deftcietwi«>»  hi^  her  >ifi'lertnk»"n  by  HrrrtT  (liiiTs- 
HORMB,  .M  D.,]»1e  ProfrMor  or  HyKieiie  in  Ibr  ^  nr«<l 

to  render  the  work  fully  up  to  the  day,  and  n«  ta4 

to  he  to  bin  Enfrll^h  brethren,     The  number  ol  u.^. .  ; .. , .  . .  ..^.,  aad 

ito  effort  apared  to  render  the  typogruphlcal  etecuttun  unexceptionable  iti  every  resperi. 


Realty  lou  in  uch  pmliie  cau   •mr'-ly  liu  t'^tru  u. 
IhiM   BobU   book      It   l>  a   . 
wrli|«n   »■/  «..rMft  of  ilio  h-  ■ 
fnit  ,,r  .|.,-r,)i  luioriiialloii  •■"• 
!!•••   '  •  rtMlly  work      A-  a  \r,   k  iil  rp 

i!  '  •'     II  I*  n[t  Willi  III*  tlin*».    It  I- 

a'  M  .,:n(l  lo  >tyl«,  aod  ll»  form  !•  «• 

of  Ui  turn  13 ua  publlehar.  —  LattUiri/ia  Mtd.  .\  •■  ■ 
Jaa.  SI,  1880, 


I  >ab|erit  with  wlilcb  he  tUoata  t>«  raiatllaf  — 0«U- 
lurd'*  Mtd.Juur*  ,  Feb  \K<> 

Th^m  (•  Brt  ini'i('p'»l  W"fli  wM^h  we  b«r»  In  I1«aa 
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HKKftY  C.  Lba'8  Son  &  Oo.*s  Pubitcatiowb — (Praa.  of  UStf.,  Sc.y. 


?aB 


T>ARTHOLOW  {ROBERTS).  A  M.,  M.D..  LL.D. 

J-^  Pro/.  ofUattria  Mt<ttfn  ond  Omoral  Thunipfutirir  (n  /*•  Jrf  U*d.  Ooll  r^  F\tln  ,  M* 

A  PRACTICAL  TREATISE  ON  ELECTRICITY  IN   ITS    APPL 

CATION  TO  MEDICINE.     In  one  Tery  handsome   12aio.  vuloine  of  nboul  300  pi 
with  namerotu  illaatrations.     (In  preti.) 

Tbe  ooiistnully  inerruin^  iherapeutio  uso  of  eleotHcity,  itnd  th*  nTxenea  of  •  soaelM  r^M 
•niled  to  the  wanie  of  the  general  practitioner.  hnr«  induued  the  author  t-  — ;         "' 
Toliime-     Hii  object  haa  been  to  prraeot  the  moat  udvaacad  SLala  of  e\i 
form  direated  of  unnrcaaanry  teehoicalitM*,  keeping  oonaMotly  in  Tiew  n 
the  atadent  and  pbyaician. 

A«  I  he  rolumo  ia  founded  upon  a  ooar««  of  leetarea  delirered  In  the  JeflVrioa  Modlea)  Colte^ 
during  tSSO,  iu  adnptftiioD  to  its  purpose  iainaarrd.  Dr.  Baribo1ow'a{Kiir«r  of  tdcid  «spn*(tJi 
ix  well  known,  nnd  i»  parlioularly  desiralile  in  a  rubj^ct  auoh  as  til U,  treated  from  lb*  alaa 
point  of  the  general  praotilioner  and  not  of  the  spetitnllst. 

PlNLAFSOy  {JAMES),  M.D.. 

•*•  PJimiclaii  and  Lecturtir  on  CKnteal  STtdi'fn,*  in  thn  Oltugntc  Wf»(f*n  /n^rmorjf.  me. 

CLINICAL    DIAGNOSIS;    A    Handbook   for    Sludouts  and   Pi 

titionera  of  Medicine.     In  one  bandaome  13mo.  volume,  of  54ft  p»ge«,  with  &6  lllnti 
tiona.     Cloth,  $2  63.     (/»>(  Imttti.) 


The  book  la  aa  esfrAlleut  one,  clear,  eoaeim-,  eonro- 
■  Uiii,  praciiCAl.  It  Ik  replete  with  the  verj  knov- 
l««lgtf  (b«  •ludeot  Deeds  «b«o  be  quite  the  lecture- 
roil  in  and  ilie  laboriktorjr  for  Ida  ward  hbiI  diok-rooin, 
ani)  doBH  not  lack  lo  lofurniHltoo  thai  will  meet  tbe 
viot*  or  experl»D(Sid  and  older  men.— TAda.  Jfed 
Timei,  Jao.  4,  lB7e. 

ThielKoDoof  the  realljr  aeerol  book*.    ItUattrae- 


lire  fn>m  pr-fec  to '*■'■  "    ■'  ■■- 

fiTriiapU«»  oil  MTHi  ^ 
D  n  coudennsil  Torai  .' 
and  dl«f  nn.ttlC4  Iu  )>' 
becau'e  In  lie  nrran.- 
noufinallj  eoDT'oii^ 
eianrgvoeytbet  nt*j  c^..^.^  uj..-.. , 
—  A',  a  Mt4.  /vurn.,  Jaa.  tB7y. 


JJ/TCHELL  {S.  WEUi),  M.D.. 

Phy*  tn  Orthopaiie  Hnnpltal  nnd  the  fnjlrmnry /nr  lilt.  qftS*  Jf-rtfnt  ttytlwtH,  fiktta,,  lAr  ( 

LECTURES    ON     DISEASES    OF    THE     NERVOUS    SYSTBJ 

BSPBCIALLY  IN  WOMBN.     In  one  varjr  handsoue  12iiii>.  volume  of  «boat  2ilj 
wilh  fire  lithographic  pUtee.      (S/iortff.) 


H 


AMILTOS  {ALLAN  MrLAXE).  M.D., 

Attf<»'l<»g  rA|/«<e'Tn  nHht  Jfo*]riltnl/.ir  FftlUfitle*  ot%<t Paraiytteg,Sltttk^^tr»  T»tmmt,t2 
aiid  atlkt  Out-l'atUntu'  Dtpnrtmtnl  rif  th%  Vtw  Tnrk  H»iHlnl.  j 

NERVOUSDISEASES;THEIR  DESCRIPTION  AND TRP: ATM EN1 

la  one  handsome  oetaTo  roluioe  of  512  pages,  with  b3  illus. ,  cloth,  $.*{  50.     (Lau/f  h» 


CLIMICAI<  OB8BBVATIf>N8  OW  PUNCTIONAL 
NERVOUS  DISORDERS  Bt  C.  H  AMu^minJowBd. 
M.D.,  PhriKoUa  to  St.  Hary't  Huspltiil,  Ae.  ti«e- 


ond  AmerlcapKditlnn     In  on*  h«Dde9ai«4 
TolomeorSlfi  piige*,cletb,  #j  2fi. 


MORRIS  {MALCOLM).  M.D., 

^"-  Jntnt  LtalHTtr  '>n  Dermntnlopy,  St,  Xnry'ii  H't*p1tnl  Med.  Srhnol. 

SKIN  DISEASES,  Inolndina  their  Definition.s,  Symptoms.  Din<^r 

Prot!Do»ia,  Morbid  Anntnmr.  and  Trentment.    A  Mannal  for  Stniientji  nnd  Pr«e(lrioe( 
Inone  I2rao.  TOtomeof  OTarSDOpngea.    With  illaatratinns.    Clixh,  f  1   76.     {Ifvitttm 

Trt  phyMrinDi  who  woald  llko  lo  kaow  nonirlhltig  appliaoee*  of  e(itiiom>n>  niedlelu*.  Hn  li*«  |irv4w*' 
about  aklD  iMieare*,  an  that  when  a  patleut  presADt*  a  pteio,  pracllcnl  Ivi'ik,  ^T  al'l  of  vbUll.  wbe  •• 
blm>«1f  for  reltrf  llirjr  CUD  mtka  a  oorreet  dla;noalt  Fhiiaa«a  may  Irilii  b!a  ••■•  t»  (ho  r..r 
aod  pre»crlbiia  rational  treatmeDt,  we  aabaaitatlDKlir  llRbt  bnt  aliiulArikat  <llir«riiac<i- 
reenmiuend  tht»  Utile  hook  of  Or.  Morrla.  Thptilfoo-  are  oelthM-  ion  r.i<an  u»  oroi 
tloQs  of  lh»  akin  ire  dneerlhed  In  a  ti>r«e,  Ineld  mun-  ttona  (br  Irralitn-nt  arc  cleat  aad  .u-, ..., . 
Der.  and  IheIr  eeT^ral  cbumclerlMlci  %n  plainly  Ml    Brain,  April,  IKSO. 

rank  that  .llngoo^la  will  be  ea»ir.    The  treatmettt  ,     Tbe  aatbor  baa  UaodUd  hl«  aabl»«i  U  a  etaatb 
Id  *ach  oaae  !a  «nch  a«  the  eiperleoee  of  the  moat    ,o„,,i.g  miinoer.  «d.1  a*  a  t.ai-ho'l,  to  .Indaaul 
eminent  dermatolorl.t.  adrlBe.-«Ficli»i»a«  M^di-  ,  „,„„,i  will  bo  found  uwf.tl  -JT-Jicat  rta4 
eat  yru>«,  April.  ISSO.  „„,  R^^rl^^  M»rrh  ?7.  1  k«i 

TbU  la  empbatiealty  a  learner'a  book  ;  for  weeao       Tb«  aalhor- 

eafvly  aay,  ao  fkr  aa  onr  jndxmunt  foe«,  that  la  the  dnrod  .idk  of  i 

wb'>le  raog»  of  medical  IWeralnre  of  a  Ilk*  scope,  anbjocl  nf  win 

tliere  la  no  b.iOK  wbieb  for  clearn»«a  of  expreifloa.  wbtch  i   . 

nd    tnelfaodlcal    arrann^meot   la    ballsr  a.lnOtad  to  and   pn 

rntntiie  a   rational   eoarvptloa   of  dermatology,   a  en/  in.f  '. 

ranch  eoofe*»edly  dllBeiilt  aad  perp'exiDj   to  the       xhi«  eK«i»ii.«i  litili-  h..yk  n 

U^inner.— ««.    Louij  Oourttr  of   Xtdtetne,  April.  di.(,„,ui,b,d  pupil  of  J.ii.lh... 

'^^'  oommenria  llaelf  AboTP  all  br  li-* 

The  aathnr  oflhla  masaal  haa<^Tldea>ly  a  full  and  an  I     |>rr<lalon  — ^nnnl«<    4»     It  »wia<»ejy««   <(  ' 

lei^maie  ac'iaiilataaee  vltli  the  litvralnre  of  derma-  8yphit(graphi»,  Parts,  23  April,  ItlMI. 
tology,  and  with  tb«  uuel  raoeol  d»Talu|ipaBta  and 

pox  {  TILBURF).  M.D..  F.R.C.P..and  T.  C.  FOX.  B.A..  M.R.O.S., 

^  Phynletomtntk*  lUpnrlmenl fur  Skin  DI»tatM,  rmtrtrml^  Onlltg*  U^'filrl 

EPITOME  OF  ^K.V^  \)ISEASES.    WITFI  FORMUL.«.     Po»Si 

DtVTB  A«l>  VllACT\T\oii*U%.    %a<tMtM\«A\V\o'ft,\\vW<>Xi^\'^'<«t\»w\»»*  !eT«atltr«i»(iUjjt4. 

0D«  T»ry  baoAiOme  \lmQ.  ■«o\vt\a.a  'ill^^i  \«>.i**-    ^\«!!«^^\^  ^^-    V5>a*.  \\a>HMk\ 
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ITiNBY  C.  Lba's  Sow  A  Co.*s  PmsLioATioirB — (Dis,  of  (he  C%e«^<*c.).  1^ 


pLINT  (A  USTIN),  M.D., 

Pr-ifej>iiiir  »/  tKr  PrinripUt  and  Praetie*  of  JTiiitCedt*  Cn  BMnu*  Bmi^Ual  M*d.  OalUgt,  f.  T. 

A   MANUAL  OF  PEUCUSSION  AND  AUSCULTATION;  of  the 

Phyuicnl  Dlngijo-U  of  Uisenxes  of  thf  Lungx  and  Hviirt,  »nd  of  Thnrneic  An«uri*ni. 
SacMTxi  eililion.     In  one  bnodfoine  rujftl  ISmo.  volume:  olotb,  tl  A3,     (Jtitt  KraJ^.) 

Prof  PIUl  li>  »o  well  kauwB  ti  «  fDodlrkl  (a«elii>r  ,  pli]rit<!Ua°»  ll«r»r]r.—  Jf«l.   ami    Burg.    Rtpurttr, 
and  wrltfr  ihjti  II  nocrn-    •nrxrfliiuun    (o  utiilo  thul     Mi%rcli  IS.  ISSil 


llir  milijufl  liH*  Uffn  irrilrd   \u   •   ibormi^h  niiil  •¥•- 

t»«aaili.<  iintiiiifr.  in  tpri-lnn  h  fur  »  MHMtid  rdhou 
Iha  >iitli  >r  h44  coaOucJ  liliniifU  C<>  'uch  aildliloiii)  *i 
■•em  llkvly  I'l  rru-ler  It  m>'rfl  i)>rfnl,  o<il  OUly  I" 
•t1ld<!ul»  >iuc-t(*d  la  Ih*  pracllckt  tliulf  i^f  Ib>'  ■>i')< 
J*cl,  bat  ulto  to  |>r«ci|t1ou«r«  ]i»  »  biiDdl>'<  ' 
rwaljr  r«C>-r«n<r.  «nd  wb  do  D»l  biollalr  lu 
tlisl  ll  wuiild  proT*  a  vitlaalila  addiuoa  to   '- 


Tbc  Jllllii  wurk   bufora  an  ha*  alnmdf  bwona  a 
-lAiiit.inl  <inf<,  Hill]  hiui  bvCoDiH   ritl*ii>|Vi'lT  <id<ipt*d 

■■•i\.    Tli«f«  u  wrtiilDiy  tii>ri»  t.'<'ii..r     ri 
>«  ■obklaoeo   of   ib«    li»»oa«   whicli    itia 

'  >r   iii>MV    liiiir-  L;U'>it    In   i    M.liiM'l<ti   irllU 

■■■"», 


»r   rwK  8XMB  AUTBva. 

niTHISL^:  ITS  MORBII>  AX  ATOMY,  RTIOLOOY,  SYMPTOM- 
ATIC KVKNTS  AND  COMPLICATIONS,  FATALITY  A?fD  PR0fl>'081.S.  TRBAT- 
MKNT  ANU  PHYSICAL  DIAONOSIS;  in  a  »eri*»  otClinicnl  Sludieo.  By  Air»Tlll 
Plint,  M  D.  Prnf  of  th^  Principle!  »nd  PractioenfMrdlcino  in  Drllorur  llorpltal  Med. 
Coll«g0,  New  York.     In  on«  h»ndfora«  ootavo  volume :  $3  60.     (I^iulv  h»*<f4  ) 


jyr  TUB  SAME  AUTHOR. 

A  PR  ACTICAL  TREATISE  ON  THE  DIAGNOSIS,  PATHOLOGY, 

AND  TKEATMENT  OP  DISEASES  OFTMK   HICART      Bo"ond  rcvUed  and  enlartjed 

edition.     In  on«  octavo  volume  of  5S0  pagee,  with  a  plate,  clolb,  $4. 

Dr.  PllDtcha»»a  dlOcal'  unbjcet  (or  liUreiieircbaa,  i  tB<le1«»rei<t  priellcal  lr«»IU>ODlbnii»  (nhjaftt  »a4 

and   bt»  •howo  reniHrlivhU  p,jw<>r>  of  obnervalloa  ;  •buald  b»  la  tli«  baodn  of  all  practtllnBar^  aad  (la* 

aodraflecllon,  a*  wallaa  srratlDdaatry,  to  bUlrfat-  i  daota.  11  la  aeradlt  lo  Anarlcao  madlaaj  titrrslore. 

■■at  of  II,   Hlabuuk  loaat  b»  coaaLderad  lb«  falleal  '  — ilawr. /wurn.  »A iA«  Jf«i.  Seu»€>**^  i»ty,  IMO. 

■DT  TBB  SAMH  AUTHOR. 

A    PRACTICAL  TREATISE   ON  THE  PHYSICAL  EXPLORA- 

TION  OF  TIIK  CnEST  AND  THE  DIAeSOSLS  OF  DISEASES  AFFECTINO  TUI 
RKSPTRATOKY  ORGANS.  Second  and  revieed edition.  In  one  handsomeoetavo volume 
of  595  pagea,  ololh,  $4  60. 


B 


RO  WN  {LBSyOX),  F.R.C.S.  Ed., 

Sfitl'ir  SHrgrfin  /nf^t  Cmtral  Ann/lon  T^triwif  aA<i  Snr  /f'ttpltaf,  tie. 

THE  THROAT  AND  ITS  DISEASES.     With  one  hunrlreil  Tvplonl 

Illuatraliims  Iti  0«l<ir«,  and  fifty  wood  fngraTing*.  drtignrd  and  rxrruleU  bv  tha  4iilhor. 
In  one  very  handaome  Imperial  uolavo  voluiue  of  :{61  paget ;  clulb,  %i  00.    (./uj(  lir.:iAs.\ 


Ohir/  of  Ih*  nrual  iHtyntar^/  >it  tht 


OEILKK  (CAfiL).  Af.D.. 

Vniv.  H'-npiliil,  Phtlu  ,  «M. 

HANDROOK  OF  ULAC.NOSIS  AND  TREATMENT  OF  DISEASES  OF 

TilK   THROAT  AND   NASVL  CAVITIKS       In  one  Imndaome  royal  l3ino.  volume, 
of  l&n  pttgtt,  with  33  lliiutrationi;  olotb,  f  I.     {Jit$t  Ktatiy.) 

W*  inoal  livarlll^  Ctitnaioud  lbl«  buiik  a»  abowtas         AevavoBlaat  llttla  liaodbi'  ifid 

•OBud  lutlKniciil  Id  pCKrtlco.  aad  iwiifrcl  Uinlllarliy  .  aciiarkl*  la  Ua  laatbnd,  a<i4  •'  .  via 

vlih  iLo  lltAraiure  of  ti'«  «p*«  altr  II  »•>  ably  «pt-  i  paiDuo*  of  brikglag  Iba  aulij.  v,  ...    .,  ..,. ,.  ..  i..«te 
luoillea.—  PkUaiPt.  Mt<t.  Tim*»,  July  S,  ISTt.  wltaln   Iha   eumprabaualaa   ot  tb<>  aaaerai  frattl* 

I  (luMar.— .V.  O.  MtU.  /our.,  Jane,  IbTV. 


WILUAMrt'S  pnLJIONARY  rONStrMPTIOS;  ita  i 
Xatura,  Vitrlalirt,  and  Traatinaot.  Wliti  «•  AU- 
alfala  of  Oaa  Tbudaaad  Caoaa  lu  vxampttry  lla 
tfotatluu.  Ib  aoe  aaat  oetAVo  Tolume  of  about 
SAO  pagaa  ;  eini  ti ,  f  3  An.  I 

8LA[iE  0>f  Olii^      i    "  -, 

mi'iii.  wuh  .. 
T*l«jnci?  In  »iii ' 
edIIIOB.    1b  vut<  sett  rui  Al  ll^uio  Tiiiame.   cK.tb,, 

m  K 

WAL8HB0MHEDtSBASE8  0FTHEH«ARTAXD 

QRKAT  VKSSKLS      Tlilnl  Aroarleaa  tdltlOQ.     In 

1  vol.  iro.,  43ii  pp.,  elulb.  ^i  IHI. 
CHAMBKR9-e  MAXDAL  Or  l>tBT  AW   RKOIVRS 

IN   HKAI.TII  Ann  8irK.'(i;'<l>l,      laoaebaBdaoma 

octave  volnma      Clolb.  M  7A. 
LA  KOCBR  Oil  PNKUMOXtA.     I  vol.»ve..  eloth. 

of  ^nn  pacKa      Vrlfo,  $^:  on 
WIL805  8    STCDE.STS    BOOK    0»    CDTAMJWn*  i 

MKDICIMK  and   li»a4«K<  nr  TM*  Ml*      Ib  oae  | 

Tarx  tiaadtvine  r«jai  llaio.  volume.    93  M.  I 


POI.LKR  fix  DISEASRS  OP  THE  Lr^<15  AVX*  AlH- 
I'AKXAdKH    Tbalr  P«ll>.<liia.«,  Phyalr^l  l>iHiiu<»le, 

Sjrvif -  '  •'• Y ■■•-,tO'l»»4 

rav  i-.iauelava 


\5DBm. 
i     I*  SB. 

•  I  <'>i1de 
ra- 
:  no. 


tior. 

LEr*'l  i'  rvr.^  ■  '.1  I  ij  r.  >  1  I  M  I  t  '  j-  i-  fc  \  t,  K.  ^  V  A. 
Hirna.111,  N.p..  M.K.I. A..  Pbr*t«taa  lo  Ibe  UaaU 
Hoaplial      iBonavol.  9to.,  cloth,  f3  'lO 

A  TRBAT16B  on  PBVKR.  Bjr  Rnatav  D  LToaa. 
K.C  C.  lu  one  octavo  rutama  ot3«'2  pa<«i,  ololh 

HILLIER';  rot 

StaJnoi*  la 

oaaroya;  i^M...  i-,  -,.  v^.t-  yj..    .i  i  ..i  iii...i..uva«. 
Oloth,  9S  *ft. 
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*UBt.iC4TT0N8 — ( Venereal  DwenMit^ 


nVMSTEAD  {FREEMAN  J.).  M.D..LL.P.. 

"^         Pro/fJiimr  nf  FerKr^nl  Dintiiii**  tt  thi>  Col.  of  PKitu  an4  Surg. ,  Km  Tork,  A«. 

THE  PATHOLOGY  AXD  TREATMENT  OF  VENERT      '        s. 

BASES.    Including  the  r«iiultii  of  r«c<ent  iaveetigatloDg  opon  tb«9Qbj<Kt.    i  i, 

rerised    nnd   Inrg-ly   rewritten  with   th*  co-opprntinn   of  R.  W.  Taylor,  -• 

York,   Prof   of  Dermutotoxrv  in   tho  TTnir.  of  Vt.      Tn  r>ne  lar^e    anJ  hai  t» 

▼nluin«or^!)&  pager,  wilb  ISttillastrations.     Cloth,  $4  7&  ;    leather,  $6  Tj  ,    - _  nv 

$8  25.      lN<nv  RfaJy.) 
Thin  wiirk.  on  its  Br^t  ii)ipeAraner,  Imitedlnlcly  t«ok  the  ponitlon  of  a  •tan4*Ml  itt>>i<>riiT  •• 
K«  (ttWject  vh«r«T«r  the  Ungung*  U  sfiiken,  and  th<)  tiioi^ri  of  tin   Itnltiin  trn'  *t 

that  it  i<  regarded  with  iiqoiil  favur  oo  lh«  Oontinrnt  of  Eariipa.   lo  repeated  f>dli:  ,tr 

labored  «ediilnuftlv  tn  rmder  it  lOore  worthy  of  itc  reputntioii,  ntid  in   lh»  i'  <« 

pnins    have    ti^eii  spnrcil  to  perfect  it  lui  far  as  powibU.     Si-veriiil  ve  ir»   li  i  .•» 

the  publiu»lion  of  the  th  rd  vditjon,  much  mnterinl  ho.s  hean  uonumulnteti    :  «| 

by  the  ifiilui'try  of  fyphilologi  t«,  nnd  new  riewg  have  been  •iiunoint^'i.     All  -  M 

eonflrined  hy  obtervatiun  UD<I   exfierienoe.  b»a  been  incorporated:    innny  pArtinn-  ,i(| 

b«en  rewritten,  the  e-eriei' of  iliui-lnition*  him  hern  enlarged  »ri"I  "  -if 

b«  rfg'tr'^ei  rather  a»  II  new  W'lrk  ihno  n»  a  new  edition.    It  t<  ■<'  a 

a  l«v«l  wiih  ilie  must  advaDoed  condition  of  djiibili'logv,  and  n.  .      ,  .    .'ii. 

lioner  uiiiy  r«fer  with  the  certainty  of  Bndiag  olaarly  and  ■uociacUy  ast  forth  «i>*t«icf  iaiU 
within  the  twopa  of  ituch  a  treatiM. 

We  hav«  lo  coDcriiinlate   oar  ooiiDtryrnna   opon  i  will  mure  than  rcnay  him  for  ih*  osilajr.— .ire^i^ 
the  iitiiy  »*ln»il'l<»  •ildUl'O  wlileh  they  li»»«  ninJe     •>/  M-'Uelur,  Kprii.  XH'f. 


Tl.« 


I. if  11 1  , 


jI  llio 

Mlilen 
•f   00 


lu  ADiorlciui  literature 

TMlne  of  the  r.iluuie. 

a«  u  •l«eUrlag    (hm 

veDHfei«l  dl*«jii«*is  to   f ;.       .  .      ^        -i  t,  we 

DilKht  nAi,  If  tl>ere  In  ^  bciilor  ^u  my  ijiiu?r  lonKua 

We  c»ODnt  DBin*  II :  there  are  earlnlojy  ok  t>i.i«l(«  la 

wtilrb  <lie  •(uileol  or  the  ^eneml    prNClillnner  ono 

Bad  onph  ita  eivellaDt  rtm-mi  nt  the  llteriiitire  of 

aiiy  tuple,  and  oacb  pracllei^l  •a;««a(t<i||ii  re||Ar<llDg 

the  lr>-<Lt>ii«at  of  ili<i  Tud-us  riinii>Ue4ii>>aii  nf  (Tery 

Toaett^jil    dlnemie      We  tales   ple«iinre  In    rnpextlug 

ttia    we  b"|iee«  thl*  lo  l>e  ihe  lient  Ireatieeoa  reoe- 

re*l  i1<-etii>e   to   |li«   Bfigll>h  langnnge,  and   we  e<io- 

icrattiliit*  the  mithorK  npoo  Ihalr  brlllUat  ailiillltm 

tg  Auiorleau  o.e.liittl  llleralurii  —t'hi,-,igu  Hvi  /tiur-  ,  •*■"  e<j>""n.  we 

nntiKt't  Si-tir/tinrr,  Febronry.  iHSO.  '"""•  '*"'"'  *"  '' 

It  I*,  wtihoat  exception,  the  most  T«luahle  ulngla 
VOfkoo  all  brKUcbtixirihe  nubjaet  ufwliteb  It  lientu 
la  nay  Uoxnaica.  The  palhnloKy  In  aodiKi,  the  work 
U,  at  Ibe  4«iDe  time,  lu  ilie  blgb««l  decree  pracilcnl, 
auit  thr  lilQla  tlim  lie  will  gft  from  It  for  ilie  mnn- 
•4l«iai>at  of  nay  oae  ea*e,  at  all  ubwurs  or  obatluale. 


ThU  now  elHuleal  wofV  --r 
10  lit  Id  It:"  f'-Hirih  •<!  li 
lUKierlally  liiipr(<r<d  In 
we  haJ  ervrir  reason   t' 
pari  of  hi*  work  wuli   u 
that  what  hjii  b'^MO  wri:' 
lUc  to  (ba  iiirrit*  i<r  tt.<-  .  ■ 
Utintu  CnurOr  of  Mfftivin', 

We  floj  tlal  wv  hivi,  V.pr,. 
-that  the  r: 
Ibat  U  lia- 
in<iil«»l  aun 
the  laxt.     A'tcr  . 


htltbfully  antt    coo-mpuiI'idi 
yiiiirn,  Mtd.  Set.,  3nu    I^SO. 


,  I" 

-m. 


ijr     1't.rfuiiuBl  — 


II  la  one  of  Ihe  bait  g» 
dl»e«>'eA  wit  Ik  whli'h  wp 
elallj'  t<i  be  ree'.'nimeudf  ' 
tif  •ypbilla.— iKiailon  fr  ■ 


rtULLERIRR  (A.),  and 

^        Surgeon  to  thr  UOpUal  du  Midi. 


jr   T 


nUMSTKAD  (FREE  At  AS  J.). 

-*-'  i>ro/wi«'>r  fif  Vr  llrrrn  I  />/<r,nn»<ut  (•  I  W  C 

Pttf/tiiHattK  nnil  Hiirgt 

AN  ATLAS  OF  VENEREAL  DISEASES.  Tianelnletl  ami  FAWvA  hy 

KncRHAirJ.  Bumhtbad.   In  one  lar^e  imperial  4to.  volume  of  !t28  pgg«s,  >louh)e  enlqaar, 
with  36  plate«,  contnining  about  150  Ggurel,  benutifully  colored,  many  of  rl  it*  of 

lifei '•trangly  hound  ia  eloth,  tl7  00  ;  .ilso.  lo  Ave  pa>tii.  itoot  wrnpfter*.  i  »rt 

Antioiputing  a  very  large  snie  for  thii  work,  it  is  offered  at  the  very  low  price 
Liaa  a  P^rt,  than  placing  it  within  the  reuch  of  all  who  are  inlereMted  in  tbi» 
praatioe.     Uentlemen  dejiiring  early  imprensiunii  of  the  plate.<  would  do  well  to  or 
delay.     A  'peeiraen  of  the  plates  and  text  aent  free  by  tuail,  un  receipt  of  35  ceaia. 

LBB-S     LBTTPRES    OX     SYPIIIL'S     AMD    SoMSdlLL    OS    SYPHILIS  AND    LOCAL   COSTAtSrOCli 
FOK)IS  (II*  LorAL  mSBASE  AKKBlTINr.  PRIN-  I      UI'^OROKKli     la  oaa  haadavn*  oatavo  valiaai 
CrPALLV  THE  OKOAiNS  OFGB.VKICATIO}).     la        elutb   *3  2S. 
oB«  handsome  octaeo  roloiiie;  eloib,  V- i*'-  ' 


'yrSST  (CHARLES).  M.  D., 

Ph}/*irinn  to  fhf.  Hnt%>itnlfnr  Htvk  ChUdrtn,  Londim,  *< . 

LECTURES  ON  THE  DLSEASES  OF  INFANCY  AND    CITTLr. 

HOOD.  Fifth  American  froio  the ."ixthrevitied and  enlarged  Bnglinh  edition,      tt: 
and  handsome  oetatro  volume  of  678  pnge«.    Cloth,  $4  SO  ,-  le:itber,  $&  60.  tLitf 

jot  TUS  BAMS  AUTHOR.    I  Lately  I*nt4a,) 

ON  SOME  DISORDERS  OPTHE  NERV0F8  SYSTEM  IN  CIIII.P^ 

HOOD;  beiBg  the  Lumtei.in  Leciureii  delivered    at  the  Royal  College  of  PLvr-iciaaj  of  ^ 
London,  in  fitarch,  18T1.     Id  one  volame  amall  12uo.,  gloth,  $1  00. 

»  r  TlIS  SA  VS  A  UTUOR. 

LECTURES  ON  THE  DISEASES  OF  WOMEN.    Thir<i  AmeHl 
from  the  IhWd  Ijondotx  «&\\.vuti.    lix  (k'«i««.««x  (>qVv«^  \«l<Mn.«  of  abtMti  &6ti  p«Kr«  ^ 
$5  7&;  lealbcT,  «ilb. 


HsNBT  C.  t»i^8  Sow  k  Co.*B  PuBtTOATioNB — (Dig.  of  Childrm,  <f r,).   91 


S!MITH  (J.  LE  WIS),  M.D., 

riiuifnl  Prttftuor  0/ DU*a»*»  offlMiar*n  In  (%«  9*<(mh<  Hiurpltnt  VM    OnOsff*.  F  T 

A  COMPLETE  PRACTICAL  TREATISE  ON  THE  DISEASES  OP 

CHILUKKN.    Pourth  Rditios.  reTixed  and  pnlnr^pd.     In  one  hi>nd»om»  i-ctnvu  ridiiin* 
of  >bou(  760  psgcB,  wUb  illuflratioD*.     Clolb,  94  M;  Ir»tb«r,  9^  60  i  t>"l(  SLumi»,  $0. 

The  v«ry  (uiirk«d  favor  wiih  which  thi«  work  hai  li«en  mcaived  w*  -  -  ''  ?  ^'  ■'•'•  t«ii- 
gui^gs  in  M|jiikBTi,  bHii  Ktiniolated  the  author,  in  tbr  prfiJnrBtiuri  of  th'  1  nr« 

no  pninn  In  the  endeavor  to  render  it  wortbj  in  evBry  i-«"]'eot  of  *  r    ■  .iml 

COn&dt^DCe.  Many  porliunii  of  the  volume  bnfe  been  rewriUrn.  iind  iuulIi  iivm  luMlirr  inlro- 
dured,  but  bjr  An  earned  effort  «t  condeo(»iiot),  the  «iie  of  the  work  but  not  been  maieriaDy 
Ibd  recited. 

la  (li«  period  wtiloh  hk*  «l*p**>l  »\tet  Ihe  tbird  b  tb  Aniitrlvaa  aod  rnrelifn,  eipeelallr  thu««tMiftil'( 
edlitna  of  thu  iroik.  10  txicD^iri- hii?«  Imu  DiK  ad-  nn  th>ir«|irQlki.  All<jiieib*r  the  t)0<>k  (■••  b*«n 
raiio^R  ibdt  whole  chupieirii  rt<|ukr»<i  t"  h«  rnwillt''0,  (rvalljr  ImproTed,  while  II  h»«  B»l  lie«n  greallT 
•  id  lufdljr  Ik  p»g»ei'Uii3  p»«»  wflh'MU  •'Mill*  iM»'"ii«l  <  i)«:rou«i«.l  |b  ulie.  —  JTfn*  Yurk  JltiHeal  Jv<ttnal^ 
eo'TDclluD  or  additloa.    Tlit«  Ubiir  bai  ■u'cupUd  IU<>    Juoe,  I>t7t. 

wrll«T  clo«ely,  »ad  he  be«  perform-d  U  «..n.cliio-  j  ThU  exuelUnt  work  \»  oo  well  keown  i)i»t  «■ 
lluaoly,  ^o  lb»t  the  book  iii»y  bi«  *.iB«l.lei»d  «  f«iih-  ]  „,„^^  »i)tl««  ei  ibl*  time  wonJd  be  •nprrfluoo*, 
fal  foilrellttre  or  aa  ««eeprl.,iu.ily  wide  elUlral  The  aulhor  h^H.'-m  •dTao»»g»  of  il.«  deiiinBd  fef 
expiTleuce  I0  InfkollledlMMen.  eorrwl«d  byacare-  4«„|i,„  p.^  edl  Ua  Iq  reTise  la  a  lu.wl  e4r«rDl 
f^l  ;ln'lv  'j;f  Ihe  reeeol  Hteralnre  "f_^t_|;»  aubieei.—  ,  maaurr  «h»  Mitlre  book  ;  >n.t  ())«  Dnm-ruij» 

lluu*  aod  addlliuui  erlaee  n   '    ■    - 
part  ti>  k-»|>  fully  nbroail  w 


Mid.  anil  Surg,  ktiiurtrr,  April  £,  lfl70. 

Ii  I*  eeareety  neeaatary  for  a*  to  any  the  work  be- 
fore ii*  la  a  alandard  work  up«a  dlaeaae*  orolilldrsD. 
aad  tlial  B<j  Work  hit*  a  higher  ataodlDg  Ihaall  ii(>oo 
Ittone  alTMotloDa.  la  eooaniaence  uf  lla  thorough  re> 
rialoa.  Ilia  work  ha*  l»-xn  laade  of  taorn  rxino  ih^n 
aeet,  aad  may   '  'la*  fully  i«<! 

lima*.     We  c  aiaud  It  tu    ' 

pbyilclant     1  '  iiy'r  workU  ^ 

ou  .)i»ea'#»  or  ciiiuif  u  — (.'<rtrt<»i»<»<i  .iini.  »a.u)», 
March.  IS7». 

■fha  author  h»-  »tI.1.'di!i  iUri>rnilDrd  thai  H  •halt 
not  ji'w  %ri>»i<  1..U  for 

W«ti(   or  lh«   i  I    'riabi 

deparim«al  "i  viy 


that  la  liKlnai  iiiado  Id  tho  kii 
of  ehtUliea  *  dtaeaxe      By  u 
what  elonfir  type,  an  laore*~ 
pifra    hao    bmn    BeceaalUU"! 

ii>Juced.— i>o»4t<(i  i«"i 

-:n, 

I  i  1  »  no  rtlb*r  work  *¥>t 

O'jualr}   upoo  a  uie<llral  aahi' 
halRhl  uf  popnUrkly  aa  bai- 
tla*.      A*  a  lexl    and    i.<'f  1.  i. 
beutly  the  aathorlly  II' 
•  (Kiiiia  tloaarrml  ly  hit' 
priff-iaRtoo  Ihuaaey 


bt* 

i.'Ui 

,i.iy 

p,iMli.)>»<l  In  Ihta 

.    ..iih  a 


enrporarad  lu  the  pre^val   Vili|i>>a  liiv  U'citil  and  |  jael. — A'a«AMi<*  /aura.  i</ JfaU.  und  £a7^.,  Hafi 
praelteal  reinltaor  ihe  laleal  alndy  aad  eapeikeuee,  '  ISTt. 

^WAYNE  (JOi>EPB  ORIFFrrHS)7An>'., 

PhuHeinn-Aernnrhmrlnlhf  BrtlUS  firnfrnl  Riuijillfil,  A«, 

OBSTETRIC  APIIOHlSxVlS  FOR  THE  USE  OF  STUDEXTS  COM- 

MENCINQ  MIDWIFERY  PRACTICE.    Second  Awerieun.  from  the  Fifth  and  Beriaed 
London  EdllioD   with  AddUion;  by  K.  R.  llitTciiiKS,  M.D.  With  I)lusir»ti«n«    In  on* 
neHi  12ino    v^olnme      Clolb.  $1  7!>      (  Lair/v  hniifti.) 
*•*  See  p.  3  of  tbi»Ciaulogiie  fur  the  termr  un  which  thlji  work  ie  offered  Aa  «  premlun^to 
•  ab^cribera  to  the  Amkricah  JovHirAi.  ow  tbi  Mnpical  SciBxcje*. 

(jHr  L.riiiii     ,,v   rnc  NnK|ipjjRAi,p|5V8K  A«I>  I  MBI08  ONTHB   :i  ATPRE.  HIQNS.   AKP  TRKAT- 

MENT  OV  rHlI.DBKD  riVllIt  t  vol.  tirv  ,  VP. 
M'..  clnlh  «3  <iO. 
ASHWELLb  fKACTU:*I.TttRATIt-Kt>J(THt  niB- 
EAhK^PErULlAR  TO  Wi»IKN  Third  Anierlcaa. 
from  thrTblrd  nairntUnX  LonduaadUioa.  I  *0l. 
flro.,  pp  A^,  cloth.    |a  60. 


UAKTOWOMEH.  iTel. 

•«. 
PL.,  r.r,^  -,  Kvo,,,.-!.  .,:.  THB  DISBAGG6  0F  PB- 
HAl.K!;.    Wllb  lllDoiration*.     Klereath  Bdltloa 
with  IheAothor't  laalliu|iroreiosa(aaod  oorrec- 
lloD*      la  on*  of^taTo  voIobm  oI  &M  pagee,  with 
plalaa,  cloth.    |LI  MX 


n 


C' 


ODOE  {HUGH  L.),  M.D., 

Swuiritufi  Pm/*iiHor<i/nhiitHrXf*,te.,tHtk*  UntturtUy  0/ Ptniuifhonia . 

ON  DISEASES  PECULIAR  TO  WOMEN  Jmlutling  Disj  irioein*-! 

oftheUteru*  With  (original  illuitr»l1ona  Second  edition,  rrtiaed  and  eul-rged.  la 
on*  beaatLfully  printed  octavo  volume  of  &!(1  pafeg,  cloth,  $4  &I). 

^HURCHJLL  {.FLEETWOOD],  M  D..  MR.IA. 
ON  THE  THEORY  AND  PRACTICE  OF  xMIDWIFERY.    A  new 

Americanfrom  the  fourth  revised  And  enlarged  London  edition.  With  nol^f  aadkddiUoca 
by  D.  Fkahcib  OoNnia.  M  D.,  •athor  of  »  Pr»ctie«l  Treatiee  on  the  Diaeueiof  Chll' 
dren,  Ae.  With  one  hundred  and  nloety-foar  illuirtrationa.  In  one  very  handaonie  •elkvo 
Tolame  of  nearly  700  large  pagei.    Ciolh,  $4  00  ;  loAther,  t&  00 


UOinoi>«<"^:^  ^vr>..^■T,.^s  or  THB  BJ0II8  I  RISBT'S  SYSTEM  or  MIOWIPBBT.  Wlih  aorae 
ANLi    ~  A.VCT.     WUb  two        aad  Addltlaaal  lllaatratloas      Kaeoad  Amartcaa 

ax<tal  .Liuerona  wildcat*        adttloa       One  volame  setaee,  eloib,  Hi   pa«ee, 

'a   I   ar.!     -.CO      ...  r...riT'.>-"  n|.    .cl.ilh.M  TA.  |         H  AO 

CO«lt>|g'8  FRACTICAL  TRBaTIH-B  ON  THE  Dtg- i  SMITH'S  PRAtrriCAL  TRBaTINK  UK  THB  WA8T- 
BA8B8  or  CHILUKBK.  !>tsib  f-duioe.  reetaed  IK'i  n:sr  ASF.S  OF  INrA.\r:Y  AXP  <'ll<  I.DIifOD. 
aad  aaemeatad      la  oae  large  naiavo  enlnne  of  |      ftr.  ■  >  •■,  troiu  lh»  aeroii.)   r*ei>*4  aad 

■early  wo  eiiiaaiy  priaied   pagea,  eloth,  $A  36  ;  I     er.  -ii  «diiioe.    In  oat  Iiab4»'«ak««>«.>^ 


jMtber   teSA. 


vo 


Wi^lW, 


»trfttt0AtI0!l8— (Blir.  0> 


fTBOMAS  {T.OAILLARD),M.D., 

•'■  Prnftttor '»/  Ob4it'<rfe/t,  *c, .  in  Iht  ColUgt  nf  Phj/iHeianJi  and  Surgmtu,  K.  Jl,  Ar. 

A  PRACTICAL  TflEATISE  ON  THE  DISEASES  OPWOMEN. 

eriiti^^n,  thnrnupbljr  rcviaed  nnd  rf^«rritt«u.  In  onf  lurjs*  nnH  hiiiid»>>iiir  bctaro  roltimvl 
dT  nvfr  800  pncM,  wilh  'iM  iiluxtratinni.  Cloth,  $6;  Iftftther,  $( ;  r%ty  h»ii4»nm«  hiff 
Kusviri,  rnifed  band»,  H'l  40.      iJiot  Reofty.) 

The  niithor  him  taken  «'lTiinti»)j*  of  fhf  oyvportunity  nfr(ir<1*d  tir  i)ir  full  for  i  --■ >i«:--  -,f  ^ 

tbb  wiirk  t.o  r»ri)fi-  it  worihv  a  rnntinunocr  nT  Iho  very  reninrknhle  f»vnr  w 

been   received.      Every  |>i>rtii)n   of  the  work  hns   been  careftilly   revl«cd,  rery  ■ 

been  rewritten,  nn'i  additions  »njl  nllenition*  intfidncnl  wherever  the  ftHvitnc*-  "I  fiM^iiM 

the  !ncre:i«ed  experience  of  Ibe  nulhnr  hiive  »bnwn  Ihem  dekirntle.     At  tli«  (nine  time  i 

enre  hii!<  been  exercised  to  avoid  undue  inoreii.-'p  in  the  pirn  yf  the  vrtlmiie.     T' 

the  ntimernni'  itddiliDhn  a  more  onndi-n^ed  but  vryoleur  letter  bae  been  u»ed.  i 

which,  the  numlier  iif  pnpQii  hns  been  increajied  by  mt.ire  thnn  my.     The  »erie< 

hiu  b«en  vxtonfivoly  changed  ;  many  which  •earned  to  be  tap^rflaont  hare  bean  •Muiii^l.  sndt 

Inrge  nainber  dF  new  and  superior  drawings  hiive  been  inserted.     In  iti  imprureJ  form,  tlker< 

fore,  il  18  b»ped   ihiit  the  votuuie  will  maintnln  the  ehar«ct«r  it  iiAJ  acquired  uf  a  at*nd*n 

authority  un  every  det^iil  of  it;  impurtunt  subject, 

Ad  exumluitloo  of  the  work  will  •mlafy  lli»t  U  !■ 
ODe  uf  gr><*l  inerll.  It  tn  not  r  mere  eompllntlua 
from  oilier  work*,  lint  U  the  frntt  of  the  ripe 
fbuught,  •nnod  juiifinieDl.  •tid  erl|lp»l  ohdnrTuMoB* 
nf  a  leirqv<l,  Kclentidc  mitn  Ft  In  K  lre*<ury  uf 
kaowleilge  of  the  depKrlnieot  of  medlotne  to  which 
It  U  <lev>.>(ed  lo  U«  pr»«ent  tptI«"iI  '''•■■  ■•  ^t- 
Inlnly  hoM^*  forrmo^t  ponllloa  ki^  ••  •! 

wo  k,  ftoci  will  cnuHnne  to  be  regHr  : 
Oitrd  aalburlly — 0(>te)i«i«'>((  J/erf.  A'-i^ ',  .•■  -    . -  ■<i. 

TliU  work  need)  bo  IdTmiIuciIiiii  to  &ay  of  the 
Elvlllfed  nalloD*  of  the  worM.  The  edl'luu  before 
anaddata  the  itreogli  of  former  volani<»».  Willi 
the  wUdum  of  *  mmiiar  leAcher  he  hern  given  (he 
re«tilt>  ihHt,  Id  h(<  jadiim^a',  are  mo^t  lriii>iw(irihy 
Bl  <li«  pre--enl  llm*.  In  Un  owq  place  ii  ba*  no 
rival.  becKiiiie  llie  aoihur  U  the  beat  teacher  no  Ihl* 
riiKjeot  1"  ilie  mHHitea  >>f  the  profo'^iiloo  A*  hitherto 
(liU  wnrk  will  be  th»  lejcl-Dook  on  Jl«ea«eii  of  trn. 
mea  Wo  only  wlnh  that  In  other  braoche*  of  niedl- 
cloe  a*  c«pnl>l«  le*cber"  could  1>«  fnnod  to  write  onr 
lext-hix-ka.— /Ifi/rvtr   l.iinrrt,  Jan   JSSl. 

SiucA  lt»  Br^t  xppearaore,  twelve  year*  >g«,  aiilll 
llie  pre'eiil  dav,  ti  ha*  h«bl  a  pixflilon  of  hi«b  r«* 
gard.  and  U  generally  coueeded  lo  be  one  of  the 
tunai  prai'tlcal  and  tnialworthy  voliimea  ye'  pre- 
a«iti«d  to  ibe  phyalrtas  aud  •ludenl  In  the  4>'parl< 
uiRUt  ofgjrnaeology     The  woik  ombodlea  aot  ualjr 


jr<,' 


li»  ant'i"-''  '■■'-'■  ""."'i' '   '    >>"> 

fnl  aliid  ' 

both  at 

aod   eoiisi,-,, 

hl«  ine^iDiiig  in 
'  maoner.    The  I 
•  blx  reo.  wl  h  . —v  .j.,u  ■  :,  ■ 
'  ovei  former  edl>  lima.     Hi«i 

ar«ep!ed  tecla.ntid  a<  a  foi  > 
.  a*efnl  aod  reliable  ■ban  ai'>  -'-.k 
'  UK  dienaaea  »r  «r.Mnrn.     Thi*   la->i  •4it|'«a 
I  new   latireU   lo    i)Mi«e  already    won,  —  . 
I  Jovrn.,  Nov.  I  ft.  ISM 
I       [t  ba«  been  entar^rd  aadcarefolly  revlae^.    Thi 

anllior  ha»  hroiir'''  1t  fntTy  *^r*««t  wtth  rV...  tlm* 

and  a»  the  wav.  .  • 

been  wlde«pre  i 

thai  )m.c..  ..Iaj. 

OU" 

tl.M 

ey.-' 

•rraui:iMii>'ul,  Oi'-  iij.>  ii.t|_» 
aal>|oo|    |«  treated,  and   the 
rlv>'d  ffiim  pr"biMT  il.c  I    : 
tn  th»(  »peelah  t- 
oommrnd  It  la 
—Sfttfl villi-  /or,, 


f>ARNE,'i  (ROBERT),  iff).,  F.R.C.F., 

■*-'  Obtlrlrii'  PhyiiitH'in  (n  St.  Tl'-mnj,'/,  H'^pUol.  *e 

A  CLINICAL  EXPOSITION  OF  THE  MEDICAL  AND  SFl 

CAL  DISEASES  OF  WOMEN.   Second  Amerionn,  froin  the  Second  Enlarged  nnd 
English  Editirto.     In  one  btndfioine  oxtnvn  »nJnme.  of  7S4  pni^ei,  wilh  l$l  iltiutraC 
Cl(}th,  S4  60;  leather,  $b  SO;  hiilf  Ru«eia,  |(I.      {Just  lisusd.) 

Dr   Baroea  diand*  nl  the  bend  of  hU  profeaiion  In   the  work  la  a  valnable  one,  and  aboalil  b«  !■ 
the  old  cooDlry.  aad  It  re<]alrea  bat  >caal  nvrallny    oD'alted  bv  the  profevuloa.— Jna.  ^••jfp 
of  hla  hook  lo  (.huw  that  It  baa  been  akelched  by  a  i  J'oMrn.  Ot.  Brifain  and  Inlantl.  Oct.  1S78. 
idaaler.    It  l»plH(B.practl«»l  coiohion  Mu-e;  »bowa  I      No  other  fyo»colo«leal  w        •■  "        Mgbar  »«a> 
Tery  daep  re«n«rcii  wlihuot  beiog  pedantic;  l»  eiai-    n^^    h»vl»«   become   aa   »  rywh.ra  it 

Dentlyealcul'.i^d  to  In.plre  enlhuMK»m  wlthonltn- '  a,,„i^^  o,  woreeo.    Tli»  »  s   (>r»«abt 

ealcatiug  m»hue»>:  point*  out  tb«  danirere  to  be    fniiy  ahroaat  of 
•rvid>-d  ae  well  aa  the  rucceea  to  he  a«hler«d  lu  the    ||„oer  of  medb 
varlona  npertitloon  enoBected  wtib  thi»  tiranch  of   of  hU  llbrarv,  < 
niedlflue;  nnd  will  do  mocb  to  iimooth  ih*  rncged    |g)jt.i,.,,,)(       -■ 
pmh  of  ibe  yoaoi;  gTaa."eoI  i){i»i  aod  reli-vc  the  per- 
plnxtiy  of  llie   man    of  inatura  yeara.  —  Oanudlttt        Tola  •<- 
Jdtirn.  uf  Uiui  SotefM!*,  Nov.  1S7S.  Ilia  t-m. 

We  pity  the  doctor  who,  having  any  cottelder-  al' 
sble  practice  io  dlrenre^  of  womeo,  baa  nn  copy  of  i  b« 
"  ttaroe*"  for  .Jallv  oou».iilta<loa  ami  ia-irnclioe.  It  ft.' 
It  al  uoea  a  b.>ok  of  great  learolos,  te^flareb,  and  |  W' 
iDdlrliltiul  experidorn,  aod  at  the  •Ame  time  einl- |  oor 
henlly  practical.  That  II  baa  been  npprfclaied  by  er«  — 
the    profeailuo,  \iolh   In    Oreal    Britain    aoil  In  (blr    197S. 

coontry,  ta  <bawo  by  tbi  aeeoDd  edtlinn  followlag  I      fbla  aaeoed   adliton   ■^'  '<-    " '-   

•o  eooB  apon  (ha  tnk.—Am.  Fraetiliontr,  »<»».  I  eomea  to  nkc^atatnlo. 
"'^  nenr*  which  brim  *' 

Dr.  Barnea'a  work  ' .r  -.'  :>  practical  cbamcler,  |  The  excel leacea  of  tb*  i»..f . 

largely  llldnlritted  litr  own  eSpHrleore,    require  eottnemtlon,  and   v 

bm  by  DO  meanaC''  i,  aa  will  be  learurd    thai  Itaey  will  for  rnauy  ye. < 

from  the  fact  that  ut^  (loir*  irom  oo  ln>a  than  63S    allloa  aa  a  •landard  texl-botii.  nua  <^i.i« 

medical  antbore  In  QUiQeroa*  coaatrlea.     romlnit   atadama  aod  pra«tUIOB«r»,  —  A;   O.   Jl«4 

from  auoh  an  aathot.U  U  it«(,  niKMahxi  vo a^i  v^ax  .Oct.  1678. 


/uura,  o/  JltrstjUi  and  M'utut 


Co.'s  PtmiifCATTOtfB— ( Di*.  of  Womtm). 


E- 


\MMET  [THOMAS  ADDIS).  M.P., 

Surfftun  to  iKr  ^C>^mnt^^f  UiiirpUal,  Xnt  Tnrk,  »to 

THE  PHINCJPLESAND  PTIACTICE  OF  fiTy.ECOLOOY,  for  the 

ana  of  8ta<)riiti  knd  Prsotltionerg  of  Medtclnn.  Second  Edition.  Thomuifly  RevlMd. 
In  on«  InrK*  and  v«>r!r  bandnninv  octnvo  volutu*  uf  6'b  fugf*.  with  \X'J  fllatlrtttionii 
Oktb,  ti;   IcAtber,  $4;  balf  liii»«ia,  minxl  bittidt,  $<l  (0.      (Jmt  R<*niy) 

fnuTAc*  TO  TSB  SBco<iit  EnuiOB. 
Tht  nnnioaliy  raiiid  •zhanition  of  •  lnr|r<>  rdition  of  thii  work,  whiU  flailarinir  to  lh«  kuMtAr 

U  ut  r^    '•        -'-t;     'V      J   have   pru''  •   '  •    '  '.     '  I         '  •    •    ^1  hli 

hfford^'i  i   n      Kvery  p.  moi 

of  bis  retjawvre  tiuve  bean  euiofaMy  Wri)((tV'l  ,  <tr/«l  wliI*  f(i'  luaikrd  tKurriur  haa  l<r<a  iuu>ir  in 
tbe  *\tt  of  iht  volnine,  nerernl  portiiinn  bjire  l-veii  rewritlt>n,  ntid  rwn><h  paw  mnUvr  hn»  be«n 
^dJed.      In  ihU  uiiliut«  und  llioruuKb  rrvi*1oD,  tbr  \ubnr  itivnh'  '   ti  f^renlar  tban 

Ir  \irtha\t  ttp|H>r<?ut  in  the  r».<iyltii,  but  ii  bw  bi"»n  f  h'lrfutiy  e\  -  of  remlerlng 

the  work  mors  wottby  nf  the  fuvor  which  hiti  hren  ncitorrlnl  lu  '  ,  '   n. 

lo  nn  enaafry  of  lb*  Wnfld  baa  (yBMrnlAxy  ri>- 1  Bal«itr.<lfM»r«iidi*tf  bat  prafoatd  ■tu'ljr-    It*  raloc 

with  a  f>'«lltiiE '-r  pleitiinri*  thm  w«  wo'r  ._..,.,...  tis-abjefll 

OB  illi««<»>  i>r  WituiKD  from  ao  ainlupb' 

gUl  ••  Dr.  Siiimct,  and  Ibe  Wi«tk  l«  Aakv 

eal,  «o<i  l<tiir«>a  Kiriidf  linpii>>;<  of  ibr  mni 

dUtitaiillrjr.     To  crtllou*,  witb  th«  o«i«  li 

lh»  Hnok  rhrongliiiiit,  ••'Olil  Homind  fur  inii 

thao  la  i>t  our  C'>miBaa<i .  .    wa  <:in   •■>> 

thai  ttia  wnik  Urm*  villi  '-•.  rra«b  aii>l 

•  almtlilr  m"'l!"'!>  >'f  fr--"  i-rl'rxo  la  a 

el.  "         -  '  •  rapa- 

!'.  vr»a- 

d.       ,  --«). 

No   gyncooloKtcai    Ireatlaa     baa    appearad    wbli-h 
COn'aloa   an  ikiiikI  amniiat  of  "rl^lOKl    anil    ii««tnl 

maiUf ;  o..r  ■'•■•-  '*■'  ■■■-' i-.r,K-.,  „i  i  , 

of  Aro«rlcn  In 
Tb«  labiilar 

<oulalai  I*  nta   ■  -  I  '.(.'.  ...,,'■,. ,,  r-  ■  ■,^^., 

C»<7,  anil  eaanol  l>e  oilivrwiae  tliaa  loTai(iahli>  ■•> 
fator*  laTaatigatori,    It  la  a  woik  wLloii  lUuianU^ 


^^H 


lu    Hal  (1 
lla  pige« 


-SO 

'« lit  pa1>- 
'fltl :  and 
ix  a  Work 
x,  >  T  •  !>•  a 


Wurk  lu  i  •■'>•- 

auliaii  bj   '  "lO- 

fa»-loii  — /,  iSaO, 

Ta«  charaetvr   nt  th«  work  l>  loo  w«ll   konWa  fo 
rm|nlr*  exUiolKil    iiiitlfrt— .nSl.o  U  in  aay  thiu   no 

ran-f.1    -•...L -    ...!».*.,    1...    ^.... 

»r..:,' 
rat. 


aXpwrianca  aod 
I'bjrilclaa  wh.i 
f  auL'4»  iif  Ikia  J.- 


n«h 
ral 
u  It 
r«J 
Xo 
ad- 

J  to 


|j«  wliliiini   H.  —  X>>l>xiU*  Jattm.  h/  MtdKia*  and 
I  SHrgtry,  Ma/,  )»-aO. 

ncSCAN  {J.  MATTnF:\VS)'M  dZllI).,  F.RS.E.,et<: 

CLINICAL    LECTURKS    ON    THE    DISEASES   OF   WOMEN, 

Dr'ivrrrd  in  Sniol  Bartbtiliipicw'g  Iluc|i(Ui.     1d  one  fvr;  oaat  uctMVo  voluioe  of  IIS 
page*.     Clotb,  $1  60,      (Juk  Ii*uJf/.) 

Tha  aalbor  la  a  ramarkaMf  cUar  laftBtar,  aad 

•  TtntMoni 


Tbajr  ara  la  a»«ry  wajr  worthy  of  (biitr  atlllior  : 

|l)ili*(i(4   wa  If»v*it  np»»n  tliMn  ti  •  *imnn(t  the  tnon  r»tn 

,|,  -   •  TV     .  .        ■■       , 


hi-    rtt-rnttl" 


•  ad 


trrstin»til  1»  ftill 

u<.t 

>>all 


of  Ibani 
traataii 

air 


Mart^U,  I  SMI 


■  ■i|>lr« 

-  wnrk. 


W«    haTa    raad   l^l*   ^ook    wllb  a  craat  daal  of 


It  i-  tiill  'jJ  »:'".!  til  III 


TI. 


|ulda- 


>la  00 

•Ok 

A 

'  laar 

jL      U-u-»J    •■f 

ralaa   aud  va- 

>'.  f  raapaoi  a  aate 

•  Tht  luiUuu.  i.uucLl,  Jas.  21,  ItbO. 


R 


A  MSB  0  THA  M  {FRA  XCIS  H).  M.D. 

THE  PRINCIPLES  AND  PRACTICE   OF  OBSTETRIC  MEPI- 

OIXE  AND  SUnaERY                    ■i.tothfP.  •                               «  and  ri»large<l 

•dilion,  thoroughly  re>                          iiithnr.     I'.  i  \tij«*,  M    D,, 

Profe»n»r 'if  ni,h.i,.(ri,-y                     :.-ii  r...!i  ^T  lnoT««lr« 

■  Dd  bill  i>T,  witb  raiwd 

Vaada                                                         .  I ,  oontaitiiBf  In 
all  nearly  20ii  Inr^c  and  beautiful  flcur<-a      S7  U<J 


A  COMPLETE  TREATl^lv  OV  THK  IMTUO?  r»OV  AND  TREAT- 
MENT OP  CIIILDBRD.  for  ..\,  with  th#  Duaaant 
of  tbp  author,  frnm  th«  8ec<'i  i  i  •  UADWlca,  M  D,  1b 
one  uutavo  rulaiae.     Clotb,  tt  UU.     {LmiUti^  • 


q^ASSER  [TROMAS  H.),  MD. 

ON  THE  SIONS  AND  niSKASES  OP  PREGNANCY.   Fimt  Amfrican 

from  tbe  Senond  aod  Rolar^ed  En([li«b  Edition       With  four  polorad  platrt  and  Ittnitl^ 
Uont  on  wood.    In  one  bandioiBs  oolaru  rolumt  of  about  dOV  paf  ei,  olotb,  %<  t&. 


ITesaY  0.  Lxa'8  Son  &  Oo.'s  VviiuoAT\osa^{MidvDi/eiy). 


n 


TEISHMAS  (  WILLIAM),  M.D., 
A  SYSTEM  OF  MIDWIFERY,  INCLUDIXO  THE  DISEASES  OF 

PREGNANCY  AND  THE  PUERPERAL  STATK.    Tbi    '  '  ,  ,d  by 

the   Author,  with  ndditioof  by   Joum   8.  Pabbt,  U.D,,  '  'pbik 

JioRpilHl.  4c.     In  one  large  unci  very  hnndnoiue  ectavo  a  ,  nirr 

two  hundred  illuelratlong.    Clolh,  |4  60;  leather,  Si  60  ;  hull  Uumia,  fcO.    \jm*i  Kfadf.^i 

F«w  woTk»  go  ibU  fohjetl  limTemol  Willi*,  ureal  I     The  book  1«  gfMllyimi.n.fcit    anfl  *•  <•lr^  vtUI 
t<)«lDan<l  nil  thl«  flse  (tpprarp  to   t>i«f«,     Tojuitg*     w»|cum»<l  bv  Ibo>>»  wl 
by  Ibn  tc<■•^u«Dey  wlib  wbleb  11*  nalbur'*  rl»w»  arc  i  n,„  raplil  adraneea  <-. 
in<it«d,  Hud  iu  ■iiaii'inenin  Tulrrrti)  lo  1b  uhmalrical    ilady  uf  obateirloi. ^ 


llit<raiurc,  ua«  4ruuM  jaiigr  itmi  Ikxre  art  ft>w  phjr- 
*Ii<Uds  Oi!T>tlug  tDUcb  ailaitluD  to  obrlalrlr*  wbo 
arr  wtlhoul  It.  Tb<i  aalhor  la  aTldvolljr  a  trntu  ot 
rlpci  «x|>rrlpae«  and  cnm-orTatlv*  ri*w>,  and  In  do 
braacb  of  inrxlichi*  iiro  tbi'ne  iiiura  Ttloablv  ibaa  In 
tbiii.— A'K'  llimir'Hni,  Jnu    lb-0. 

We  gUdijr  w>>lrom«  th»  dd  w  <>dUl>}a  of  Ihia  *Xfl«l- 
leot  t«Ki  hurt*  of  midwifery.  The  former  «dilli>u* 
liMV*  benu  iiiOKt  larxmlily  received  by  I  he  prnlee- 
>loa  on  both  aide*  of  ibe  Ailaulle  Iu  kbe  prapuia- 
iKiDuf  «h«  pre»«ul«<II(loD  (lie  tot  bur  ba>  iituda  (uch 
*ltorat|i<a«  aa  tb«  pTc<gre»  <j1  obaleirtcti  sotenoe 
aeeina  to  reqntre,  aad  we  caoDol  hot  adniira  the 
ahlMly  wllb  which  (he  laak  ba»  been  perlurmed 
Wr  eoaalder  11  aa  ■dnilrable  lexl-bwlt  for  ntadeati 
darlug  Iheir  atiead.tDt:c  opnu  l*«iDr«a,  and  hare 
(Treat  |>lea«are  In  r«ci<ninieadlDg  It.  Aa  aBexpooeDi 
.'fib*  midwifery  of  lb*  preaeot  day  II  b»«  no  aape- 
rlur  la: bo  Kegliah  UDgaage,— CVlHA<f«i:<ail««/,  Jan. 

Til  Ibe  AmerieaD  ■laiiaBl  Iba  work  before  a*  niDal 
prore  adnilrahly  ad«|>ted,  coniiilele  li)  all  11*  puna, 
•••eotially  uiitdira  In  Ita  learlitvgK  and  wl|)i  deni 
(•n-traiiuua  acKcd  fur  cleanie^a  aud  iireclnioo.  It  wiM 
((kIo  IB  faror  and  lie  reriignli'd  a«  a  work  ai  atand 
•  rd  ninrll  The  wurk  caouul  fall  tn  be  p»palar,  and 
loeordlally  recoiuiuandad.  — A.  O.  Mad.  VH^t  Surg 
J.ittrH  ,  March,  IbM. 

L«labiaaa  a  la  cerlalaly  one  uf  (beb*«l  *y«l«fnttlc 
w<iTk>  Oil  tiililwliery  It  l>  rcry  romplatr  lo  al)  ibe 
p»rla  ea-<<uilal  for  rath  A  ir»»ll-e  Tu  piArttlliideir 
and  aiaJauta  It  IB  to  b«  atiunaily  reeouiiDeuded  a*  a 
tafe  and  retlalil*  (uM*  lo  llle  ntiiderci  praeil««  nt 
Uilda linry. —Uanruia  XtU,  uk<I  Surff.  /ournnl, 
March,  I^S1. 


Nij»    V7,  Jt>76 

Tbt*  work  la  a  Ihoroagbly  food  Ok*,  tnl  1*  Walt' 
adapted  Ic  (he  rn.i  nl  r-iiirnlM  ..f  tli 
rlrUn       It  U  >  •' 
•iKned  for  the 

alodlod   by  Ibe  >  _      . 

appt^lst  biru  II  U  of  cous<aia*i 
t«u,  nod  einioeotly  practical.  A> 
coBiiieud  It  looar  raadari  —Sl^L' 
J»B.  U8^. 

W«nr«  ({lad  ta  esll  th«ali»nM'>a  nf  «mr  fWK4en 
Ibia    Dew   wdltlOB    uf    It    •        i 
work,  which  baa  .ilr" 
eral  fiiTur  buth  In  ibi 
noticing  Ibl*  Ibird  edi'    "n   «^«    u 
teatloD  lo  llie  diDerenee*  belwae..  |< 

eeanor.     Al:ta-<a<b   u.krefDlly   re> 
with  Bill  a  few  addltluB*  Iu  Tarl»a>  i':.>cea    m* 
eulkraanieol  atn-tilnit  aaly  (a  a  few  pa^ »a.  —  (7i4a> 
y»<*  JIf'rf  Jomn  ,  Jan    ISM 

Lelxbroan'aU  rertalnlyor 
worki  oil  reldwlfeiy.  III.. 
paria  ciai*eotlal  fur  aaob  a  t  r. 

and  •codeDtk  It  t«  lo  be  »i  ■  -^  *» 

i  anfe  aod  relliihle  gnlde  t*-  ::c«  of 

midwifery.  —  Canntin   i/*'t  i       .  '^rmat, 

March.  lliSO. 

tl  baa  t.eaa  wall  and  earerallT  wrHl«B,     Tti««1a«« 

of  the  an'     -     '  ■  ' '     .  ■    ■  >     -    .       -  ■•  •     ■ 

well  bal  > 
aerrenn    ; 

lilt    of    Ihii     lIl'ilW  I.IIUI     on.,  i-»,     ,,|      |,r^j 

•cieuce     Take  the  Tolam*"  lUbaafev 

equiln. — ifii.  Stfi.  JvorH..  i 
Dr    LeIabiuHn  la  loo  well  I: 
Bill  ualv  that  hot  t<i  the  >' 


I'lilil^a  hnnk  of  well-etlabllahed   rHpiitatlnn.lxilb 
lo   Evgland   and  Anierlca.     The  piei'eui  eOlllun  fata 

b."i,  r.  vi-...t  wtib  care  by  the  dlailngulabedaothiir,  enter  Ibe  profea.loti.  lo  ••-' 

n  ■  «i|li  aneb  Kd>Jii|i'D»  iidJ  emeodjtioo'  bla  w. irk.  we  need  but  a»y  limt   li  li   a  a  »u>l.4rl, 

THore-.  la  ob«te(rtcal  «cletica  detuaod.  •'Hiod  ««d  practical.— S(.  Xi'ntte  Oturlrr  <^  MvA-t 

I   ■    .      ■'    '     in<t  Surff.J„urn.,»»ty,im>.  Jan.  !*«). 


*ARRr  (JOHN  S..).  M  D., 

O'lAtrlrMan  li,lhe  PhUattflpMa  Hutpttat,  Vm<t-Pr*»t  n/tht  ObalM  S^eiriy  nj  VMiaA-X^kim.. 

EXTRA-UTERINE    PREOXANCY:    ITS  CLINICAL  HISTORY, 

DlAiiNOSIS,   PHOONOSIS.  AND   TREATMENT.    In  on*  baodfoiu* oeUvo  rolvat. 
Cloth.  $2  60.     [LaU/y  htued.) 


TJODGR  [HUGH  L.),  M.D., 
TJIE  PUINCII'LES  AND  PRACTICE  OF  OBSTETRIC.'^       T 

troted  with  Urge  lithogrkphic  plat«J  ootitftining  one  hiiudred  And  flfty -n 
original  pbotogruphu,  mad  with  Dumprott»wood-eul».    Id  ooe  large  k.od  b«r 
quarto  volam«  of  6&0  doable-coluntoed  pagei,  strongly  bound  in  oloth,  tli. 

Tba  wi.rk  of  Dr.  Hodga  it  aoiaaibtBg   luora  ihkB  |  o-'dy  iDa  .lajle  ».>lam»tbe  wbol»»el»«re«t4  irf  t 
•  almplo  praaaDtatloB  of  bUparllcalar  Tiewa  In  the  I  Ob»telrlca-     4o -^^   <        ... 
da  lartmeol   of  Obaietrlca;    11   l»   -uiuelbUg  nuire  I  cof*'*  *'>° '•■' ' 
tb4B  «D  .rdlBarylreatla«OBmldwitery;ll  U.ln  fact.    f«<t   or  Pflof'I   • 
a  cyclopedia  of  midwifery     He  baa  aimed  tg  em    I —^"'    *«'«    r«m.*,  ,«ri   ■•.  i-i'^ 

«  •«  Sp*ciin«n«  of  the  p1»t«8  mnd  l«tter-pr«»i  will  be  forwudvd  to  U17  «ddr«M,  fr««  b^  mhl 
on  r«e«ipt  of  giz  centf  Id  poitage  •  tBmp<. 


/JHADWICK  (JAMES  /?.),  A.M..  M.D. 

A  MANUAL  OF  TMK   DISE  \SES  PECULIAR  TO  WOMEN. 
Doat  volume,  rojral  ISioo.,  with  illiutrttlione.    {Pr»pafiHg.) 


In 


00*  I 


Hbmry  C.  Lba'b  Son  k  Co/a  Publioatiohs — (Midwifery^  Surgery).    S6 


PLA  TFAIR  (  W.  S.),  M.D.,  F.R.C.P.. 
Prn/f  tfir  of  <>tttirtrtr  ytuiJcinr  in  KItg'*  Oolhfff.Me,  *tt. 

ATKKATISBON  TOK  SOIKNCii  AND  MIACTIPE  OFMinW[FKRV. 

Third  American  edition,  reviled  hy  the  author.     Edited,  with  addition!,  bj  Budkmt  P. 
Barrik,  M  D.    In  onr  bitndiKimr  <>rt«ro  volume  of  nbnnt  TOO  pAgeit,  wUh   uearljr   3C9 
llluctralio&a.     Clolb,  |4  ;  lestlirr.  $5  ;  b«lf  Rasgiit,  $6  Afl.     iJutI  BatAy  ) 
EXTKACT  rnoH  Tum  autbor's  msrAca. 
The  leoond  Anerioan  editivn  of  my  work  nn  Midwiferr  brin^  ezhaimted  belbra  the  eorr*-' 
•ponding  English  edition,  I  cannot  briter    '    ^  ■  i  ■.!•  lilnJ  rec«i ''  '     jk 

ha*  received  in   the   United  St«tr»  ibfin   1  i  «  r»i}uf»i  '  'd 

myielf  undertalte  the   isRiie  of  o  third   %<\\  w  n  ^mr  bn' >  .•-e' 

Iba  «cvtind  edition  wm  leaned,  there  are  ti»iur*ll>  iivl  ut«ii>  v>ii«ii|(r«  Ut  muke,  bui  I  Un'e, 
aaverthrlefia,  «ubjcoted  the  entire  work  to  4«nrefnl  retlaion,  And  introduced  iom  it  *  iiotire  of 
BOlt  "f  'be  more  important  recent  addltli  I  '    '       '  To  t lie  'i  fgMlro- 

^ftrof^iny— formerly  described  along  wii  -  — I  have-  '  in  "epa- 

Mte  chnpter.     The  editor  of  the  Second  .a  lltirrlii,  ttir-'.  iibinanj 

T*Jaable  notes,  of  wbiob,  it  will  be  observed,  1  bav*  ficely  avmled  (njri«lf. 

Xy^t  i.,.-.|iri«l  pr.ifr"i.loo  b»*  O'jW  lh«  «p|">flai>''T     (   Tury  lnli'll«5»nt  (<!.-«  r.f  th«io,  y»l  all  4pt«ll*  BOl 

.ibjcci  kr* 


Of 

OU' 

part-l- 1 
Ike  mae 

anil  tic 


00  roM«r<f»ry  nwr-r  pnlil. 

lip  wttfi  R  n(*«ff«r   h^nil 


I'    oplnltiQM   pxi'ri-«tif  J  iru-tw  . 
U  with  plktri,  lllnntriitlaiit  t>ii 
!na*  ;  thajr  ■m  ailnilrably   •/•••i. 
.1   aMJetasr*  to  t|j«  »tai»al.—H.  c. 

/num..  Mttrcli,  l^Sn. 
I  by  »  Biadlcal  ularfeal  what  work  on 
ob«letr««>  ere   •hoiiM    rflnnmnroil  tor  hiro,  aa    Jinr 
*irnlUn't.    we   woolil    ucilinibleillj   »<l*l>n    bim   In 

U  '  i  i<'iktm«at  (it    ' 

•  til'  Willi*  lb'-     : 


■  •f  lb«  e'diuale  that  ibe  proftxton  I 


a. 

,,,.d 

Ml 


•/ 


U 


M*4ie.jl  J^ttfA-il,  May,  Us^ti 
It  «<irtiiinly  i>  All  ••»mir»hle  eapo'ltloa  of  Ibe 

■^   '  '   "-    -■•         r  "    '  '■tfefjf.    or  courM  iba 

'■^a  rdlior,  Hr   U.  P 

l|l>    W.>t<l.    Ml4    V)<.i>« 

•  of 
•ra 


DAJi.VRS  (FANCOUHT).  MD., 

■*-'  PhyHtifin  to  thr  (7«n<r<i  /  L^iKf-tn  Hofpitnl,  I^^tdon. 

A  MANUAL  OF  MIDWIFKRY  FOR  MIDWIVES  AND  MEDICAL 

STfURNTd,     With  SO  illQitrotinns.     In  oae  scat  royal  I2ua.  volume  of  200  paKae  ; 
cloth,  t\  25.     (A'«w  Rtiuiy.) 


•Ibi. 
wir. 
dirccilju*       It    irlil    ajiUuublciil;   (lit    m   whaI,  4uJ     AD(    lb7U. 


uUr  wllb   t 
riia  eXAinli 


'>h 


s 


TIMSON  {LEWIS  A.),  AM.,  M.D., 

8Hrff*i>n  t»  tk*  Pr'itf'j/ttriitu  U'-n/ittnl. 

A  MANUAL  OF  OPKRATIVE  SURGERY.     In  one  vory  hnntlsome 

royal  ISoko.  volntne  of  about  SOOpogei,  with  il33  illa*tr«iii>ni  j  ololb,  t'i  AO.  (Juti  Jttnrd  \ 


■thew'"    '-' -  '"  '  ""•"  "■■' '    "■•"'" 

lllnairat*' 
pages.    T  ■ 

t»ln  ■  I ■■  -  1    --  •-■  ■■ 

ear^ry,  wtille  tli«  praelirBl  torv 
to  blia  wttlila  a  *>rT  cuoclae  ao'- 

tb-'" '  ■   M— ■— <--i-. 

pr. 
Ibe 
aUtlx^r  >'T I ......  I— « .:    ,.,„■,...,—  ,  .jii^ 

t  nr»rmattau  is  ■  very  aoall  cviopac*.— /f,  i~.  MaJieai  i  the  ir 
«*«">r<<,  Am   »,  is:s.  I  el««.. 

Tbii  rr,  <tej  eillrtty  to  npnratlTx  aar-    aurfary .  ni'l  <•    iiic    •' ft'ttun  w  ihr  ^,r  ict\n,. 

lery,  ao<>  •-  >  familiar  lie  lb«atuii«ul  ir.ib  .  —Glucinmatt  Lancmt  ami  Vliuie,  July  37,  187B, 

Ibadelaii  i    uaaod  (be  dltfarebl  iai>il«>  of 


loea  away   wUb    ttaa    u>< 
:ar<«r  W.irka  »b  aarnar; 

....._    ...  II  ,.r«iedl*  Id  a  u.<:  ...,,, -,.,.:,-«• 

.    JO  wUboDl  an  alatiorate  aeareb  \o 
I  Jnurnnl.  Aag   \9'S. 


at 

•rll 

.*r 

'  la- 

aod 

-  of 

be 
ive 


JiK-BT'S  OPSRATmSDROBBT.    1*1  vol.  Sve. 
el.,of6ftopaii«e;  wlihaboal  |oo*roa4><Bla  •>  tA 

OOOPBR'S  LECTURED  OS  TBXPSlSClPiJUlAJIlJ 
IhlAeTii-ifnfJtraNsiiT.  lnlT.>l.  «»o  el'h.7M)p  tl 

OtB80S  •  ■  E9  AMD  PKACTICKOF^ 

aiaT    y  improved  and  altered 

amaa,  • 
TBKPKl. 

By  WiiLii-*  I'M.  HI  I  .  r  K  >  r;  .  i-r(>r«»  rot  '>nri-.'ry 
m  the  Unlveraliy  of  Abetdeea     Sdlled  by  Joaa 


9llil.L,M  D.,  Profeaavrsf  Barbery  la  IhePenaa, 
Medical Collef'.'iiirii'ii  i  »  itr  IVnu.vlvaala  H<>«> 
ptial,  ki.    la  «''  1  I  in|     of 

7S0  pBfiea,  wilt  -i  J^ 

Ill.l.KK-lillN,  urJhAm.. 

Id  ote 
•  rratUiDa, 

I'ltACTiCK  ot^vHornr   rounh  ab*. 

.<>  the  ln«l  KdluburKb  KdlUoa  UavU»U  by 
liiK  Aiu«ri<Tan  wlltnr.  In  nualarf*  ktii  rol.ufa«arly 
TOOpa«ei,«kUi  aOd  UltutraUuna:  elolb,  |a  **, 


26 


Hexet  C.  Lka'8  Son  k  Co.'s  Publioatioiw — (Surgery), 


6yR0SS  {SAMUEL  D.),  M.D., 
'  Prof  WOT  of  Surpery  (n  Ihr  J*f^r»on  Medteal  tMUg*  o/  PhilaitttpMa. 

SYSTEM  OF    SURGERY:   Pathological,  Diagnostic,  Tfjeraj 

and  Op«rtttiTe.   Illaiitraled  by  upwards  of  Fourt««n  Unndred  Bogrs'viii^t.   FUlb      

enrefully  rerisedand  improved.  In  twolarK«and  beantifully  printed  iinperial  o^t»T«v« 
oni«s  oTiiboat  T.'OO  pp.,  etrungly  bound  In  leather,  with  raigcij  bnodi,  f  15  ;  half  Raa'u 
raieied  bnodii,  t;l6. 

Tb«  coDtinned  favor,  abown  by  the  exbsnation  of  sacc««idTelarg«  editions  of  t hit  great  worl 
proret  that  it  ha?  aurcessfally  supplied  a  want  felt  by  Americftn  pra«titiooers  and  etadeaU. 
thi  prenrnc  revieioD  no  pains  have  been  spared  by  rbe  author  to  bring  it  in  erery  resfterl  fal^ 
up  tc  the  day.  To  effect  this  a  large  |>art  of  the  work  bag  been  rewritTcn,  abd  the  whole  ei 
Itrged  b}  nearly  one  four!  b.  antwithritanding  which  the  price  bar  beenlcppt  at  its  fo riser  rer 
modemtt  rate.  By  the  OAe  of  a  close,  thoaKh  very  legible  type,  an  unaHoally  large  aiooiiol  ( 
matter  is  londensed  in  it?  pages,  the  two  volumee  containing  as  mach  as  four  ••-  '"'•  - 
octavos.  This,  combined  with  the  most  careful  mechanical  execution,  and  it^  vr 
ing,  renders  it  one  of  the  cheapest  works  accessible  to  the  profession.    Everv  -        ■  ^_ 

belonging  to  the   lomain  of  surgery  is  Created  in  detail,  so  that  the  student  who  pvftsejwot 
work  may  be  said  to  have  In  It  a  snrgical  librar;. 


We  aum  H«t>luui  read  n    work  «iib    tbe  pnicllcal 
value  ol  arblch  we  liftTr  brtiu  ■uoreiiniirrsseO.      Errrjr 
eliikpter  ib  ^o  cnni>t»el.v  pui  tf>Kt)tb<>r.  tliut   the  bii»y 
Irrncillloncr,  vheii  in  dlfflouU}, cati  at  once  flud  thu 
infoiinntiari  ha  roquire^.      lli>  wcxk  )»  coKmniiolltnn. 
till*  ^^ur^«:^y  oTtLe  wurld  lri>ian  fuil'-  rnpr<-i:tnti-d  hi  it. 
Thework.ln  fact,  is  dobli-tiprjcii;' 
9<i  (>iiitriei]My  iirai'tlrul.dint  ill^ 
niiinl  to  »«y  that  WH  bflW'i- it  li,  !■ 
a furvmoiit  pluo- in  n  work  orrvfiT'-tii  ■■.  mM'''  i  -v-i.  m 
of iiar<«r}'  iiki>  ths  prfnent  »y«lfni  nf  BiiratT)'  t"  lb* 

prai-iii-c  lif  Miru !■-      Tht'  pr1ritlnB»o(l  binl1n;r  ofihe 

woirki-  I    it  i'nntra«t».  in  the 

lattnr  r  KoitUpih  tnrilli'iLl  aoit 

•  iirgiriii  .  wtili-1.  »rf  ppnerally 

jn  wrelthri;l\  wliirh,  ■!  ji":  !>  f-juirK  re-Mntlini:  bnfare 
tlioy  ttr«  noy  lime  in  use. — IhiO,  Jf^m.  of  Utit.  SH.. 
Slarrh,  1H74. 

Dr.OroK-i's  Burijory,  a  grvat  work,  has  burnnie  fftill 
grnatcr,  l>'(li  iuMie  iitii)  nuiril.  in  lt>  n>o:<triT*tul  A>r<u. 
Tlin  ilifteiYnctf  in  nciiial  nuoiljer  r,f  (.mjcw  i»  uol  more 
than  ISO,  hut.  ib«  iturc  •>!  the  psve  harioK  lH.<ei>  iD> 
ero«»«<l  to  irliiit  we  IM-Iirvulnlechnlcnll)'  termed  •ele- 
pliant," Chrri'  hif  l)*»ii  roomforcuti-Ulerabloadillllnn*, 
whii'b,  roititrhi-r  with  the  aUcralioni,  are  Improve- 
UMnait.—Lond.  LarfC((,NoT.  16, 187!!. 

Itoomhtnor<,aii  prrrvctly  «»pn«Fible.  thequnlMles  of 
alest-biHTk  ami  work  of  iN-ffrcnre.  «'<•  iliiiik  ihi»  Isft 
•ditinn  nf  Oron^'s  "Piirijery,"  "III  conCrm  bit  cllli-  oi 


■  Primtuinler  F 
thodirHl,  i<riT>-' 
aaj  liiitiit  man 
tr«Kt)H«,  or  roni 
Id  the  c^Tsn  III 
T'^',>n  imm^-nn-. 


A«  a  »i 
"Sy«ti>iu      . 
Louis  Medicai  o 

Tb^two  m«i.'' 
eotnplele  Ti«w 
8onie  .roars  aitc 
fir«t  edition  <••( 

work    of   1;! 

Tpsnlt  OI 
deuneJ  U) 
or  prftfini-iii,  r 
a  tr«n>iir*  of  r 

pur-liii-"  of  *lii 
<7. -- 


-I  the worit as tb< r»pc— SBlallt 

III     thi.  i:iwll»l.    Uw^lMf*.,. 


,f.,,,  ,      .    ■    ,   __ 

anil  pruUitiu  all    ll>  ^ffnttlMieiti* — ^it. 
ittd.  Chir.  Ro.,  Jan.  1ST3. 


»r  TUB  SAME  AUTHOR. 

A    PRACTICAL  TREATISE   ON  THE  DISEASES.  INJURTEJ 

and^uirormatinns  of  the  Urinary  Bladder,  the  Proititte  (Jliind,  ami  the  nreihra.  Thir 
Edition,  tboronghly  Revised  anil  Condensed,  by  Sakobi^  W    tlnugji.  M.D.,  Surgeon 
the  Philarlelphin  Hospital.  In  one  handsome  oolavo  volume  ot  &74  pagM,  wUh  170  ill* 
triitinn!':  -lothrtf*  f>0.     {J^rt  IfM»M.) 
Tot  F' '  .'•'uurullatoriu  ><-.ti   «a«eioriheorioarynrgaiu. — Adant4tMed.Jv%m.,' 

•^,lS•6. 


U  is  with  pIea.<ore  we  now  ^^ 
rk  in  a  >le>;iitvUly  new  Urc- 
I 'led  as  a  new  ti<)iiK  Id  T«r' 


Sr«ur^  "  worlt  that  : 

morei'j  ■  nu  liii",  a  T«-v 

apllenl  IriiiiiM-,  »iiil  im  rowlinil  lilnin  v  -I  'ul 

out  It.    ItepUle  with  haiiJMinir  lllu-lra<i'  nf 

IJraS,  it  hJi»  thK   unusual  nil^aMlat!*  nf  b--, 

outnprebi-nil«l,hy  ilie  reaioiiableantl  fT'. 

ill   whifili   the  varli-iun  suhjirctt  are   «» 

arranged     Weli-nrlilv  rrrooimoiidit  t.  ., v;, ;.,,„..-, i™^  ,i,„  .,,>..(  ,,...i  w 

,»  avalaabloaiMltiontolhelmportanlllUrttiurecrjU-j,,^  _^-^  ,-„„  Mat.  Jimm.,HoT.iBlt, 

J>T  TBE  SAMS  AtJTBOM.  — —  — 

A  PRACTICAL  TREATISE    ON   FOREIGN   BODIES    IN   THE 

AIR-PASSAQKB.     In   I  vol.  8to.,  with  illnstrations,  pp.  46.S,  cloth,  $2  7S. 

r\RVITT  [ROBERT),  M.R.O.S.,^c. 

THE  PRINCIPLES  AND  PRACTICE  OF  MODERN  SURG 

A  newand  revised  American, from  the  eighth  enlarged  and  improved  London  editioii 
trated  with  four  hundred  and  thirty-two  wood  engravings,    la  one  very  handatnu* 
volume,  of  nearly  700  large  and  closely  printed  pages,  cloth,  $4  00  ;  leather,  $ft  0« 
All  that  the  sarf^cal  •taileot  or  praeiitloaereoatd 
dealre— i>uW<n  Qaarterlj/ Journal. 

11  >■  a  Bio»i admirable  book.  We  do  not  know 
irbeD  we  have  examined  one  with  more  pleoeara,— 
Botton  Med.  and  Surg,  /iiumal. 


practice  of  turgery  are  treated,  aad  ao  cti 
iterapieaoaaiy.aii  toelacidataeverytsapori  . 
We  ua*e  sxaaloed  lli«bi>ok  laoellharodckl 
eantay  that  thtoaeeeeale  well  aerli*4  Bl 
moreover,  poMc««e*the  lB«>tliiiabla  adv»al 
VLa.vtD.ll  t.he  aiibjeeta  perfeelly   wall  arraac*i 


--  '• —  vALfc^vD.1^  i.no  Knuj««vfl  p«riitciiT  wall  arraacwv 

.  Mr  nrnltl' shook   l^OttBh  «ottVK\Tl\T^»0»\7  "Ol^*  V\»»»'^^'A   "*  <>\  >>%V*\  wtV\\*»  Vifc  %  «tyU  al 
v__j,.j   .,aeu>    boib  Llie  t>t\ntVv\a»  *.a4Vli*\e\«at  »,^4.»TioeVax,V— A.m.  Jw*rfcB.\<.l  K^  v\ 


1  hundred  pages,  both  tUe  ptWtVvV 


Henrt  C.  Lxa's  Sox  k  Co.'s  Pcblicationb — (Surgery). 


TfAMILTON {FRANK  H.)  M.D..  LL.D., 

•»-*  Kurffton  In  lk4  B'lltvnt  HoUiiHal.  AVno  Tnrk. 

A  rilACTIC'AL  TRKATISK  ON  FHACTURES  AND  PISLOCA- 

TIONS      8ixlb  Ftlilion.  ihurnophly  r^'Ttred,  and  rau'h  imiirnvril.     |a  nn*  r»r;t-  bnnd>iiin« 

(wtitvo  volume  of  ov«r  900  pufce*,  with  2^2   illualraliooa.     Cloth,  (5  6(1;    l*alli«r,  16.50, 

half  BiiMia.  raiiid  bAods,  $7  00. 

The  driiinnd  which  hna  lo  upecdilj  ezb»ni<l«>tl  Ave  Inr^^e  rdliinti*  of  tlii»  work,  tbow*  thiil  lh« 

»atbur   bftn  succeeded  In  (applying  «  wnnl,  felt  b;  lli«-  prulce«ion  ftt  Urita.  nl'  Pn  exbatMilve 

trektlt*  on  a  fruqactil  and  UijuMvfuine  clou  of  nreidtnU.     The  ananiuiniiii  vnlcn  of  th«'  proftt- 

giaa  iihrou'l,  Bii  well  ui  nt  boiue,  hit-  pronniinaed  tt  ibe  moKl  fuuip'<t«  work  (u  wliic-b  the  •atgeon 

•HD  refer  for  informaiion  respecting  lh»  drLnilt  vt  Ibo  lubjfcl.     In  th»  ..i  ..iiiir]iii..ii  ,,i  11,1.  n«w 

•ditiiiti.  lli«  MUlbur  hiV«  added  a  cbiipler  ui]  fleneral  rroftooii* :   Ibnl  <>:  'Ha 

baj  bveD  rnttrety  rewiitten.  in  r>r<irr  Unit  lUe  rieull*  of  a  rvi-ent  caI.  ub- 

Jeot  might  lie  piveti,  umi  ii«  enlirr  touller  ui  lb*  bonk  biu  iiri<li'rK''iii'    kkij'I  lhi>r<iU4;b 

r«vi»iuii.      \  Dumber  of  have  been  uiuiiled  lu  tn.ikv  place  fur   new  uoe<,  and  a  few 

kuve  been  inserted  from  i-.,  ^^..„..u  editii>n,  publiehed  at  Gvllingeti  in  ls7«. 

So  inaD)' kiud  «X|ii««looa  »r«eicucnn  hit  ve  i>e«u  I  pruvi'J.     Th*  <r..ik  )■  »  nfiinmeBt  10   Amerleaa 


aeble  ueuM^*,  tli>t 
an  to  00  )ial  i.^  «x  er 
tag.      It  I*  the  .^nly 
*r   Fracmren   !• 
(raialiile  ibA 
>ae«*>«  of  bl> 
haeeiDaay  >i>«c>-v  dl . 


*n<l  »l|l  loef  aurTv  to  kM'p  iu«ea  ibe 
:i*  reacrable  tm^tiiT.—  Xiiihigan  M¥t- 
111.  18,  , 

I    ri-rillc!    Iiui    iTun -n  ru'».l    li.   haniaal)r 

A* 
■ujr 
It 
<m1 


„  ..ill',  .ij»  fi.iK    no  j.  I   r.l.  >1,|i  I 
•  il    inperrliitou.— i>Aiffu.   Ooll.  and   tftin    Kecard 

Ko»    I'    1^-0.  '  ,      ^  .    ,  .. 

!'  n  hat  devolM  |;r*ai  labor  101  be«t«4y  {  «tvB»l  w.-Fk  — /.h,4r^U  l^it^mt,  :<••«   tti,  l^.jvu. 

•I  '"      HI*  l»r««..xtHti,-oe-.  exi»Dil«d  I      ir»,,  v-lr  (•  l^«.»wn  t..1f« 't>e"nlr  eomTv-t-tr 


»tl 


■abject  Ri.iil«r  .lajtiy  Kud    t' rvtbl;   1"  ibe  reuiJ>r 
or   ttoilent. — itaryl«nd  Mniical  Jotumul,  Kuv.  U, 

I'he  only  oomplet*  work  o»  He  enbjiiet  In  lh«  Boff. 
Ilih  lODeoe,  (bil,  iDileed,  mit*  bow  i>«  miIiI  id  b» 
Ike  ouljr  work  of  ii*  klod  la  xojr  muj^a*.  tt  w.-n'tl 
ret'ilro  ao  )>xc<>x>lia||l]r  crUlral  rsamiaatloa  lu  de- 
leec  lo  II  aejr  pi>rllcal>ni  lu  wblcfa   il  migbl  be  In 


Tt.: 
(J^f'iiel  I'  ■ 
1  lial  ou  ti 

ft.'    il     .!>     A 


.ad 
ili 

.     uta 

-  'xiaat 

'  '  «. 

Iile 

.II. 

•:      IiOl.o  (Jtllicrs   ltU.l   t:ulu|iu  :>  U'AJt  Nllb 

••4oa«  bli  wuck.— OAlu  Jf«i.  Rtettnttr, 


A  SHHCRST  (JOUTf,  Jr.),  M.D., 
THE  PRI  13  AND  PRACTICE  UF  8UHUKKY.    Stcoml 

edition,  enliirgud  uud  rcriied.     In  nne  very  large  and  band><iaie  ortavo  vcitumo  of  OTer 
inoo  pafe.s  with  M}  illatlrationfl.    Cloth,' fS,  leather.  %'  ,    half  Kuiila,  $7  &U      (Jmm 


CanMtsnilog»BeB*  Bad  tboroacbaaee  are  two  rery  | 

MUrkod  IraL*   -jI'   ciiaitiicf  lu    ilm    ■iiiIpU    mT   II. U 


A*hhNT«('e  Snrivrj  le  too  well    kanwa    la   Ihia 


•I"'"-  •p-''i 


|4  off  r 


ba- 

a<ta«il 


J'JUU.  Mtd.  Tim*4,  I'tib.  1,  1^:U.  , 

W«    h«Tfl    pr»Ttni»ly  irfinVrn    «f   Pr     A«bhnr»t'» 


riiruUti   biBi    Ibr' 
lli.ii.i       III    ..T^rT 


Ft  "III  be^ 
i.ly 

XI- 

Kb 
i.e 

.l>la 
■i>0 

'•III 
•  •t 

le 


I  f  tir.i  1  wrltcTit 


>in-.  Jao.  1870. 


fr' 

•< 
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la  America  —.1 

The  «tt---:'  ■ 
(b«    wh- 
vonM  1- 

Hi'-' 

It. 

T). 

I)>' 

tr- 

•  il! 
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fu^el4n    aaibwrkhip  ^A-    LViroMao    Jfed.   /«iir»a<. 
Jaa.  iBilt. 


I  le  <le«er»»«liy  P"( 
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Hbnrt  C.  Lea's  Son  &  Cb.'s  Publtoatioks — (Surgttry). 


DRYANT  {THOMAS),  F.R.C.S., 

THE  PRACTICE  OF  SURGERY.    Tliinl  Ammmn,  from  tli 

ond  nnd  Revised  English  Edition.    Thoroughly  revised  Hnd  tuacb  imprott>4.  b;  J 
Rdbertu,  M  D.      In  one  large  and  rery  hftnit*omr  1mpi<ri«l   octiiTa  volniuvof 
pa^'F,  with  fi72  itIuRlrnlioop.     Clolb,  |fl  £0;  leatLvr,  |7  &0  ,-   very  hand«ume  half 
rnited  bands,  $^  00.    (Jmt  Reutiy.) 
The  narked  «uoa»ra  ofthit  wnrlc  nn  both  lidtt  of  the  Atlantte  vliowa  tbnt  Hi«  aatlior  hn 
eefded  in  the  effort  to  give  the  etudent  and  prnotitioner  a  round  aDd  traetworthy  |p«ide  ia 
jirnotice  of  surgery. 

In  prejiaring  a  new  ed5tion,  it  hft»  geemed  best.  In  orf'er  to  adapt  the  work  mir*  th<»r<»« 
the  n«ed»>  of  tbe  native  #tndpnt,  (hat  it  nhuald  receive  the  heneBi*  «f  •  rei^laioD  by  an  A 
editor,  wbn  ahould  not  only  irionrpornte  the  moft  recent  dis<^1Terie•,  but  al«o  the  model 
cednre,  which  must  neeeffarily  vnry  with  the  p'ncticee  of  different  coatilries. 

Th«  work  is  now  onnfidcnOv  prefcnlcd  n^  worthy  a  continuance  of  the  »erjr  dlilin|ral«k(l  iW- 
ocsj  wbicb  ha«  marked  the  reception  of  the  previous  edUiuna. 


^RICHSEN  {JOHN  E. ), 

Prn/mtnr  of  Surffnry  in  UnivtrHty  Oollngt,  London,  He. 

,     THE  SCIENCE  AND  ART  OF  SURGERY ;  being  a  Treatise  on  8ot. 

gical   Injuriee,  Di«eaii«B,  and  Operationj.       Carefally  revised    by  the  Author  froiB  \U 
Seventh  and  enlarged  English  Kditioo.     Illastr;tted  by  eight  hundred  and  *iity  tweia- 
graving.*  on  wood.     Il  two  large  and  beautifal  octavo  Tolameg  of  aeurljr  2004  (tafMS 
cloth,  $8  &0  i  leather,  $10  50;  half  Rojsio,  f  U  40.     (Nqw  RkoJv.) 
The  eeveatb  Bdltloa  ti  before  the  world  ustlie  la»t    rial  ihac  hai  bMB  add"  '  _•  b<i' 

Willi]  of  aurglciil  •eiBUoe.  Tbere  uiAv  bn  inuDOgrapli*    dred  and  Urty  aaw  lll-i  >n«4, 

wblcb  «Kcol  It  u|>>ja  ceruis  polnift,  bill  h*  a  cob-    loeluiltag  qaite  •  aoiii'  '  ri"V 

l|>eciaii  op'^a  largienl  prtoeiplr*  aud  pmctloe  It  I*    toeeii  of  palhvl^ftral  proc)-i>n«>s.      »•>  istik'il  i< 

■  nrlvalled.     It  will   well   rowitrd  prxclliluDsrf   to    cbaoge  for  tbe  better,  thai  the  work  aioxwlaiVMl 

r^aJ  It,  r»r  It  tai  been  a  p«oaUar  proTlace  of  Mr.    i>  ananilrely  aewooe  ^Mfd    Rr.rorii,  fi'tt  JJ^   ' 

Eitcbcen  tu  demcattrate  lb«  abnuluce  lDlerd«pead-       Of  the  mnnv  tr' 

euce   of  medlciil   and   (orglcal   «oieoce      Wa   need    our  tiuik  to  •lab 

•enrcoly  add,  In  eoncln^loii,  tbul  wb  beartily  enni-    ^i,i<h  in  nil  i" 

"lleDd    tbe    w<>rk    tu    alodenl*  tbnt   they    rniy    ^'    tr*atl»«ot  '  •trl^ 

roUD'leid  la  a  imuad  faith,  anU  to  pr»ciiiloner»  mi  i  jf,^,  f^^,  .  '  '^ 

a  lunalOAble  gnldfl  at  tbe  bedalde.— ^m    Praeti-   ofhiii«ai,j. 
~«.jn.^,  April,  1876.  lailrolralily  t..»i] 

[( In  uo  Dleoompllment  to  tay  that  tbliln  tbe  t>e*t    at  tbv  l«««l<o>t  - 

adtlluB  Mr,  RrlcbteD  basever  produreJ  of  bU  woll-  Uurifrrj,  we  liim 

koown  bi>ok.     Besides  InherltlDg  tbe  rlrlnea  of  I  •  !  pleiuur*,  thervi'  i 

predee«*aora,  Il  poaaeaneit  ezcelleocefi  qalle  iUowa.  !  |;on«r«l.aDJ  bn.'- 

Harlof  dated  that  Mr.  Sriebiaa  bi«  lacurporaied  i\vm.—ilrd,itf\di,^^,     .  , 

iDto  thi.  «<tittoD  every  reoeol  tqiproveraent  tu  Ibe        Notwithi.UiirtinBtb..ltirr. ,. 

.eleoceaod  an  of  «arg..ty.il  would  be  a  lapereroga-    murli  old  m.lf^r  h..  h.*.,  .. 

tloo  to  njUe  a  delAlkdcrltlcUm      la  nbort,  we  o""  |  in,  been  II  '■    ■-' 

hesitatingly  aver  tb4l  we  know  of  do  other  alogle  l«jt,y»f».. 

w.>rk  <rli*ri!  tbe  ktudeDI  and  pr*rtlt1oner  c»n  %»\n  at  ]  »„.,.„  ,„„,i, 

oareHoclear  nu  luiilgbt  IdIo  tbh  pr)Dclple«of  KDrgerv 

and  eo  eompleta  a  kaowledge  uf  tbe  eilge[.ela-»     ' 

•  ar(teal  praeuee.— LuM(<iin  Lantet,  Feb.  14,  1876 
For  Ibe  pa»l  tweoly  year*  Erlebeen'n  Surgery  hi- 

iDHlBtalned  M»iiliic«itiitheleadinetexi-bon|t,auiuu ' . 

Id  Ibl*  vouglry,  )>al  la  ('rest  Uriiaio.     Thatlilauli. 

to  bold  Itf  itrouod,  la  iibuDdwDily  proven  by  tbe  tbu-     _-''U'Tui   'iiiiii'u.     >>  >•  i)<>iirii:T  r««-rimM>>'iii}  .1. 

ro<igbo«!i»  with  which  iba  pra'otit  Adillon  ha>  be«D  Ibotli   almlvnt  and  pracUUoner. — A'   7*.  Jterf. 

revlaeU,  and  by  tbe  larf^  aioiinul  of  valUHliU  mate-  '  F»b.  1878. 

PfOLMES  {TIMOTHY).  M^, 

■^■*-  Surgeon  lu  St.  Qturgt't  ButpUdl,  £oii<fo«. 

SURGERY,  ITS  PRINCIPLES  AND  PRACTICE.     In  one  l»«nd 

aomeoctaro  rolameof  nearly  1000  pages,  with  411  illugtrationi.  Cloth,  $Ai  lA^lA^r,  |T| 
half  Rasaia,  $7  SO.     {Jttti  Ittuedi 


rhlala  a  work  which  baa  been  lookedfor  oa  both 
alileaofihe  Atlantic  witb  mncbloternnt.  Mr.  Helmet 
|>a  «argeon  of  large  &od  varied  eiperleaee,  aad  one 
of  tbe  be«it  kaoWQ,  aod  pertaap»  tbe  aio»l  brilllaat 
writer  npoa  oargtcal  sabjecia  la  Baglaod.  It  lea 
book  for  xiadealA^und  an  admirRbia  one— aod  for 
I  be  btiay  nieueriil  praetltlouer  l(  will  gWea  riadeot 
all  tbe  kuowledge  needed  to  paei  a  rigid  examiaa- 
CI  00  Tboboiik  fairly  J  uktl  tail  Ibe  bigb  especial toB* 
tbct  were  formed  vif  It.  Itcatyle  leelearaad  foreibia, 
•  Tea  brilliant  at  ttmea,  and  Ibe  eoDcU«ae»  Beaded 
to  brlnglt  wltfalniteproperllmitahaa  not  Impaired 


ttaforeaaad  dlattaeiaeae,— .y.  T.  Jftd  Jtai««r<  i 

M.  i«7a. 

Il  will  be  fonad  a  moat  eseellaal  apttoaM  area 

gery  by  tbe  general  prKeliilaaer  "^'-  • 

ittoe  loglTeaiieDtlooto  more  ml  !j  ■ 

worka  and  to  Ibe  medlcalatadeni 

of  uo  one  we  can  more  cordUIiy  r-cvmr.i-  jc 

author  baa  aueeeeded  well  In  giving  a  plait  >»AJ 

practical  aeeoaol  of  each  .inrgtea!  lej^iry  >uJ  ^e 

ea»e,   and  of  the  ireatineDi  wbi   ■ 

moDly  advtcable.   ItwillaodoQl 

lar  worklo  tbe  profef-Mon.  asd  e»; 

book.—CinctnniitiJftd.  JCiiioe,  Afri  I    t\: 


iSHTOS  Oir THE  DISEASES.  TRJtTRIES,  ajis  MAt-  f  SAROENT  Oil  BAND  AQINO  AH  DOTBIR  Of 
FORMATIONS  OF   THE  HECTUM   AND    ANUS;        TI0N8  OFMINOR  8DKGKRT.  «ew  eTliVM!.' 
with  reiaarks  on  HaVtltnal  CuunVXv*^'^^'^ ■  %*>cc>tki\  \     hu  &d<la\.ua«lebapii?r  ua  Military  jtaicery 
Aniertoao,  from  the  totirV\i  *tid  »>n\*t%».4  V.i»i<\*  N     \'kv6o.iQ\..«t\'SiVisvv»»  w\w\^\^v%c.</a|»  < 
Bdllion.    With  inna\Tat.Vo*a.   lu  Qua  *■»«>  ^o\.  «»\\     "■•"•' 
387  pagae,  cloth, %S 26.  \ 


%\.1V. 


HitiAbor 

t'Ka»r 
onjujad, 


^ELLS  (J.  SOKLBERG), 
A  TREATISE  ON    DISEASES  OP  THE  EYE.    Third  American, 

fr<.>cii  ibr  Third  Londnn  EdUlon.  Ib<<rnugbl.v  rrvMCiI,  witb  rnpinu*  iiJrliti.'iii',  hy  Cb«». 
B.  Bull.  M  D..  Snrgtron  and  Putboligi^i  (ci  lUv  N»w  Yurk  Kyt  ntiil  Kur  Jnliriuiiry.  Illua. 
tratrd  with  nbuut  26(1  -ngrt^  iiigr  oii  «ood,  und  fix  oolurvil  plntet  Togelbrr  wUh  itelee- 
tioim  (rojo  tbe  Twtt.yj>e»  of  Jarper  nnd  Snellen  In  «>i>»  l«r|?e  toa  very  band«otD« 
ortaro  TolniDe  uf  WH  pugct.  Ciutb,  $5  ,  l«olbf  r,  ^6  ;  bnli  Ruitia,  rat»ed  botijs,  (8. 60. 
{Jutt  Jttutip  ) 

The  long'Oonlinued  iUnee*  oT  tfa*  oalhor,  with  itt  Tatit  termiaoltun,  his  Jiepi  ibis  work  for 
fomr  thiie  out  of  print,  and  ha*  de]irived  II  (if  (be  llUv|tT^(n^«  nf  lh«  rcTi>|i>n  wliich  be  lought 
tu  give  ii  during  tlie  tait  jenrs  of  hi  life.  Thi*  edition  hiu  iberefur*  b>eD  pl»-«d  under  lh« 
«d)ti>riiil  naperviiioa  of  Dr.  Bull,  who  hii«  Ubxrc'-i  earr.e^tly  to  Imrodo^e  In  it  nil  the  adtancM 
ithoh  nheurvatioo  kad  experience  hnve  uc<)iiir<'>l  Tnr  (be  tlieory  nnd  prnrtlce  nf  ii|kh( hiilinr>ln^^ 
einrr  the  rppearftnee  of  the  laet  reri«ii>ti.  Tv  nccuiu|i  iib  ibi*.  rontulernble  iflditiions  hn\e  bera 
re'ioired,  Htid  the  work  is  now  prevented  in  the  eimfiilsiu'e  'bnl  il  will  lolly  t|#i>Fr>e  ft  oontina- 
ance  or  the  rery  marked  favor  with  which  it  kt«  hitberlu  l>«vii  greeted  as  a  coiuptele.  tiul  ooB> 
else,  ex|">filioD  of  tbe  principles  and  farte  nf  it*  inipo-tant  depnrtmeot  of  ncdigul  teioiioc. 

The  addition*  made  in  tbe  previous  American  edilionji  \>y  Dr.  Mays  have  been  relaineii, 
including  the  very  full  eeries  of  iHurtration*  nod  the  tect-typiei  of  Jaej^er  nod  Snellen. 

Ttiia  i>ew  villitoD  uf  Dr.  WelU'a  great  Wurk  no  ilie  I  yUNgr.     lu  ll>e     <"  ■      "'  '  '    wed 

ay«  will  be  velconied  bv  ilie  frMfe'iiUiu  at  Urge  a'     iuduxirt.>u>  reti-  iiiu 

nitli  a*  by  tbeocQlliit.    It  coftlakiia  mai-li  o«w  ui   tier  '  cwry  <|U«ri«r,  m  ..^id. 

irUiliij  Ui  treatnieot  and  patbulogjr.aud  l-  bnmgbi  j  a  wi.ra  tho*  bcjUi  u|.  i  \   i.   iir.i  tii    i .    l....i.i  iu.i  i>« 
lli.jrnaKtily  up  wllb  Ibe  pre-enl  •taia>  <<f  ophtbal- '  ■ndvreil  lu  die,  aadwp  are  pleaeed  I     >p<.-l<a  itaka 
ID  'U/fy.     U«  ehepter  on  relracttoa  and  aeevnaii'- 
oall'x.— a  mbject  nacb  dixaexed  of  tale  yar*,  and 
III   ireat  luiporlaaee— ta  axceedlugly   eatnplete.— 
X.»ul.el/^  ,V.rf   ffrvm.  N«v    IH.  l''*"*. 

■  •■  .if  the 
r\  "'I  are 

.-.y  .1- 

Ir-Qn.ju  ly  uj-i  ii.i.l«n 

ut  ihi-ni  m  111  .ruro 

latloo.     ViT-  '.  '• 

ecjl  >.']  '■ 

MUd     III 

llmea.     \  1  <    . 

tugiUb  niiukUg  )i>''"^l"'l""<'''>  '^  ^^  *«llli'-'u^  u  rival. 
^Am.Ji'nrn.  n/  Uttt  Sfi.,  Jaa.  ISSI. 

The  W'lrk  haj  Jaatly  held  •  lilgb  place  In  KB|lttli 
ophtlialrule  llloralur«,  asd  at  the  time  of  lit  flitt  ap- 
poiraatv  waa  iL«  bail  iraatlaa  uf  lu  klod  la  Ibe  lag- 

XFETTLKSHIP  ( ED  WA  RD).  F.  R. C.S..  ,  „  ^,  ,  .    ^ 

^  '  O^hth'Uinie  Surg  and  Urt.  o»  OflUK  Surg,  at ».  Tktrm4i*  HotjHtal.  Lamion. 

MANUAL   OF    OFHTITALMIC    MEDICINE.     In  one  royal  ISmo. 

volume  of  orer  850  pages,  with  8V  llloatralions.     CInih,  %%.     {Juil  K»adjt.) 
."Thaaaihi.r  U  to  be  ei^oaralolated  ufou  the  very    lufonu.llo..  tt.y  footalo      We  J«  n.l  h«llal.  to 
Wee..roloiiBD.rlBwbwCheha.ac«.in.plt.h.d  bl.    ,.r..n„«oc,  «f    S-ttl^.l.ip  .  book  ih,  |„.t  maoual  oj 

..clBclu*    el-.roe...     aod,   InrlnJlng  tbe    -hole  1  ••  Im.y  praetllloner^    wl^n.  wblek  .*  ar.  acqaala- 
g.iMiud    r:.T.r,d    by   mure    vlumtn  m.  irxtbo-k*.  I  «ed. --*«.  ./our.  JTerf.  »<rt«ie,f#.  April.  IbW. 
hai  ilfeii  an  excellent  rtinmi  u(  all  Ibe  praellcal  < 

pARTER  (R.  liRVDEXELL),  FR.CS, 

V  Oi/''ilkntmtr  Sttrfftoft  In  St.  atnrg*§  Uotpital,  #««. 

A  PRACTICAL  TREATI-SE  ON  DISEASES  OF  THE  EVE.  Edit- 
ed, with  test-typee  and  Additions,  by  JnB«  QmitBli.  M  D.  (of  6l.  Loaie.  Mo.).  In  on* 
handnoma  o«Uto  volume  of  about  4U0  pagee,  and  IS*  illuelralioBS.   Clotb,  $i  7i.    [Jutt 

IttUfti.) 

1 1  I.  will,  u  r«l  pleaaure  that  w»can  endomeibe  work    ehapter  In  devoted  to  a  JJ««i»ae(oi)  of  the  u.ee  »  id  i«l,c. 

a.   «    ni.Mi  -...:-.,jl,;i.  ,„n:nl.uripn  n    [;rnni,,il  ,,,.bH.iil     TUn  ••!  n""""""'"-' •"""»  "dmlraM*  .v.Bij»-t.  |  lain,  aad 

•-        ■■•  ■     ...I  nl 

I,.  •  •" 

ul>- 

,  'eld 

,  nnd 


■  bird  ndltioa  rium  iIjo  basil*  or  lir    Hu'l 

h.ahrriiur.ltioar  »'ili> 

ll.in*   )ii*i>kei«.i    Willi 

Ike  edtu>i>hip  wbich  I'l  ..._j..-^», 

th«  W'lrk  la  aar"  lu  au^ijtiu  ir '  ^uun  r^j.uiulua,  aad 

tu  naluulu  tit  oaefulaea*.— >'.  T  Jf*''. /uwra.,  Jaa, 

1A.M. 

There  I*  really  cu  ir  I   la 

adaplail'iu  Im  i1>"  War. i-  ..t-r. 

WtiUa  tb«  I"    'I  '.!'  •<  '  "'B» 

a  l«rn«al   -'  .'ted 

to  bit  ku    '-  'ill, 

woo    111"  "'11. 

III.-  'fe 

piai  ^  '.cb 

(!»»,......;             ...     -  ,    lnj. 

IB81. 


auilior  !•  ^flluuUtly  vlear  aliil  (.r*.Uc»l.  »iii(<  utliM 
writers  era  anfortuoaiely  toe  ufien  deOoleot.  Tbe  flaal 


cict,  U.'.  t"'7i 


ROWSE  {EPnAU  A.). 

<imr«^»  t.,  th*  Hxfrpoul  £y<  and  Snr  tnjtrmort,  anil  to  tht  IHip*n*ary/or  Skin  DUraMt. 

HOW  TO  USE  THE  OPHTHALMOSCOI'E.    litinf:  K'  -      -t.iry  In- 

•tniciiont  In  Ophthalmoscopy,  arranged  for  Ibe  Use  of  Students.    W  n  <■  illiisira. 

ttoDs.    In  one  small  volume  roj»n2i»o.o«  120  page*:  cloth,  $1.     ,-  -.  iy.) 


LArURXCK-B    BASDf  BOOK    Of   OPHTHILIIIC  \  tAWtS«»^|^WS^^Xt*J^^^™^^y;^^^^ 


^rKiibKY,  fur  tbe  Di>e  of  Praeiitloaera,    8«e«n4  ' 
■•.ij-1,.11,  rorjted  aad  eolarged      With  anaerova^ 
i^ivatrailua*.    ia  oae  very  baadaoma  ocWvo  vol* 
Oik,  fa  It. 


\t    o»»  tan   \i»v4.oi»*    ^^w.'*   -.^cV^w^,  e.X«*«.>,j 


Henrt  0.  Lba's  Son  k  Co.'s  Poblications — {Med,  Juritprvdenct). 


\ 


nURNETT  (CHARLES  B.),  M.A,  M.D., 

-*-'  W»ir.»?«Nrv  tothf  Prenh.  hoitp.,  Hurgvon-tn^hnrfft  o/th*l^/tr  /«rl>4s.  ^tktEur.Fktbi. 

THK    EAR.  ITS   ANATOMY.  PHrSIOLOOY.  AND  DISEASE 

A  Pritcticnl  Treatise  Tor  the  Ute  of  Medical  Students  and  Praetitionera.     In  one  had 
some  ootnro  volume  of  61 5  pagfei,  with  eightjr-seren  illastrationc:  ololh,  $4  &0  ,  Itftlher, 
$5  60;  bnir  Karaa,«6  00.     (Naio  Rrady.) 

ForfiiDunt  itmuDg  (be  uoninrMan  r«cnot  coulrltm-    tlt«  obverT&tloni  itad  dUeoTcrle* 
tloav  to  tnrnl  llteraturt  \rlll  bi>  raDk»d  this  work    dueril  •   work  vlilcli,  ■■  •  lesi 
of  Dr.  Bnrtied.     It   )»  liiipc>K«lble  to   do  Ja'>Uet   lo    priHerfm  ia  c-xir  Xuntn-r-      '^'•'■' 
Ibln  volume  of  nrvr  KOI)  pag«>  in  •  Baofl^>iirll]r  brief    pii<iiiigB«  as  well  wi>r 
bvllee.     Ii  moiit  Bufflce  to  add  tfaat  the  book  1>  pro-    (livu  of  ibogeDC>nkl  pr  . 

rnteljr  nud  se«ar>l^l7  lllakirkted,  l)i«  r«r«reBee*  «re    lb«  opit?*  >l  oar  cuum. : 

ciiDarleotivnnly  iicl(uowl«>dj(ed,  wliU«  tbn  ri>iiiilt  bk«  !  ter,  Ai  iho  hunk  oofbt  lu  be  id 
ba<>u  10  pr>>dnce  n  trenlUx  which  will   bencefortb  t  medlr&l  »tndei]|,  and  IK  atad; 


iSM 


rAuk  wiih   ib<<  einule  writings  nf  Wilde  Bad  Von 
TrilUch  —  rA«  Loni.  l\actiHitneT,  M»j,  1879 

On  (ocoDDt  uf  iho  greai  kdrtnces  which  have  beem 
BkilK  uf  lai«  jrearc  in  ololugj,  nud  of  the  lDorea*ed 
ltil«re>(  lDK»lf«H(ed  In  il,  ihe  cncdlcal  profeuiuB  will 
w«tr<)ine  lliiraaw  work,  whieb  prcceots  cl«arl)r  and 
•  ■.nclv?ly  It-i  preheat  aspect,  wbllf-i  clearly  Indi- 
(.'.iilue  ihf>  (Itrecilim  la  whieli  fortlier  ranajircheii  chd 
b'-  iiiiwt  profllsblj' carried  on.  I>r.  Barn  it  froui  lils 
awu    mainred  experience,  and  aTailiag  Lluiseif  of 


bnsy  praellttooar  I  a  (he  plf  *»tif  <•  ;. .  ^  . . . 

Ibe  a^r«eabls  style  in  wblcb   maay  mhm 

and  uiOKily  uokunwa  tahj^cls  are  ir«at*d 

•  peeiallsl  the  work  l»ofili'   >■  -i..---  -  .  ..- 

souoe  of  giHtllade  t<>  Dr.  i: 

proporttiioaTe  to  the  ttmoo 

from  ihs  carefnl  stody  of  i\,-   ^...u.    ..»»  * 

refrreaae    to    lis    trtialwonbj  p*g«a.— A'diatuipk 

Med.  Jottr.,  Ang.  1878. 


PrI 


(^«#l 


fTAFLOR  [ALFRED    S.).M.D., 

■^  Lrflurer  on  Mfd.  JuHrp.  an<i  Olttmiltrv  in  Ovv'*  Bo$pUal. 

A  MANUAL  OF  MEDICAL  JURISPRUDENCE.     F 

cao  edition.    Thoroagbly  revised  aod  rewritteit.     Edited  by  Joa»  J.  Iti 
of  Med.  Juriflp.  and  Toiioolog^  in  the  Unir,  of  Penn.      In  one  tar|re  u 
9311  pages.     Clolh,  $5;   leather,  $6;  bnlf  Itugcla,  rmiied  banda,  $0  6U. 
The  Amvrloaa  edttloo«  of  this    standard  in^Daol     Is  loauoounre,  not  rrlileU*  ihr<  r..(ii|.| 

bars  fur  a  Ivn^-  lliue  laid  oliiim  to  (be  attsniluo  uf    valuo  t>t  Ibc  gpia  Is  yv"  •«  I  kij'  '- 

tbe  profs^sioti  in  thU  eoQDtry  ;  and  that  the  prutiM-     than  the  telhug  ■lial  the  niiklrr 

■lou  has  reo<>gni(i!d  thin  rUlia  with  faror  i»  prorao    envd  Us  (aceo  nsd  pi>li>hed  Uomul  i 

by  the  call  f"r  frecia(!nl  new  editions  of  the  w>irk.    It  as  his  legacy  lo  h's  ^rcth^e«  lu  itto  {/r..(M*lM 

This  oDo,  llic  elKbth,  comes  before  ns  as  embodying     Pfiiln    If"*.  Tinu;  Dee.  i,  ISHU. 

the  l»ti«t  tbi)nglit«  and  emendaltiins  of  Dr.  Tayl.ir,        u  if |n    snlBce   lo   r- —  ■   ■>- -■■•■ 

upon  thaaatijeet  to  whioh  he  dero  «d  hi<  life,  with  ;  »bow.  llio  slica*  of  I  i 

at  aMldolty  and   saeeens  which  made  him  /(ici/»    bcr  of  llltimrailte   i. 

jirinrrjtt  amoog  English  writers  on  medical  Juris-    occurred   slnc«   IUk  i 

pradenee.      Both   the   aotbor  and   the   b<iok    bare 

nisde  a  mark  too  deep  to  be  affected  by  crltlclstn,  i 

whether  It  be  censure  or  prnliie.     In  tblsoHse,  bi>w>  I 

•rer,  we  sboold   only  hare  Co    seek  tor    laudatory 

leiiu*-— it'H.  /"urn,  o/ Jf«d.  Sei.,  Jan.  1S61. 
It  Is  not  rery  often  Ibst  a  madleat  hook  reaches  t'a 

tenth  edition,  or  that  the  lasteartfaly  labor  l«  per- 

fiiroied  by  the  author  In  retouching  the  work  ihat 

Orst  came  from  hie  bead  Iblriy-llre   years  before. 

All  Ibis,  however,  has  bjppeaed  in  the  ca>e  of  Dr. 

Tny  l»r  and  his  clansical  ireatUe.    The  pea  dropped    nalulaln  Its  bi. 

from  the  grasp  only  when  the  *faaduw!i  uf  old  «ge    ocrniag   lh«   niuiir-ii  n    wiiuqi.    i-.    ir«i> 

were  niplaly  Jsepenlng  Into  the  d^rkuasa  of  death.    Med,  and  Surg.  Juurnat,  tik%.  13.  1961. 

IJujer  tb«circamsinace«, all  Ihe  juaruallst  hat  to  do 


eliod  Iti    beir  proper  ciao»ra<>u,  and   add 
thalalereni  and  ralne  ot  tbr   work;   they 
the  hulk  of  tb*  «ddltlna<  tu  the  levi.      A>  aa( 
tlon  ot  Ihe    rexbnvs  -  of  tb«  wui  k.  w«  notice  ) 
ottk  referffneei  lo  m^dic  •laixl  axp«<i*ii<» 
transpired  iloriog  the  year  i"'  '     '    • 
is   aciMuiM«a~   by  ibo    \n> 
ni\d<ainm«r  uiHdoxx,  ih*  i 

last  .KUgiMl.      I  I!    -  •-    -      ' 

is  ample  »rtct. 


'(] 


ftT  TUB  SAMS.  AUTHOR. 

THE  PRINCIPLES  AND  PRACTICE  OF  MEDICAL  JURLSPRl 

DENCE.     Second  Edition,  ReTi»ed,  with  aameroai  lllastraiioixt.    In  t«*  large  »etaf 

TulamcB,  oloth,  $10  00;  leather,  (13  00 

Thi»  great  work  innow  reoogniwdin  Bnglaod  as  the  fullest ftndmoataathoriiatlTelraatiM  i 

every  department  of  it«  important  tubjeot.  In  laying  t(,  in  it*  iiuproved  forcD,  before  the  A  mc| 

lean  profe^sioB,  the  pablifberB  triut  that  it  will  u<nme  th«  same  pueitioQ  in  thiaoouairy 

L)  T  TUB  SA  HE  AUTllnR. 

POISONS  IN  RELATION  TO  MEDICAL  JURISPHUDKNrE  AND 

MEDICINE.     Third  American,  from  the  Third  nnd  KeriRcd  Koglirh  Bdilion.     Id  ob«_ 
targe  ocltivo  volume  of  SoO  pagey  j  olotb,  $6  50  ;  Irntber,  $0  50.     {^Jutt  I*tu4ti,) 
The  present  li  based  upon  the  two  prerlons  edl-  ,  belDf  dtinerili*.!  whIoh  glvt>  rls*  to  la|:al  tkvaalli 
tlan«;"baltheeo[iipletererialuB  rendered  neceeaary    tiens— 7"^  .  -. 

by  liiofi  has  ouurertnd  It  iuio  a  new  work."     Tbis  | 
aiatemeot  from  the  prefacf  contain*  all  ihat  It  is  dr- 
•  Irad  tu  know  ia  refvrenoe  lo  the  a«w  edllloo      Th 
w<>rka  of  Iht*  aotbor  are  already  la  Ibr  library 
erery  pbysleUn  who  is  liable  to  be  called  upon  J   ' 
uitMlico-lvgiil'  uJ  whal<<nui»  aol7),«uitiki 

*J|  lUai  U  r'  i  known  abont  thL-praiieni  I  aod^l^'lii 

book  Ift  thai  1..  .IS  kept  It  abreaal  with  the  {  |(,«dI  uI  Hi 

timrs.     Wbiit  nmki'.-  It   uv>w,  as  k'**/".  ^•pedall.*     ^o  folsiiun 
valii<<bU  to  tli«  prac'ltloner  Is  Its  eourinf  ueisn  ano     j^m  ,,j.  |,,uci| 
prac(iealGbaracl4r,ool/ tboeepolaoaonsikahalancea   n^juurn 


Dr.T«^ 

f  1 1.1 


E 


OBERTS  (  WILLI  AM),  M.D., 

Ltclurtir  on  HtdiriHt  (n  tht  M<tnr-hftt»t  Behoel «/ XtOietni .  Ite. 

A  PRACTICAL  TRKATISK   ON   URINARY  ANP  RENAL  DI8- 

MASKS,  including  OriDaryDcpoBitg.  Illaitr«.l<>d  by  namcrou*  OMcaand  engraiingi.  Third 
American,  from  ibe  Third R«vi«ed  and  Enlarged  London  Edition.  In  od«  Iftrg*  ftod 
handaome  octavo  Tolome  of  over  600  pages.     Clotb,  $4.     (J««(£«o^y.) 

/THOMPSON  {SIR  HENRY), 

^  Surgfo n  rtnd  Prn/mtor  of  Clinien I  Surffery  to  Vnt^tmilv  Oallef*  BotpUa I . 

LECTURES  ON  DISEASES  OF  THE  URINARY  ORGANS.  With 

illQAtrationf  on  wood.  Second  American  Trotu  tbe  Third  English  Edition.  In  one  neat 
octavo  Tolome.     Cloth,  |3  26.     {Ju$l  Itttted.) 

DT  TUB  SJlfH  APTHOK  

ON  TUE  PATUOLOGY  AND  TREATMENT  OF  STRICTURE  OF 

THh  URETHRA  AND  URINARY  FISTULiB.  With  platen  itnd  woud  cul».  From  Ibc 
(hira  and  reviiied  Engiitb  edition.  In  one  rery  handaoma  octavo  volame,  elotb,  $8  6u. 
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